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1.0 Introduction to OFFPIPE 

This chapter provides a quick overview of the features and capabilities of the offshore pipeline 

installation and structural analysis program OFFPIPE. 

Sections 1.1 and 1.2 outline the main features and capabilities of the program, and list the types 

of pipeline installation and structural analysis problems that can be considered using OFFPIPE. 

Section 1.3 discusses OFFPIPE's user interface, input data and output. 

Sections 1.4 through 1.6 outline the mathematical assumptions and finite element models 

employed by OFFPIPE. Section 1.7 provides a quick summary of the finite element theory used in 

OFFPIPE. Section 1.8 gives an address, telephone and fax numbers that can be used to obtain 

further information about the operation, availability and licensing of OFFPIPE. 

1.1 Analysis Capabilities 

OFFPIPE is a sophisticated, finite element method based computer program. It has been 

developed specifically for the modeling and structural analysis of nonlinear problems encountered 

in the installation and operation of offshore pipelines. In Version 2, OFFPIPE's analysis 

capabilities include: 

□ Performs static and dynamic pipelaying analyses for a broad range of laybarge and stinger 

configurations, including both conventional pipelay and J-lay. 

□ Performs pipelay initiation, abandonment and recovery analyses in which a cable is used to raise 

or lower the pipeline to the seabed. 

□ Calculates the static pipe stresses, span lengths and deflections for pipelines lying on an 

irregular seabed. 

□ Performs static davit-lift analyses for conventional riser installations and subsea tie-ins. 

OFFPIPE consists of a core program and a series of optional program modules. The core 

program is a general purpose, finite element analysis system developed specifically for the 

modeling of nonlinear beam and cable structures. 

The optional program modules give OFFPIPE additional modeling capabilities. Each module 

enables OFFPIPE to analyze a specific class of problems encountered in the installation or 

operation of offshore pipelines. The analysis capabilities listed above reflect the program modules 

available in Version 2 of OFFPIPE. New program modules, presently under development, will 

provide additional capabilities in future versions. 

1.2 Features 

OFFPIPE provides a range of features which increase its ease of use, enhance its analysis 

capabilities, and ensure the accuracy and convergence of its calculated solutions. Some of its more 

important features and capabilities are: 

User Interface: 

□ User friendly, screen-based, interactive user interface. 

□ Input data entered by “filling-in-the-blanks” on color screens. 

□ Menu's are used to select program actions and load screens. 

□ Context sensitive help for each screen and data entry field. 

□ Output and calculation results viewed or plotted on screen. 

□ Input data stored in a human-readable, ASCII keyword file. 
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□ Output printed in a concise, easy to read report format. 

□ Generates hardware specific plot files for HP and other plotters. 

□ Output fully labeled with English or S.I. units. 

□ Comprehensive error handling with detailed explanations. 

Mathematical Capabilities: 

□ Performs both two and three dimensional analyses. 

□ Performs dynamic analyses for regular and random seas. 

□ Models nonlinear materials using moment-curvature relationships. 

□ Uses numerical integration domain response of pipeline in dynamic analyses to calculate time 

and stinger. 

□ Uses reduced size of 2-D problems to increase execution speed. 

□ Step length control algorithms ensure convergence of iteration. 

□ Algorithms such as tuned extrapolation speed dynamic solutions. 

□ Runs on IBM-PC compatible desktop and portable computers. 

General: 

□ Finite elements model the complete pipeline system, including the stinger and seabed in pipelay 

analyses. 

□ Finite element model is generated automatically from a simple problem description provided by 

the user. 

□ Production oriented with several options for describing the laybarge and stinger configurations. 

□ In pipelaying analyses: calculates the pipe stresses in the overbend and sagbend, determines the 

pipe angle and curvature at the barge stern and stinger tip, and calculates the position of 

touchdown point. 

□ In davit lift analyses: calculates the pipe stresses and geometry for davit supported pipe and 

unsupported span, determines davit line lengths and tensions, and calculates position of 

touchdown point. 

□ In pipe span analyses: determines the position and length of all pipe spans, calculates pipe 

stresses and deflections, and performs analyses for installation, hydrostatic test and service 

conditions. 

OFFPIPE's use of a detailed finite element model for the complete pipeline system, and its 

ability to explicitly model a range of different pipe configurations, enable it to perform analyses 

with a high degree of accuracy. Its sophisticated user interface and automatic generation of the 

finite element model simplify the analysis of complex problems. And its availability on 

inexpensive IBM-PC compatible desktop and portable computers permits analyses to be 

performed offshore and in remote field locations. 

1.3 Interactive User Interface 

OFFPIPE provides a menu driven, screen-based user interface for use with the IBM-PC and 

compatible personal computers. This interface allows the user to enter the program's input data 

and examine its output interactively, using the keyboard and display screen of the IBM-PC. 

OFFPIPE's user interface has been designed for ease of use in a real-world project environment. 

It is anticipated that OFFPIPE will often be run by first time or infrequent users, so special 

emphasis has been placed on the simplicity of its user interface. This helps to reduce the “learning 

curve” which must be overcome when OFFPIPE is used for the first time, or after a period of 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (1-3) 

inactivity. 

Emphasis has also been placed on production oriented features, such as OFFPIPE's ability to 

run case studies and preview calculation results before they are output. These and other features 

allow OFFPIPE to perform a large number of analyses on a tight project schedule. 

1.3.1 Input Screens 

OFFPIPE's input data is entered by simply filling in the blanks on a series of color data entry 

screens. These screens are organized in such a way that data which are logically related, such as 

the physical properties of the pipeline, are entered together on the same screen. A typical data 

entry screen is shown in Figure 1-1. 

Note that headings are included on each screen to define the type of data entered on the screen, 

and identify the data entered in each field. An interactive, context sensitive help system is also 

provided to describe the contents of each screen and data entry field in greater detail. 

OFFPIPE uses the data entry screens both to create a new input database and to edit the 

contents of an existing file. More than forty (40) different screens fare provided or entering or 

editing the input data. A list of data entry screens presently supported is given in Table 1-1 (See 

Section 1.3.2). 

 

Figure 1-1, A typical data entry screen. 

OFFPIPE uses multiple choice menus to select data entry screens and choose specific program 

actions, such as creating or editing an input database or printing the output file. The first of these 

menu screens is automatically loaded when OFFPIPE is executed. This first menu asks the user to 

select from the list of possible program actions shown in Figure 1-2. 

The possible input actions illustrated in Figure 1-2 include creating a new input data file, editing 

an existing file, or copying and editing the contents of an existing file under a new name. If the 

user chooses to create a new input data file, OFFPIPE displays a menu screen which is used to 

select the necessary data entry screens. An example of this menu is shown in Figure 1-3. 

If the user chooses instead to edit or review the contents of an existing data file, OFFPIPE 

displays a scrolling file-viewer which can be used to examine the file and select one or more 

records in the file for editing. OFFPIPE's file-viewer can also be used to insert new records at any 

point in the input data file, and to copy, move or delete existing records. The file-viewer screen is 

shown in Figure 1-4. 
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Figure 1-2, The “Select Program Action” menu. 

 

Figure 1-3, The “Select Data Entry Screen” menu. 

OFFPIPE's user interface tests for and flags common input errors. Syntax errors, inconsistent or 

missing data, and unreasonable numerical values are automatically detected by OFFPIPE and 

flagged with an error message. When appropriate, these error messages are displayed both on 

screen and in the printed output. A single message/status line is continuously displayed by 

OFFPIPE at the bottom of each screen. 
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Figure 1-4, The edit mode file-viewer screen. 

1.3.2 Input Data File 

The input data entered by the user is stored by OFFPIPE in a human-readable, ACSII input data 

file (OFFPIPE's input database is intentionally stored in a human readable, keyword-based, 

free-field format that resembles the input file formats used by some batch-oriented mainframe 

applications. For this reason and to avoid the unnecessary use of database terminology, OFFPIPE's 

input database will generally be referred to herein as its “input data file”.). This file serves as the 

input database for OFFPIPE's model building, static solution and dynamic solution modules, and 

also ensures that a permanent copy of the input data is retained for future use. 

OFFPIPE's input data file is expressed in a keyword-based, free-field format which can easily 

be read and understood by the user. Unlike the coded, binary file(s) used in a conventional 

database (Note that although it has a simple appearance, OFFPIPE's use of a human readable input 

data file was considerably more difficult to program and develop than a conventional binary 

database. This rather expensive step has been taken to make the input data file easier to understand 

and more accessible to the user.), OFFPIPE's input data file can be copied, printed and modified 

using a standard text editor. 

As in a conventional database, the contents of OFFPIPE's input data file are organized into a set 

of records (Two common database terms, “field” and “record”, will be used in this manual. A field 

is used herein to mean the physical location in the input database in which an item of data is stored. 

A field can contain a single value, a vector, or an array of data. A record is a collection of fields 

which are related, and stored and manipulated together.). Each record consists of the data given by 

the user on a single data entry screen (There is a one-to-one correspondence between the data 

entry screens and the records in the input data file. Each screen is associated with a single record 

type that is used to store the data entered on the screen. There is a similar correspondence between 

the data entry fields on the screen, and the data fields in the associated record of the input data 

file.). 

The data contained in each record are further divided into a series of fields. Each field is used to 

store the value or values entered in one of the data entry fields on the associated screen. Different 

types of fields are provided for scalar, vector and tabular data. 

Keywords are used by OFFPIPE to identify each input record and each individual field within 
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the record. With a few exceptions, these keywords allow records and fields can be placed in the 

input data file in any order. Records and fields whose contents are not required, for a particular 

analysis, do not have to be entered or defined by the user. 

An excerpt from a typical input data file showing several examples of record and field 

keywords is given in Figure 1-5. 

Note that the record keywords, shown in Figure 1-5, are always placed at the beginning of a 

record, and that they are preceded by an asterisk “*” character. This asterisk identifies the keyword 

as a record keyword, and makes it easier to locate the beginning of each record in the file. Field 

keywords are always followed by an equals “=“ sign. This equals sign identifies the item(s) of 

data associated with the keyword, and makes the file easier for the user to read. 

 
Figure 1-5, Keywords used in a typical input data file. 

Note also that the data entry screens and input data file are organized in such a way that data 

which are closely related are normally entered together. For example, the dimensions and physical 

properties of the pipe are entered on the *PIPE screen/record, while the geometry and 

configuration of the laybarge are described on the *BARG screen/record. 

OFFPIPE provides more than forty (40) different screens and associated record types for 

entering data in pipelaying, davit lift and pipe span analyses. These screens and their record 

keywords are listed in Table 1-1. 

Table 1-1, OFFPIPE's Input Screens 

*BALL -  Stinger ballast schedule. 

*BARG -  Laybarge geometry, position and pipe support configuration. 

*BUND -  Pipe bundle definition. 

*BUOY -  Stinger element net buoyancy's. 

*CABL -  Cable physical properties. 

*COAT -  Pipe coating properties. 

*COMM -  Comment record. 

*CONS -  Redefine dimensionless internal constants. 

*CONT -  Program execution control switches. 

*CURR -  Steady current profile. 

*DAVI -  Davit cable lengths and/or tensions. 

*DCAB -  Davit cable properties. 

*DIAG -  Diagnostic output switches. 

*END -  Marks the end of the input data. 
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*FIXI -  Nodal fixities. 

*FLOA -  Buoys and point flotation devices. 

*FLUI -  Fluid contents properties for pipe span analyses. 

*FORC -  Concentrated external forces. 

*GEOM -  Sagbend geometry, water depth and pipe element length. 

*HEAD -  Problem heading, job number, user name and units. 

*HIST -  Dynamic time history plot request. 

*LENG -  Variable sagbend pipe element lengths. 

*MOME -  Nonlinear moment-curvature relationship for pipe. 

*PIPE -  Pipe physical properties. 

*PLTR -  Plot hardware characteristics. 

*PRIN -  Output print switches. 

*PROF -  Static or dynamic pipeline profile plot request. 

*RAOS -  Laybarge motion RAOs for wave spectrum. 

*RESP -  Laybarge motion RAOs for regular wave. 

*REST -  Generate or execute from a dynamic restart file. 

*RUN  -  Run OFFPIPE using the preceding input data. 

*SECT -  Stinger cross section properties. 

*SOIL -  Seabed soil properties. 

*SPAN -  Seabed profile for pipe span analyses. 

*SPEC -  Wave spectrum equation coefficients. 

*SPTA -  Wave spectrum in tabular form. 

*STIN -  Stinger geometry, type and pipe support configuration. 

*SUPP -  Pipe support properties. 

*TENS -  Pipe tension on laybarge. 

*TIME -  Time integration parameters. 

*WAVE -  Regular wave description. 

*WEIG -  Stinger element weights and displacements. 

1.3.3 Output Processor 

OFFPIPE's interactive output processor allows the user to preview its X-Y plots and printed 

output on the screen of the IBM-PC, before they are generated in hard copy form. If the results are 

acceptable, the output processor allows the user to create hardware specific plot files, and send the 

plots and printed output directly to the user's plotter or printer, without exiting OFFPIPE. 

OFFPIPE's output processor uses a multiple choice menu to select a desired program action, 

such as displaying a plot or printing the output file. This menu screen is automatically loaded each 

time OFFPIPE generates a new static or dynamic solution. The menu asks the user to select from 

the list of possible program actions shown in Figure 1-6. 
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Figure 1-6, The output processor's action selection menu. 

  If the user chooses to preview an X-Y plot, OFFPIPE displays a plot selection screen similar to 

the file viewer provided by the input editor. This plot selection screen uses a scrolling window to 

display a list of available plots. With the plot selection screen, the user can choose plots for 

viewing, and also enable or disable individual plot requests. The plot selection screen is shown in 

Figure 1-7. 

  If instead, the user chooses to view the contents of the printed output file, OFFPIPE displays a 

scrolling, full-screen file viewer which can be used to examine the file. This file viewer allows the 

user to scroll or page through the output file using the IBM-PC's cursor keypad. 

 

Figure 1-7, The plot selection screen. 

1.3.4 X-Y Plots 

  OFFPIPE can generate X-Y plots based on any of the calculated variables included in the static 

and dynamic output tables printed by OFFPIPE (See Section 1.3.5). Two different types of plots 

can be produced: 

□ Profile plots. 

□ Time history plots. 

  In a profile plot, one or more of the variables (OFFPIPE permits multiple profile or time history 
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plots to be superimposed on a single page.) calculated by OFFPIPE are plotted as a function of the 

horizontal (X) coordinates of the pipe nodes, or as a function of the distance from the free end of 

the pipeline. Profile plots can be generated for the results of a static solution, a dynamic solution, 

or any time step of a dynamic solution. 

  In a time history plot, one or more of the variables calculated by OFFPIPE in a dynamic 

solution are plotted as a function time. A typical X-Y profile plot produced by OFFPIPE is shown 

in Figure 1-8. 

 

Figure 1-8, A typical prorile plot generated by OFFPIPE. 

1.3.5 Printed Output 

  OFFPIPE produces several different types of printed reports which are used to echo the input 

data, and present the results of static and dynamic analyses. This output is printed in a clear, 

concise format that is easily understood and suitable for inclusion in proposals and other 

documents. The units of input and output variables are always given. The different forms of 

printed reports provided by OFFPIPE include: 

□ Input echo. The input data listed in a report format with a description and units for each 

variable. 

□ Static output tables. The static pipe node coordinates, internal forces, stresses and support 

reactions printed in tabular form. 

□ Static solution and input summary. A summary of the input data and static solution suitable for 

reports and proposals. 

□ Dynamic range tables. The dynamic range of the pipe node coordinates, internal forces, stresses 

and support reactions printed in tabular form. 

□ Maximum dynamic value tables. The maximum dynamic values of the pipe node coordinates, 

internal forces, stresses and support reactions printed in tabular form. 

□ Instantaneous dynamic value tables. The instantaneous dynamic values of the pipe node 

coordinates, internal forces, stresses and support reactions printed in tabular form. 

□ Stinger ballast tables. The support moments about the stinger hitch and other data required to 

estimate the stinger ballast schedule printed in tabular form. 

□ Stinger element end force tables. The calculated internal forces for the stinger model printed in 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (1-10) 

tabular form. 

□ Plot file tables. A summary of the profile and time history plot files generated by OFFPIPE. 

1.4 Pipelaying System Model 

  In offshore pipelaying, initiation, and abandonment and recovery analyses, OFFPIPE uses a 

detailed finite element model, like that shown in Figure 1-9, to represent the complete pipelaying 

system. The pipeline and cable are modeled by a continuous string of beam-like pipe and cable 

elements that extend from the line-up station on the laybarge to the point of apparent fixity on the 

seabed. Other specialized elements are used to represent the pipe supports and tensioner(s) on the 

laybarge and stinger, and to provide a structural model for the stinger. The seabed is modeled as a 

continuous elastic foundation using bilinear, elastic-frictional soil elements. 

  OFFPIPE can generate explicit finite element models for a variety of laybarge and stinger 

configurations. The pipelay configurations that can be modeled include: 

□ Conventional laybarges, layships and semi-submersible vessels. 

□ Vertical or steeply inclined “J-lay'l barge configurations. 

□ Articulated, flexible, and rigid fixed-curvature stingers. 

□ Fixed ramps mounted on the stern of the laybarge. 

□ Pipelaying without a stinger. 

  OFFPIPE's ability to explicitly model a range of laybarge and stinger configurations eliminates 

the need for simplifying mathematical assumptions and approximate pipelaying system models, 

and greatly increases the accuracy of pipelaying analyses. 

 

Figure 1-9, Finite element model of the pipelaying system. 

  OFFPIPE generates the finite element model of the pipelaying system on the basis of a simple 

problem description expressed, by the user, in familiar engineering terms. The generation of the 

finite element model is performed automatically by OFFPIPE and completely transparent to the 

user. Unlike many finite element method based programs, OFFPIPE does not require that the user 

have any understanding of finite element theory. 

1.4.1 Laybarge Model 

  The part of the pipeline or cable lying on the laybarge is modeled by OFFPIPE as a continuous 

string of pipe and cable elements. These elements extend from the line-up station, or first pipe 
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tensioner (In abandonment and recovery analyses, the tensioner model is used to represent the 

laydown winch on the laybarge.) on the laybarge, to the barge stern. 

  The pipeline and cable are supported on the laybarge by a series of discrete pipe support and 

tensioner elements (See Section 1.4.3). OFFPIPE provides several convenient options for defining 

the elevations of these supports. The support elevations can be: 

□ Given explicitly by a series of vertical (Y) coordinates. 

□ Defined by a constant radius of curvature, the elevation and angle of the pipe on the forward 

part of the barge, and the position of the tangent point. 

□ Defined by a constant radius of curvature, the elevation and angle of the pipe on the forward 

part of the barge, and the coordinates of the stern shoe. 

  The laybarge is modeled by OFFPIPE as a rigid body. There are no independent degrees of 

freedom associated with the laybarge. In static analyses, the position of the laybarge is completely 

defined by the barge offsets, trim angle and heading provided by the user. The laybarge model is 

illustrated in Figure 1-10. 

  In dynamic analyses, OFFPIPE models all six (6) possible motions of the laybarge. The 

laybarge motions are defined explicitly by the wave conditions and response amplitude operators 

(RAOs) specified by the user. The wave conditions given by the user can represent either a single, 

regular wave or a two (2) dimensional wave spectrum. 

  For a regular wave, both the water surface profile and wave induced motions of the laybarge are 

assumed to be sinusoidal. The laybarge RAOs are used to define the amplitude and phase angle of 

the barge motions, as a function of the amplitude and phase angle of the wave. 

 

Figure 1-10, The laybarge model. 

  A continuous wave spectrum is represented by OFFPIPE as a series of discrete wave 

components whose frequencies and amplitudes are chosen to approximate the wave spectrum. The 

response of the laybarge to a wave spectrum is calculated by summing its responses to these 

individual component waves. The laybarge RAOs are used to define the amplitude and phase 

angle of each of the laybarge motions as a function of the amplitude, phase angle and frequency of 

each component wave. 

1.4.2 Stinger Model 

  The part of the pipeline or cable lying on the stinger is modeled as a string of pipe and cable 

elements which extends from the stern of the laybarge to the stinger tip. These pipe and cable 

elements are supported, on the stinger, by a series of discrete pipe support elements like those used 

on the laybarge. 

  OFFPIPE provides several options for modeling the stinger. The stinger can be modeled either 

as a rigid, fixed extension of the laybarge, or using a simplified structural model. The stinger 
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models provided by OFFPIPE include: 

□ Fixed stern ramp. Rigid, fixed extension of the laybarge. 

□ Conventional stinger. Flexible structural model. Straight when undeformed. Curvature obtained 

by bending stinger. 

□ Fixed curvature stinger. Flexible or rigid structural model. Curved when undeformed. Usually 

represents stiff truss design. 

□ Articulated stinger. Flexible or rigid segments joined by hinges. Curvature controlled by ballast 

schedule. 

  When the stinger is considered to be a simple extension of the laybarge, it is modeled as a rigid 

body. No structural model of the stinger is used, and there are no independent degrees of freedom 

associated with the stinger. The position and motions of the stinger are completely defined by the 

corresponding position and motions of the laybarge. 

  When a structural model of the stinger is requested, the stinger is represented by a 

one-dimensional, lumped parameter model like that shown in Figure 1-11. This simplified stinger 

model is composed of a series of beam-like elements that are joined end-to-end, like the elements 

used to model the pipe/cable string. 

  Each element of the structural stinger model represents a single section of the stinger. A stinger 

section is normally considered to be the part of the stinger which falls between two (2) adjacent 

pipe supports and/or stinger hinges. Each stinger element is assigned the combined or lumped 

physical properties (The physical properties of the stinger elements include the weight, 

diaplacement, bending stiffnesses, projected areas, and other characteristics of the stinger cross 

section. The lumped properties of the stinger elements are normally computed by summing the 

properties of the actual structural members which make up each stinger section.) of the matching 

stinger section. OFFPIPE permits different physical properties to be specified for the vertical and 

horizontal principal planes of the stinger cross section. The element properties can be varied over 

the length of the stinger. 

  Adjacent elements of the stinger model can be rigidly connected to each other, or joined by 

hinges which permit rotation about the horizontal and/or vertical principal axes of the stinger cross 

section. Rotational springs may be used to model compliant hinges or bumpers which limit the 

rotation between adjacent stinger sections. 

  OFFPIPE provides several convenient options for defining the geometry of the stinger. The 

positions of pipe supports and hinges on the stinger can be: 

□ Given explicitly by a series of X and Y coordinates. 

□ Defined by a constant radius of curvature and a series of element lengths or support spacings. 

□ Defined by a constant radius of curvature and a series of horizontal (X) coordinates. 

The angle of the stinger can be given explicitly or matched automatically to the angle of the 

pipe at the stern of the laybarge. 
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Figure 1-11, The structural stinger model 

  When a structural stinger model is used, OFFPIPE calculates the static position and dynamic 

response of the stinger on the basis of the pipe loads, buoyant forces, barge motions, currents and 

wave loads acting on the stinger. 

  In static analyses, the structural stinger model allows OFFPIPE to calculate the ballast 

distribution required to obtain a given stinger configuration. OFFPIPE can also predict the effect 

that variations in the ballast distribution, pipe loads or pipe tension will have on the stinger 

position and pipe stresses. In dynamic analyses, the structural model enables OFFPIPE to predict 

the dynamic response of the pipeline and stinger and calculate the loads exerted on the stinger by 

the waves and wave induced motions of the laybarge. 

1.4.3 Pipe Support Model 

  The pipe supports on the laybarge and stinger are modeled by OFFPIPE as frictionless, point 

supports or finite length supports. Each pipe support normally consists of two pairs of support 

rollers, like those shown in Figure 1-12. The first pair of support rollers is roughly horizontal, and 

used primarily to support the weight of the pipeline. second pair of rollers is roughly vertical, and 

intended to restrain the eral movement of the pipeline. 

  The horizontal rollers, shown in Figure 1-12, can represent either a single pair of rollers (a point 

support) or a finite length roller bed. The vertical side rollers are always modeled as simple point 

supports. In addition to the standard pipe support model shown in Figure 1-12, OFFPIPE can also 

model pipe supports that are inverted (upside down) and octagonal supports that fully encircle the 

pipeline. 
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Figure 1-12, A typical pipe support element. 

  As shown in Figure 1-12, each pair of pipe support rollers can be mounted at an angle in such a 

way that the rollers are arranged in a “V” configuration. The two side rollers can also be separated, 

by a distance that is greater than the pipe diameter, so the pipeline must be displaced laterally 

before it can contact either side roller. 

  The pipe support rollers are assumed by OFFPIPE to be linearly elastic. The properties and 

physical characteristics of the support rollers can be specified by the user. OFFPIPE permits the 

properties of the pipe supports to be varied over the laybarge and stinger. 

1.4.4 Sagbend Model 

  The unsupported pipe/cable span in the sagbend is modeled by OFFPIPE as a continuous string 

of pipe and cable elements. This string extends from the stinger tip, or stern of the laybarge, to the 

touchdown point on the seabed. The lengths of the pipe and cable elements in the sagbend are 

chosen by the user. OFFPIPE permits the element lengths to be held constant, or varied to increase 

the accuracy of the calculated pipe stresses and reduce the number of degrees of freedom in the 

sagbend. 

1.4.5 Seabed Model 

  The seabed is modeled by OFFPIPE as a continuous, elastic-frictional foundation. The vertical 

soil reaction is calculated by assuming that the soil is linearly elastic. The soil reaction is assumed 

to be continuously distributed over the length of pipeline or cable lying on the seabed, and 

proportional at each point to the vertical deformation of the soil. 

The horizontal force exerted on the pipeline or cable by the soil is assumed to be bilinear, as 

shown in exerted on the soil by the pipeline Figure 1-13. When the lateral force or cable is less 

than the minimum force required to overcome the soil friction, the soil is assumed to be linearly 

elastic. The resulting horizontal soil force is proportional to the lateral displacement of the 

pipeline. 

  When the lateral force exerted on the soil by the pipeline is greater than the force required to 

overcome friction, the horizontal soil reaction is assumed to be frictional and proportional to the 

vertical soil reaction. 
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Figure 1-13, The elastic-frictional lateral soil force. 

  The seabed is modeled by OFFPIPE as a flat surface, but it can have a nonzero slope that is 

oriented in any direction. The free end of the pipeline or cable on the bottom can be modeled as 

lying directly on the seabed, or attached to a pinned connection that is resting on the seabed or 

suspended from a fixed structure above the bottom. 

  The use of a continuous elastic-frictional foundation, rather than a series of discrete spring-like 

supports, to model the seabed greatly increases the accuracy of the pipe stresses calculated by 

OFFPIPE. In dynamic analyses, it also eliminates the stresses created artificially when the pipeline 

suddenly contacts these discrete supports. 

1.5 Davit Lifts 

  OFFPIPE can be used to calculate the static pipe stresses, pipeline configuration, and davit line 

lengths and line tensions for analyses in which one or more davits on a lift-barge are used to 

pick-up or manipulate a pipeline lying on the seabed. Davit lifts of this type are frequently used in 

the installation of conventional platform risers. A typical davit lift is shown in Figure 1-14. 

 

Figure 1-14, A typical davit lift configuration. 

  This process can be modeled, using OFFPIPE, by performing a series of static analyses in 

which the lengths or tensions in the davit lines are adjusted, in such a way, that the pipeline moves 

from the seabed to the water surface, in a series of discrete steps. 

  The position of the lift-barge can be varied, during a davit lift, by changing its heading or offset 
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from the pipeline right-of-way, or by displacing the laybarge forward or backward, at the 

beginning of any step. 

  The davit lines are modeled, by OFFPIPE, using either simple axial force elements or true 

catenary elements. The simple axial force element considers only the elongation of the davit cable. 

The true catenary element models both the curvature and elongation of the davit lines. 

1.6 Boundary Conditions and Applied Loads 

  To ensure the accuracy of its calculations, OFFPIPE carefully models the physical boundary 

conditions, external forces and environmental loads acting on the pipeline and stinger in 

pipelaying, davit lift and pipe span analyses. 

1.6.1 Boundary Conditions 

OFFPIPE uses specially designed finite elements to model the physical boundary conditions 

imposed on the pipeline and stinger. The boundary conditions considered by OFFPIPE include: 

□ Pipe supports and tensioners on the laybarge and stinger 

□ Davit cables. 

□ Single point buoys and flotation devices. 

□ Static displacements and dynamic, wave induced motions of the laybarge. 

□ Stinger hinges and bumpers. 

□ Static and dynamic structural response of the stinger. 

□ Support and frictional resistance provided by the seabed. 

□ Pinned end conditions on the seabed or a fixed structure. 

1.6.2 External Forces and Environmental Loads 

  OFFPIPE considers a range of external forces and environmental loadings in pipelay, davit lift 

and pipe span analyses. The types of loadings considered by OFFPIPE include: 

□ Weight, displacement and fluid contents of the pipeline, cable and stinger. 

□ Concentrated external loads acting on the pipeline or cable. 

□ Internal and external hydrostatic pressure acting on the pipeline. 

□ Thermal expansion of the pipeline. 

□ Steady currents acting on the pipeline, cable and stinger. 

□ Wave loads acting on the pipeline, cable and stinger. 

1.6.3 Steady Currents and Waves 

  OFFPIPE considers the forces exerted on the pipeline, cable and stinger by steady currents and 

waves. The velocity and direction of a steady current can be constant, or their values can be varied 

as a function of water depth. 

  In dynamic analyses, the wave conditions can be defined either by a single regular wave or a 

two dimensional wave spectrum. A wave spectrum can be defined either by entering its 

coefficients and functional form (ITTC, Pierson-Moskowitz, Jonswap, etc.) or by specifying the 

magnitude of the spectrum at a series of discrete wave frequencies. 

  A wave spectrum is represented in OFFPIPE by a series of discrete component waves. The total 

wave induced water particle velocity and acceleration acting on the pipeline, cable and stinger are 

calculated by summing the contributions of the individual wave components. 
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  The wave induced water particle velocities and accelerations are calculated, by OFFPIPE, using 

the linear or Airy wave theory. The linear theory is used because it is faster to evaluate than more 

complex theories, and it is considered accurate for on-bottom analyses and the moderate wave 

heights normally encountered in pipeline installations. 

  The hydrodynamic forces acting on the pipeline, cable and stinger are calculated using 

Morison's equation. 

1.7 Finite Element Method 

  OFFPIPE is based on a nonlinear matrix finite element method developed specifically for the 

analysis of flexible offshore beam and cable structures. 

  This method is a generalization of the classical, linear Euler-Bernoulli beam theory traditionally 

used for the analysis of offshore platforms and similar structures. The method is equivalent to a 

numerical (Galerkin) solution of the exact nonlinear differential equations of motion for a 

continuous beam which is subject to large deflections and nonlinear material behavior. 

  The finite element method employed by OFFPIPE is fully three dimensional, and used for both 

static and dynamic analyses. The static and dynamic solutions calculated by OFFPIPE are also 

fully nonlinear. There are no theoretical limitations on the magnitudes of the displacements or 

deformations of the pipeline, cable and stinger. 

  The finite element method allows a nonlinear moment curvature relationship to be used to 

model the plastic deformation of the pipeline (large strains). The method considers both the 

torsion and elongation of the pipeline, cable and stinger elements, and permits different physical 

properties to be used for the vertical and horizontal principle planes of the stinger cross section. 

  The method also considers the effects of nonlinear boundary conditions, such as intermittent 

contact between the pipe and pipe supports and dynamic variations in the pipe tension. 

  Because the equations of motion for the pipeline, cable and stinger are highly nonlinear, 

numerical integration is used to calculate their dynamic (time domain) response to wave forces 

and the wave induced motions of the laybarge. The numerical integration technique used is fully 

implicit, stable and oscillation free for any time step length. 

  When the finite element method is used to discretize the equations of motion, a system of 

nonlinear algebraic equations is produced. This system of equations must be solved once for each 

static analysis, and once for each time step in dynamic analyses. OFFPIPE uses an efficient 

Newton-Raphson iteration to solve this system of equations. Sophisticated step length control and 

tuned extrapolation algorithms are employed to ensure fast, reliable convergence of the iteration. 

1.8 Availability 

  OFFPIPE is available for use worldwide under a variety of single user and corporate license 

agreements. For technical support, or information regarding the use or licensing of OFFPIPE 

please contact: 

 Dr. Robert C. Malahy, Jr. 

6554 Auden 

Houston, Texas 77005 

U. S. A. 

Telephone: (713) 664-8635 

Facsimile: (713) 664-0962 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (2-1) 

2.0 OFFPIPE's Interactive User Interface 

  This chapter describes OFFPIPE's interactive user interface for the IBM-PC. OFFPIPE's user 

interface consists of two parts: (1) a menu driven, screen-based data entry system which is used to 

create and edit OFFPIPE's input data file, and (2) an output preview facility that allows the user to 

view OFFPIPE's calculation results before they are printed or plotted. 

  The components of OFFPIPE's data entry system and output preview facility include: 

□ multiple choice menus for choosing program options and selecting data entry screens. 

□ a screen based editor for modifying the input data file. 

□ data entry screens for entering new data or changing the contents of existing records. 

□ context sensitive help screens to explain how OFFPIPE is used. 

□ a plot viewer for previewing and editing output plots. 

□ a full screen viewer for examining the printed output. 

  The remainder of this chapter is to describe these basic components of OFFPIPE's user interface 

and explain how each one is used. Detailed questions concerning the contents of the individual 

data entry screens and the organization of OFFPIPE's input data file will be answered in Chapter 

3. 

2.1 OFFPIPE's Data Entry System 

  OFFPIPE's data entry system is designed to let the user enter data or modify the contents of the 

input data file interactively, by simply “filling-in-the-blanks” on a series of color data entry 

screens. 

  Menu screens are used to choose program options or select a single data entry screen from the 

list of available screens. Multiple choice menu's are also used to prompt the user whenever an item 

of data must be chosen from a frxed list of options. A context sensitive system of help screens is 

provided to explain each screen and data entry field, and to assist the user in understanding 

OFFPIPE's input data requirements. 

  OFFPIPE's data entry system can be viewed as a very specialized text editor that can be used 

either to create or edit the input data file. It provides both an Insert mode for entering new data 

into the file, and an Edit mode for examining and modifying the contents of the file. OFFPIPE can  

switch back and forth between modes as a file is being created or changed. The user can switch to 

Edit mode, for example, to examine or modify newly entered data, or change to Insert mode to add 

new data to an existing file. 

  In Insert mode, the user steps through a series of menus to select the data entry screens required 

to enter his or her data. The user then creates each new record in the input data file by filling in the 

appropriate fields on the screens. When the user finishes each screen, the newly entered data is 

automatically inserted into the file. This process is repeated until the input data file is completely 

defined. 

  In Edit mode, OFFPIPE allows the user to examine or modify the existing contents of the input 

data file. Whole records can be copied, moved or deleted from the file using the edit screen's cut 

and paste functions. 

  The contents of individual records can be examined or modified using the Edit Window. This 

Edit Window allows the user to scroll through the input data file and select the records to be edited. 

When a record is selected, its contents are read from the file and displayed on a data entry screen 
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like the one used to enter the data. Once the data has been captured on this screen, it can be 

modified as necessary. When the user has finished editing a record, the data on screen can be 

loaded into the input data file, replacing the previous contents of the record. 

  Each newly created or edited record is inserted into the input data file at the position given by 

the record pointer. When an input data file is first created, this record pointer is placed at the first 

line of the file, and then incremented automatically each time a new record is added. In Edit mode, 

the position of the record pointer is determined by the user and used to select the record to be 

edited. 

2.2 OFFPIPE's Output Preview Facility 

  OFFPIPE's output preview facility allows the user to examine its printed reports and display 

graphs of its calculation results on the screen of the IBM-PC. The reports and graphs displayed on 

screen have the same format and appearance as the output produced by OFFPIPE when they are 

printed or plotted on paper. 

  OFFPIPE's printed output file is previewed using the Output File Viewer. The Output File 

Viewer is a full screen, text display window that allows the user to scroll or page up/down through 

the printed output file using the IBM-PC's cursor, <Page-up>, <Page-down>, <Home> and <End> 

keys. 

  OFFPIPE's profile and time history plots can be previewed on screen using the Plot Editor. The 

Plot Editor is similar in operation to the Input Editor used to examine and edit the input data file. It 

provides a scrolling window which can display the user's plot request table and select plots to be 

drawn or viewed on screen*  The Plot Editor also permits the user to enable or disable individual 

plot requests before they are displayed or drawn. 

  OFFPIPE's output processor allows the user to send its output directly to the printer or plotter 

without exiting the program. It can produce printed output that is formatted for specific types of 

printers such as the Hewlett-Packard Laserjet series. And it can generate plots and 

hardware-specific plot files for Hewlett-Packard (HPGL) plotters, Laserjet printers, and other 

graphic output devices. 

2.3 Getting Started - Selecting a Program Action 

  To start running OFFPIPE, the “\OFFPIPE” and types the command then responds by 

displaying OFFPIPE's user simply enters the directory “OFFPIPE<Enter>“. The program standard 

Logo Screen. 

  The logo screen displays the program name “OFFPIPE”, copyright notice, version number, 

release date, and the name of the program licensee. The user can erase the logo screen and 

continue execution of OFFPIPE by hitting any key on the IBM-PC's keyboard. 
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Figure 2-1, OFFPIPE's Standard Logo Screen. 

  The next screen displayed by OFFPIPE is the “Select Program Action” menu. This menu is 

used to select the operation to be performed next by OFFPIPE. Using the “Select Program Action” 

menu, the user can: 

□ create a new input data file by entering data. 

□ edit (change or add new data to) an existing input data file. 

□ make a copy of an existing input data file under a new name, and then edit the new file. 

□ run OFFPIPE using an existing or newly created input data file. 

□ examine the printed output and/or plots produced by the most   recent execution of OFFPIPE 

(this option is selected automatically each time OFFPIPE is run). 

□ quit OFFPIPE and return to DOS or Windows. 

The “Select Program Action” screen is shown in Figure 2-2. 

 

Figure 2-2, The “Select Program Action” Screen 

  To choose a program action, the user first places the menu highlight on the desired operation, 

and then presses the <F9> or <Enter> key to select it. As in any menu screen, the highlight can be 
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moved up or down, to select a menu item, by using the IBM-PC's cursor, <Home>, <End>, and 

<Space-bar> keys. 

  Note that the user can abort a screen, at any time, and return to the previous (higher level) menu 

or data entry screen by simply hitting the <Escape> key. However, if the user hits the <Escape> 

key while in the “Select Program Action” menu, OFFPIPE will try to abort execution because this 

is the highest level menu or screen displayed by OFFPIPE. If the user chooses to “Create a New 

Input Data File” or “Edit an Existing Input Data File”, OFFPIPE will ask the user to enter the 

name of the file. Please note that the name “OFFPIPE.DAT” should not be used for the input data 

file, because it is used by OFFPIPE to create a temporary copy of the file during execution. Any 

file given this name by the user will be overwritten and destroyed by OFFPIPE. 

  Note also that the directory path used for the input data file is normally specified in the 

configuration file “\OFFPIPE\CONFIG.DAT”. It is not necessary to include the directory path 

when entering the name of the input data file, unless this path specification has been deleted from 

the configuration file. 

2.4 Creating a New Input Data File 

  If the user chooses to “Create a New Input Data File” in the “Select Program Action” menu, 

OFFPIPE will respond by displaying a menu screen called the “Select Data Entry Screen”. This 

screen is used to select and display the individual data entry screens required by OFFPIPE to enter 

the user's input data. 

  Because the number of different data entry screens provided by OFFPIPE is too great to be 

listed on a single screen, the “Select Data Entry Screen” is split and organized into two levels. At 

the first or highest level, the user is asked to specify the type of input data to be entered. The data 

types listed on the “Select Data Entry Screen” are: 

□ heading data, printed output options and plotting options. 

□ pipe and cable property data. 

□ pipelay vessel geometry and configuration data. 

□ stinger geometry and configuration data. 

□ sagbend and seabed data. 

□ dynamic analysis data. 

□ RUN and END record marks, and miscellaneous data, 

In addition to these data types, the “Select Data Entry Screen” also provides two program actions 

as options. These actions are: 

□ switch from insert to edit mode to examine or modify the input data. 

□ quit and save the new input data file. 

The first or highest level of the “Select Data Entry Screen” menu is shown in Figure 2-3. 
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Figure 2-3, The “Select Data Entry Screen” 

  When the user chooses one of the data types listed above in the “Select Data Entry Screen” 

menu, OFFPIPE responds by displaying a second menu that lists the names of the data entry 

screens included under that data type. The user can then select a data entry screen by positioning 

the menu highlight on the screen name and hitting the <F9> or <Enter> key to display the screen. 

An example of one of the second level menus is shown in Figure 2-4. 

 

Figure 2-4, A “Select Data Entry Screen” Second Menu 

  The user can switch from Insert mode to Edit mode, to examine or modify the input data, by 

choosing the “Switch to Edit Mode” option from the “Select Data Entry Screen” menu. This 

selection automatically loads OFFPIPE's “Input Editor” screen which allows the user to scroll 

through the input data file and examine or modify individual records. When the user is finished 

editing the input data file, he or she can return to Insert mode by hitting the <F8> key to choose 
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the “Insert Data” option on the “Input Editor” screen (see Section 2.5). 

  Note that when a data entry screen or screen group has been used in the input data file, a check 

mark “3 it appears next to the names of the screen and data type on the “Select Data Entry Screen”. 

This check mark is added to remind the user that at least one example of that screen and data type 

have been entered. 

  Note also that the HEAD screen should always be selected first when creating a new input data 

file, so it will be positioned at the beginning of the file. The HEAD screen is used to define 

problem heading and units information that is required by other screens/records. 

  The RUN and END records should be entered at or near the end of the input data file. The RUN 

record causes OFFPIPE to begin execution using the data which precedes it in the input data file. 

OFFPIPE can run multiple analyses, in a single program execution, by entering several RUN 

records, each of which is preceded by one or more new or modified input records. See Section 3.6 

for a discussion of the use of multiple input data cases. 

  The END record marks the logical end of the input data file and is normally the last record in 

the file. Input records positioned after the END record are ignored as input by OFFPIPE. Note, 

however, that the part of the input data file after the END record can be accessed by the “Select 

Data Entry Screen” and “Input Editor” screens. This area can be useful for storing records that are 

not required for the present analysis, but which the user would like to save for future reference. 

2.5 Using the Data Entry Screens 

  When the user makes a selection from the “Select Data Entry Screen” menu, a data entry screen 

similar to that shown in Figure 2-5 (the PIPE screen) is displayed by OFFPIPE. This data entry 

screen consists of the following: 

□ a heading giving the screen name, version number of the user's copy of OFFPIPE, and name of 

the input data file. 

□ one or more data entry fields. 

□ headings that identify the contents of each field. 

□ a list of keystrokes used to move about the screen, displayed 

  in the command line at the bottom of the screen. 

□ the units for the active data entry field, displayed in the bottom right hand corner of the screen. 

  On a color monitor, the data entry screens are displayed using a blue background. The fields on 

each screen are shown as gray (off white) rectangular areas which are clearly visible against the 

blue screen. The data entered in each field are displayed using black characters which contrast 

with the gray background of the field. 

  The field headings which identify the contents of each data entry field are displayed to the left 

or above the fields. Fields containing data that is always required as input are emphasized by using 

a bright white (boldface) heading. Fields containing optional or problem dependent data use a less 

dramatic light blue heading. 

  The user enters the input data by typing values directly into the fields displayed on the data 

entry screen. Fields containing data that is not required for the present analysis can be ignored and 

left blank. The field that is currently active is indicated by a blinking cursor, at the insertion point 

in the field, and a contrasting color (magenta) background that is used to highlight the field 

heading. 
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Figure 2-5, A Typical OFFPIPE Data Entry Screen 

  The user can move from one field to another on a data entry screen using the IBM-PC's 

up/down cursor, <Tab> and <Enter> keys: 

□ the up and down cursor keys move the cursor (text insertion point) vertically from one data 

entry field to the next. 

□ the left and right cursor keys move the cursor horizontally from one column to the next within a 

field. 

□ the <Tab> and <Shift-Tab> keys move the cursor horizontally from one field to the next. The 

<Tab> key moves the cursor to the right. The <Shift-Tab> key moves to the cursor the left. 

□ the <Head> and <End> keys move the cursor to the first and ast fields on the screen. 

□ the <Enter> key is used to accept the data in the present field and is equivalent to the down 

cursor key, except in the special case in which a field is used to load a second “child” screen. 

An example of a “child” screen is given by the “More Data” field on the BARG screen. If the 

cursor is placed in the “More Data” field, hitting the <Enter> key will cause OFFPIPE to load a 

second screen that is used to enter the coordinates and support types of the pipe supports on the 

laybarge. 

  The user can edit the data entered in each field using the IBM_PC's <Backspace> and <Delete> 

keys. The <backspace> key is used to delete the character to the left of the cursor. The <delete> 

key deletes the character at the present cursor position. 

  Data can be entered using either overtype or insert mode. In overtype mode, the characters 

typed by the user overwrite (replace) any existing data displayed in the field. In insert mode, any 

data to the right of the cursor is shifted to the right to make room for the new data entered by the 

user. 

  OFFPIPE's default data entry mode is overtype. The user can toggle between the insert and 

overtype modes by hitting the <Insert> key. Note that a block cursor is used to indicate when 

OFFPIPE is in insert mode. An underline cursor is used in overtype mode. 

  If the user makes a mistake while changing the value in a data entry field, the contents of the 

field can be restored to the value displayed when the field was originally entered by hitting the 

<F3> (undo) key. 

  When a data entry field requires the user to select one option from a list of possible values, 
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OFFPIPE provides a menu to help the user choose the appropriate option. The user loads this 

menu by hitting the <F4> key when the cursor is in the data entry  field. To select an option, the 

user simply places the menu highlight on the desired item and hits the <Enter> or <F9> key. To 

leave the option menu without making a selection, the user can hit either the <Escape> or <F4> 

key. 

  If the user has questions about a data entry screen or the data entered in any field, he or she can 

access OFFPIPE's context sensitive, online help system by hitting the <FI> or <F2> key. The <FI> 

key is used to display a context sensitive help screen that describes the contents of the active data 

entry field. The <F2> key displays a help screen describing the purpose of the active screen. 

  When the user hits either the <Fl> or <F2> key, OFFPIPE displays a scrolling “Help Window” 

that allows the user to access the information available for the active screen or data entry field. 

The user can browse through this information using the IBM-PC's up/down cursor, <Page- up>, 

<Page-down>, <Home> and <End> keys. 

  When the user has finished entering the input data, he or she can exit the active data entry 

screen by hitting the <F9> or <Escape> key. If the user has entered or changed any data, OFFPIPE 

will display a “Yes/No” screen to confirm that the new data is to be inserted into the input data file. 

If the user's answer is yes, the contents of the data entry screen will be inserted into the input data 

file, and the user will be returned to the “Select Data Entry Screen” menu. If the answer is no, the 

contents of the data entry screen will be discarded. 

2.6 Scroll Fields 

  Many of the data entry fields used by OFFPIPE to enter tabular data are displayed as scroll 

fields. A scroll field is a multiple line field that is viewed through a window on the data entry 

screen. As the name implies, a scroll field contains more lines than its display window can show at 

one time. These extra lines are accessed by scrolling the contents of the field upward or downward 

past (behind) the open screen window. An example screen with several scroll fields (the second 

BARG screen) is shown in Figure 2-6: 

 

Figure 2-6, The Second Barge Screen Contains Four Scroll Fields 

  When the active data entry field is a scroll field, the cursor keys work differently. Within a 
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scroll field, the up/down cursor keys can be used only to move the cursor from one line to the next 

inside the window. When the cursor reaches the top or bottom of the window, the field behind the 

window automatically scrolls up or down so the cursor can move to the next line. 

  To exit from a scroll field, the user can hit the <Page-up>, <Page-down>, <Tab>, <Home> or 

<End> keys. For scroll fields, the <Page-up> and <Page-down> keys mimic the normal behavior 

of the cursor up/down keys, and cause the cursor to move to the next field above or below the 

present field. 

  Scroll fields that are displayed side-by-side automatically scroll upward and downward together. 

Thus, data corresponding to the same station number or node number in adjacent scroll fields is 

always displayed side-by-side (in the same row) on the screen. 

2.7 Using the Input Editor 

  The “Edit Input Data File” screen is used by OFFPIPE to examine or modify the contents of the 

input data file. It can be used both to update an existing file, and to correct a new file as it is being 

created. The “Edit Input Data File” screen is shown in Figure 2-7. 

  The “Edit Input Data File” screen is loaded automatically when the user selects the “Edit an 

Existing Input Data File” option from the “Select Program Action” menu. It is also loaded if the 

user switches from Insert mode to Edit mode by selecting the “Switch to Edit Mode” option on the 

“Select Data Entry Screen” menu. 

  The “Edit Input Data File” screen consists of a scrolling window, which is used to view the 

contents of the input data file and select records for editing, and a list of function keys that can be 

used to edit, insert, delete or cut-and-paste individual records in the file. 

  The user scrolls through the input data file using the up/down cursor keys, <Page-up>, 

<Page-down>, <Home> and <End> keys on the IBM_PC's keyboard. A record is selected for 

editing, insertion or deletion by positioning it at the center of the scroll window. A record is 

considered to be at the center of the scroll window when any line in the record lies between the 

two arrowheads on either side of the window. 

 

Figure 2-7, The “Edit Input Data File” Screen 

  The user can edit any record in the input data file by positioning it at the center of the window 
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and hitting the <Enter> or <F6> key. When the user edits a record, OFFPIPE displays the data 

entry screen associated with the selected record, and loads the contents of the record into the 

appropriate fields on the screen. The user can then examine the record and modify its contents by 

entering new data or changing the values on the screen. 

  When the user has finished editing a record, he or she can exit the data entry screen by hitting 

the <F9> or <Escape> key. If the user has entered or changed any data, OFFPIPE will display a 

“Yes/No” menu screen to confirm that the modified record is to be inserted into the input data file. 

If the user's answer is “yes”, the updated record will be inserted into the file replacing the original 

record, and OFFPIPE will return to the “Edit Input Data File” screen. 

  The user can insert a new record into the input data file, immediately after the selected record, 

by hitting the <F8> key. To create the new record, OFFPIPE switches from Edit mode to Insert 

mode and loads the “Select Data Entry Screen” menu. The user can then insert one or more new 

records following the steps described in Sections 2.4 through 2.6. When the user has finished 

creating new records, he or she can return to the “Edit Input Data Screen” by choosing the “Switch 

to Edit Mode” option from the “Select Data Entry Screen” menu. 

  The user can delete the selected record from the input data file by hitting the <FIO> key. Note 

that after a record has been deleted, the record pointer is repositioned by OFFPIPE on the record 

immediately following the deleted record. This enables the user to delete multiple, sequential 

records by hitting the <FIO> key several times in succession.  

The undelete key <F3> can be used to restore the last deleted record to the input data file. When 

a deleted record is returned to the input data file, it is inserted immediately below the current 

position of the record pointer (not necessarily at the point from which it was deleted). After 

insertion, the record pointer is repositioned on the restored record. 

  The cut function <F5> removes the selected record from the input data file and saves its 

contents for later use in a hidden paste buffer. The previous contents of the paste buffer, if any, are 

discarded before the record is saved. 

  The paste function <F7> inserts the present contents of the paste buffer into the input data file 

immediately after the selected record. The cut and paste functions are normally used together to 

copy or move records from one position in the file to another. 

  The append function <Shift-F5> is similar to the cut function, but intended for use with 

multiple records. It removes the selected record from the input data file and adds its contents at the 

end of the paste buffer, without first clearing the buffer. When used together, the append and paste 

keys enable the user to copy or move blocks of records. 

  Note that the cut and append functions leave the record pointer positioned on different records, 

after the selected record has been removed from the input data file. The cut function leaves the 

record pointer positioned on the record immediately above (preceding) the record that was cut. 

This allows the selected record to be copied to the paste buffer (without being permanently 

removed) by hitting the cut and paste keys one after the other. 

  The append function leaves the record pointer positioned on the record immediately below 

(following) the record that was removed. This enables the user to append multiple, sequential 

records to the paste buffer by hitting the append key several times in succession. 

  Note also that the edit, delete, cut and paste functions descried above operate on complete 

records and not just on individual lines of the input data file. When a record is cut, pasted, deleted, 

or selected for editing the entire record is inserted or removed from the input data file. 
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  When the user has finished editing the input data file, he or she can exit the “Edit Input Data 

File” screen by hitting the <F9> or <Escape> key. If the user has modified the input data file, 

OFFPIPE will display a “Yes/No” menu screen to confirm that the updated file should be used to 

replace the original file. If the user's answer is “yes”, the input data file will be replaced, and 

OFFPIPE will return to the “Select Program Action” screen. 

2.8 Previewing and Generating OFFPIPE’s Output 

  The “Select Program Output” screen is used to preview plots of OFFPIPE's calculation results 

on the screen of the IBM-PC, to generate hardware specific plots or plot files, and to preview or 

generate copies of OFFPIPE's printed output. The “Select Program Output” screen is shown in 

Figure 2-8: 

  The “Select Program Output” screen is loaded automatically by OFFPIPE after running each 

static or dynamic analysis. The menu can also be loaded manually by selecting the “Display / Print 

Program Output” option from the “Select Program Action” menu. When the “Select Program 

Output” screen is loaded manually, it can only be used to examine or generate printed output for 

the most recent static or dynamic analysis performed by OFFPIPE. 

2.9 Plotting OFFPIPE’s Calculation Results 

  The user can display or preview plots generated by OFFPIPE on the screen of the IBM-PC by 

selecting the “Display Plots on Screen” option from the “Select Program Output” menu. When 

this option is chosen, OFFPIPE automatically loads the “Select Plot Table Entry” screen which is 

used to select plot table entries for plotting and/or display on screen. The “Select Plot Table Entr3l' 

screen is shown in Figure 2-9. 

  Note that the “Select Plot Table Entry” screen is similar in appearance to the “Edit Input Data 

File” screen described in Section 2.7. The screen consists of a scrolling window, which is used to 

view a summary table of the plots generated by OFFPIPE, and a list of function keys that can be 

used to view, enable or disable individual plots. 

 

Figure 2-8, The “Select Program Output” Screen 
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Figure 2-9, The “Select Plot Table Entry” Screen 

  The information displayed in the scrolling window for each plot includes its plot number, plot 

type, horizontal and vertical axis variables, node number or time point (dynamic analyses), and the 

first 28 characters of the plot title. 

  The user selects a plot for viewing by positioning its plot table entry between the arrows at the 

center of the scrolling window, and hitting the <Enter> or <F9> key. The plot will then be 

displayed on the screen of the IBM-PC exactly as it would be drawn on a hard copy plotter. The 

user can scroll through the plot table to select any plot using the cursor up/down, <Page-up>, 

<Page-down>, <Home> and <End> keys. 

  The “Select Plot Table Entry” screen can also be used to enable or disable individual plot table 

entries. Plots which are disabled will not be displayed on the IBM-PC's screen or included in any 

hard copy plots or plot files generated by OFFPIPE. A plot can be disabled by positioning its plot 

table entry at the center of the scroll window and hitting the <F4> or <F6> (disable all) key. A 

previously disabled plot can be re-enabled by selecting its plot table entry and hitting the <F3> or 

<F5> (enable all) key. 

  When a plot is enabled, a check mark “3 it is displayed to the left of its plot table entry in the 

scrolling window. When the plot is disabled, an “X” is displayed in place of the check mark. Note 

that all plots are enabled when the “Select Plot Table Entry” screen is first loaded. 

  When the user has finished viewing and enabling or disabling plots, he or she can exit the 

“Select Plot Table Entry” screen by hitting the <Escape> or <F9> key. Upon exiting the screen, 

the user automatically returns to the “Select Program Output” screen. 

  A paper (hard) copy of the selected plots can be created from within OFFPIPE by choosing the 

“Send Graphic Output to Plotter” option from the “Select Program Output” menu. When this 

option is selected, any plot(s) enabled on the “Select Plot Table Entry' screen are generated and 

transmitted directly to the user's plotter or graphics capable printer. 

Note that the logical unit name and directory path for the user's plotter are defined in the OFFPIPE 

configuration file “CONFIG.DAT”. This file is found in the directory containing the OFFPIPE 

program executables. 

  A hardware specific plot file can be created by choosing the “Generate File of Selected Plots” 
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option from the “Select Program Output” menu. When this option is selected, any plot(s) enabled 

on the “Select Plot Table Entr3l' screen are generated and incorporated into a single ASCII plot 

file. The name and directory path for this file are defined in the configuration file “CONFIG.DAT”. 

The default file name and directory path for the plot file are 

“\OFFPIPE\OUTPUT\HARDPLOT.PLT”. 

  Note that when one or more hard copy plots are generated directly by OFFPIPE, the user must 

wait for the plots to be transmitted to the plotter before he or she can perform another task, such as 

examining OFFPIPE's printed output or returning to the “Select Program Action” menu. If a 

hardware specific plot file is generated instead, the user can proceed immediately to another task. 

Note, however, that when a hardware specific plot file is created, the plots can only be drawn after 

the user has exited from OFFPIPE, by copying the plot file to the user's plotter using the MS-DOS 

“COPY” or “PRINT” command. 

2.10 OFFPIPE's Printed Output 

  OFFPIPE's standard, printed output is written to a single ASCII output file. The user can 

preview this file by choosing the “Examine Printed Output” option from the “Select Program 

Output” screen. When this option is selected, OFFPIPE loads the printed output file into memory 

and displays its contents on screen using a full screen (24 line x 80 column) display editor. 

  This display editor allows the user to scroll or page through the printed output file and examine 

its contents on screen, using the IBM PC's cursor keys, <Page up>, <Page down>, <Home> and 

<End> keys. 

  The <Home> and <End> keys move the display to the top and bottom of the output file. The 

<Cursor up>, <Cursor down>, <Page up> and <Page down> keys allow the user to move up or 

down through the file one line or one page at a time. The <Cursor left> and <Cursor right> keys 

can be used to display the left and right hand sides of output tables that are more than 80 columns 

wide. 

  When the user has finished examining OFFPIPE's printed output, he or she can return to the 

“Select Program Output” screen by hitting the <Escape> or <Enter> key. 

  The user can print the output file from within OFFPIPE by selecting the “Send Output to 

Printer” option from the “Select Program Output” menu. Note, however, that when the output file 

is printed directly by OFFPIPE, the user must wait for printing to be completed before he or she 

can perform another task, such as previewing OFFPIPE's plots or returning to the “Select Program 

Action” menu. 

  If the output is not printed from within OFFPIPE, it can be printed later (after exiting OFFPIPE) 

by copying the output file to the user's printer using the MS-DOS “Copy” or “Print” command. 

The name and directory path for the output file are defined in the file “CONFIG.DAT”, which is 

found in the directory containing the OFFPIPE executables. The default file name and directory 

path for OFFPIPE's output file are “\OFFPIPE \OUTPUT\OFFPIPE.OUT”. 
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3.0 OFFPIPE's Input Data File 

  The input data entered using the screen-based user interface, described in Chapter 2, is stored 

by OFFPIPE on disk in a human-readable, ASCII text file. This file is referred to simply as 

OFFPIPE's input data file. 

  The input data file is used by OFFPIPE as the input database for it's model building, static 

solution and dynamic solution modules. Because it is stored as an ASCII text file, the input data 

file can be examined, modified or even created using a conventional text editor (OFFPIPE can be 

configured to run in batch mode using input data files created by a text editor or user defined 

interface program. For applications in which the input data is mostly fixed, a user interface can 

even be constructed using a spreadsheet program.). The input data file is saved by OFFPIPE as a 

permanent file, allowing it to be reused, copied or updated at any time. 

  The purpose of this chapter is to describe the format and contents of the input data file. The 

overall structure and organization of the file are discussed in Sections 3.1 through 3.5. Section 3.6 

provides detailed descriptions of the data entered on each record in the file. Additional information 

regarding OFFPIPE's input data requirements and modeling techniques is provided in Chapter 4. 

  Because there is a one-to-one correspondence between OFFPIPE's data entry screens and the 

contents of the input data file, the information provided in this chapter can be used both as 

documentation for the input data file and as a reference for the data entry screens. Detailed 

questions concerning the data entry screens, which cannot be answered by referring to OFFPIPE's 

on-line, context sensitive help system, should be directed to this chapter. 

3.1 Input Records 

  OFFPIPE's input data file consists of a series of variable length logical records (The term 

“logical record” is used here to emphasize that the records in the input data file are not physical 

records, and that they can consist of one or more lines. A “physical record” would consist of only 

one line.). Each of these records contains the data entered by the user on one of OFFPIPE's data 

entry screens. Because the contents and format of each screen are different, OFFPIPE provides a 

unique record type and definition for each data entry screen. 

  Each record in the input data file consists of one or more data fields. These fields contain the 

parameter values specified by the user in the data entry fields on the matching screen. There is a 

one-to-one correspondence between the fields in each record and the fields on the data entry 

screen. The contents and format of each field in the record are identical to those of the data entry 

fields on the screen from which the data is taken. 
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PIPE ROW=I, LENG=2000, DIAM=24, WALL=0.625, YIEL=52 , CD=0.85 

Figure 3-1, There is a one-to-one correspondence between the data fields in each record and the 

fields on the corresponding data entry screen. 

  The fields which make-up each record in the input data file must be contiguous. The contents of 

adjacent records cannot overlap. Each record must begin on a new line of the input data file, and 

all of the fields required for that record must be entered before another record can begin. A record 

can be one or more lines in length, depending upon the amount of data entered on the associated 

screen. The maximum length of any line in the input data file is eighty (80) characters (Only the 

first seventy-four (74) characters of each line are displayed in the Edit Mode Data Window of 

OFFPIPE's screen-based user interface.), including blanks. 

3.2 Keywords 

  The contents of OFFPIPE's input data file are stored in a keywordbased, free-field format. 

Keywords are used to identify each record in the file, and to identify the individual data fields 

within each record. 

  Each input record begins with a single keyword that identifies the type of data stored in the 

record and the screen (The keyword for the input record associated with each data entry screen 

(BARG, STIN, etc.) is displayed in the screen heading and in the selection menu used to load the 

screen.) used to enter the data. This record keyword is always preceded by an asterisk “*” 

character to distinguish it from the keywords used to identify individual data fields within the 

record. 

  Each record must begin on a new line of the input data file, and the record keyword must be the 

first item to appear on this line. The keywords for the data fields associated with each record are 

entered immediately after the record keyword. Each field keyword is followed by an equal lt=it 

sign and the value(s) of the parameter(s) entered in the field. 

  With the exception of the HEAD, RUN and END records (described below), the records in the 

input data file can be entered in any order. The keywords for the data fields within each record can 

also be given in any order, as long as they are entered after the keyword which begins the record, 

and before any other record keyword is given. 

  Only those keywords associated with data actually entered by the user must be included in the 

input data file. Any keywords associated with empty fields or record types (screens) that are not 

required for the present analysis can be ignored. 

  Keywords may be up to forty (40) characters in length, but only the first four (4) characters of 
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each keyword (not including the asterisk) are considered by OFFPIPE. The first four (4) 

characters in each keyword (including blanks) should always be entered exactly as shown in this 

documentation. The remaining characters may be included, omitted or modified at the discretion 

of the user. Note that keywords are always entered in upper case. 

3.3 Data Fields 

  OFFPIPE uses several different types of fields, in the input data file, to accommodate the 

different kinds of data which can be entered on the data entry screens. The contents of a single 

field can be:  

1. a single numerical value, 

*PIPE ROW=1, DIAM=16.0, WAll=0.5, YIEl=52 

2. a simple character string enclosed by quotation marks,  

*PROF ROW=2, NUMB=1, TYPE=1, 

TITL= ‘PIPELINE ELEVATION PROFILE’, 

ORDL= ‘VON MISES PIPE STRESSES’, 

ABSL= ‘PIPE NODE X COORDINATE’ 

3. a list of numerical values or simple character strings separated by commas or blanks, 

     *BUOY NUMB=5, LIST=11.6, 7, 10.8, 8.2, 16.4  

4. a list of keywords, separated by commas and enclosed in parentheses, that defines the 

order in which tabular data is to be entered (Whenever a table definition string is entered, it is 

followed immediately by a table of parameter values entered, one row per line, in the column 

order defined by the string. An example of such a table (for the laybarge pipe support coordinates 

and support types) is shown here.).  

*BARG NUMB=7, DECK=16, TRIM=0.6, 

TABL =(X,Y,SUPP) 

250, 3.0, 2 

210 , 3.0, 2 

170, 3.0 

130, 2.01 

90, -1.21  

50, -6. 71  

10, -14.5 

An example of each type of data field is given above. Note that each example consists of a 

single input record which represents the output of a single data entry screen. 

  As shown in the above examples, the data fields in each record can be separated (delimited) by 

commas, by one or more blanks, or by a comma followed by one or more blanks. Note that when 

commas are used as the delimiters between fields in lists or tables of values, a blank or empty field 

can be indicated by entering two consecutive commas. 

  The use of a decimal point for floating point data is optional, both in OFFPIPE's data entry 

screens and in the input data file. The use of a decimal point is required only when it is needed to 

define the fractional part of a number (as in 10.75). However, data which must have an integer 

value (option numbers, print switches, counters, etc.) must be entered without a decimal point. 

OFFPIPE tests for the presence of a decimal point in integer fields and, if one is found, aborts and 

flags it as an error. 

  OFFPIPE permits numerical values which are very large or very small to be entered using 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (3-4) 

exponential notation. Some examples of the use of exponential notation are given by:  

*CONS STEI = 1E+5, SPDF = 1.0E-2, ROUN = 0.5E-10 

Note that the use of the plus sign “+” in the above exponent is optional, as is the use of the 

decimal point “.” in the mantissa, when the mantissa has an integer value. 

  OFFPIPE also checks for syntax errors and other common mistakes in the input data. Errors 

such as illegal characters, misspelled keywords, and unrecognizable combinations of characters 

are detected by OFFPIPE and flagged in the input data echo. A diagnostic message is printed to 

indicate the nature and severity of each input error. If a fatal error is detected, OFFPIPE will 

continue to read and check the input data for the current case before terminating execution. 

3.4 Input Data File Organization 

  The first record in the input data file must be the HEAD record. The HEAD record is used to 

enter alphanumeric data (character strings) that are incorporated into the standard page heading 

printed by OFFPIPE. The HEAD record must be entered first, because its contents are included in 

the page heading printed at the top of the Input Data Echo. The HEAD record also defines the 

system of units used for the input data, which must be specified before any numerical data can be 

entered. The contents of the HEAD record itself are not printed in the Input Data Echo. 

  The last two active records in the input data file must be the RUN and END records. The RUN 

record tells OFFPIPE to begin execution using the data which precedes the RUN record in the 

input data file. If the RUN record is omitted, OFFPIPE will not execute. The END record is used 

by OFFPIPE to mark the logical end of the input data file. The END record tells OFFPIPE to stop 

reading the input data file. Any data included in the input data file after the END record will be 

ignored. 

3.5 Running Multiple Cases 

  OFFPIPE reads the records in the input data file in the order in which they appear in the file, 

and begins execution when a RUN record is encountered. OFFPIPE executes using only the data 

entered on records preceding the RUN record. OFFPIPE will not execute unless at least one RUN 

record is included in the input data file, as shown in the following example :  
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  OFFPIPE allows the user to run multiple cases, representing different pipe laying analyses, in a 

single execution of the program. For example, two cases can be run consecutively by following 

the first RUN record, in the input data file, with one or more new input records and a second RUN 

record. 

  The new records entered, following the first RUN record, can be used to enter new parameter 

values and/or to redefine values given on preceding records. If, for example, the user wishes to 

rerun a problem changing only the pipe tension, this can be accomplished by simply reentering the 

record which defines the pipe tension, as in the following example : 

 

 

  Input parameter values that are not redefined, by re-entering the appropriate record(s) in the 

input data file, are carried over unchanged from one case to the next. It is only necessary to 

re-enter all of the input records when the user wishes to run a completely different analysis. 

3.6 Input Record Types 

The different record types provided by OFFPIPE for use in the input data file are listed below 

in Table 3-1:  

Table 3-1: Input Record Types 

*BALL - Stinger section ballast contents. 
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*BARG - Laybarge position and pipe support configuration. 

*BUND - Define pipe bundles. 

*BUOY - Stinger section net buoyancy's. 

*CABL - Initiation and A&R cable properties. 

*COAT - Pipe coating physical properties. 

*CONS - Redefine dimensionless program constants. 

*CONT - Program control switches. 

*CURR - Steady current velocity profile. 

*DAVI - Davit cable tensions and lengths. 

*DCAB - Davit cable properties.  

*DIAG - Diagnostic output. 

*END - End of input data. 

*FIXI - Nodal fixities. 

*FLOA - Discrete buoys and flotation devices. 

*FLUI - Properties of fluid contents for span analyses. 

*FORC - Concentrated external nodal forces. 

*GEOM- Sagbend data, water depth and pipe end conditions. 

*HEAD - Problem title or heading, user name, job number and units selection. 

*HIST - Generate dynamic time history plots. 

*LENG - Variable sagbend pipe/cable element lengths. 

*MOME - Nonlinear pipe moment-curvature relationship. 

*PIPE - Pipe dimensions and physical properties. 

*PLTR - Plotting hardware information. 

*PRIN - Output print switches. 

*PROF - Generate pipe profile plots. 

*RAOS - Laybarge motion RAOs for wave spectrum. 

*RESP - Laybarge motion RAOs for regular wave. 

*REST - Create or execute from dynamic restart file. 

*RUN - Run present input data case. 

*SECT - Stinger section physical properties. 

*SOIL - Seabed soil properties. 

*SPAN - Seabed profile for pipe span analyses. 

*SPEC - Wave spectrum equation coefficients. 

*SPTA - Wave spectrum in tabular form. 

*STIN - Stinger geometry, type and configuration. 

*SUPP - Pipe support physical properties. 

*TENS - Pipe tension. 

*TIME - Time integration parameters. 

*WAVE - Regular wave conditions. 

*WEIG - Stinger element weights and displacements.  

The remainder of this chapter is devoted to a detailed discussion of the above input records, and 

the format and contents of the data fields associated with each record.  
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Purpose:  Specify the ballast contents of stinger elements (Note 1). 

Keyword: *BALL 

 

Data Field Keywords:  

NUMB = Number of stinger elements for which the ballast contents are given.  

BEGI  = Index of the first stinger element for which the ballast contents are given (optional) 

(default = 1) (Note 2).  

When the ballast contents are specified for more than one element using the following field, the 

data are entered as a list of values separated by commas or blanks, using multiple entries per 

line for as many lines as necessary. 

LIST  = Ballast contents of the first stinger element, second stinger element, third stinger 

element, etc.; entered in order, in the form of a list, until the values for all stinger 

elements have been given (kips;kN) (Note 3).  

====================== 

Notes:  

1. In static analyses, the BUOY record (screen) can be used in place of the BALL and WEIG 

records to define the net buoyancy of the stinger elements. Because they are mutually exclusive, 

the BALL record may not be used at the same time as the BUOY record.  

2. Specifying the stinger element index for the first ballast value given permits the ballast contents 

of one element, or a few adjacent elements, to be defined or changed without entering the 

values for all elements. For example, if the stinger consists of six elements, the ballast contents 

of the tip element can be changed by setting BEGI = 6 and entering a single ballast value. 

3. The ballast contents of the stinger elements are assigned to the elements in order, beginning 

with the element closest to the stinger hitch and proceeding toward the stinger tip. 
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Purpose:  Define the pipe support configuration, static position, and other data for the laybarge.  

Keyword: *BARG 

 

Data Field Keywords:  

NUMB = Number of stations (pipe supports, tensioners and davits) and unsupported pipe or cable 

nodes on the laybarge (Note 1).  

GEOM = Option number for the method used to define the elevation (Y coordinate) of the pipe or 

cable at each station on the laybarge. The elevations are given by (Note 2):  

1 = Vertical (Y) coordinates given explicitly in the TABL = (X,Y,..) field described 

below (Note 3).  

2 = A radius of curvature combined with a straight ramp for  ward of the tangent 

point. The coordinates and angle of the tangent point are given explicitly in the 

XTAN, YTAN and ANGL fields (Note 4).  

3 = A radius of curvature combined with a straight ramp for  ward of the tangent 

point. The coordinates and angle of the tangent point are defined implicitly by 

the X coordinate and elevation of the stern shoe given in the XSTE and YSTE 

fields (Note 5).  

4 = Either option 2 or 3 above, depending upon the implied position of the tangent 

point in option 3. Option 2 is used if the position of the tangent point, 

calculated using option 3, is forward of the breakover point. Option 3 is used 

when the tangent point is aft of the breakover point. The coordinates and angle 

of the breakover point are entered in the XTAN, YTAN and ANGL fields 

(Notes 6,7) .  

5 = A straight ramp whose position and angle are defined by the coordinates of the 

tangent point given explicitly in the XTAN, YTAN and ANGL fields. The X 

coordinates of stations on the laybarge are assumed to define their po  sitions 

after the ramp has been rotated to the specified angle. (Notes 2,8).  

6 = A straight ramp whose the coordinates of the position and angle are defined by 

tangent point given explicitly in the XTAN, YTAN and ANGL fields. The X 

coordinates of stations on the laybarge are assumed to define their positions 

before the ramp is rotated to the specified angle. (Notes 2,9) .  

RADI = Pipe radius of curvature on the aft part of the laybarge; required with GEOM options 2, 

3 and 4 above (feet;meters).  

XTAN = Horizontal (X) coordinate of the tangent point (GEOM options 2, 3, 5 and 6) or 

breakover point (GEOM option 4); required with GEOM options 2 through 6 

(feet;meters) (Notes 4,5,6,7,9,10,11).  

YTAN = Elevation (Y coordinate) of the tangent point (GEOM options 2, 3, 5 and 6) or beakover 

point (GEOM option 4); required with GEOM options 2 through 6 (feet;meters) (Notes 
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4,5,6,7,9,10,12, 13,24).  

ANGL = Vertical angle of the straight pipe ramp forward of the tangent point; measured relative 

to the deck of the laybarge; required with GEOM options 2 through 6 (degrees) (Notes 

4,5,6,7,9,10, 12).  

DECK = Height of the laybarge deck above the water surface at level trim (feet;meters) (optional) 

(Notes 10,12).  

XOFF =  Static laybarge offset or displacement from its initial position; measured in the global X 

coordinate direction; used in davit lift analyses only (feet;meters) (optional) (Note 14).  

TRIM =  Laybarge trim angle (degrees) (optional) (Notes 12,14,16).  

XSTE = Horizontal (X) coordinate of the stern shoe on the laybarge; re  quired with GEOM 

options 3 and 4 (feet;meters) (Notes 4,10).  

YSTE =  Elevation (Y coordinate) of the stern shoe; required with GEOM options 3 and 4 above 

(feet;meters) (Notes 4,10,11,12).  

XROT = Horizontal (X) coordinate of the laybarge center of motion; re  quired in dynamic 

analyses and when a laybarge trim angle or heading is specified using the TRIM or 

HEAD field (feet;meters) (Notes 10,15).  

YROT = Vertical (Y) coordinate of the laybarge center of motion; required in dynamic analyses 

and when a laybarge trim angle or heading is specified in the TRIM or HEAD field 

(feet;meters) (Notes 11,15).         

ZROT =  Lateral (Z) coordinate of the laybarge center of motion; required in dynamic analyses 

and when a laybarge trim angle or heading is specified in the TRIM or HEAD field 

(feet;meters) (Notes 15,16).  

HEAD = Laybarge heading (degrees) (optional) (Notes 13,15).  

ZOFF =  Static laybarge offset or displacement from the pipeline right-of  way; measured in the 

global Z coordinate direction (feet;meters) (optional) (Note 14).  

XPIV =  Horizontal (X) coordinate of the pipe-ramp pivot on the laybarge; used to rotate the 

coordinates of pipe supports and tensioner(s) to a new position and angle, after they 

have been defined using one of laybarge geometry options (1-6). (feet;meters) (optional) 

(Note 25).  

YPIV =  Vertical (Y) coordinate of the pipe-ramp pivot on the laybarge (feet;meters) (optional) 

(Note 25).  

APIV =  Angle that the coordinates of the pipe supports and tensioner(s) are to be rotated about 

the pipe-ramp pivot on the laybarge (degrees) (optional) (Notes 25,26).  

The following keywords are used to enter tabular data associated with each station 

on the laybarge. The data are entered on N consecutive lines (N = number of 

stations plus any unsupported nodes) in the order in which the stations occur on the 

laybarge, beginning at the line-up station or free end of the pipeline and proceeding 

to the stern of the laybarge.  

TABL =  Specifies the column order of tabular data entered for each sta  tion on the laybarge. 

The data to be entered and the column order in which the data are given are defined by a 

list of keywords, enclosed in parentheses and separated by commas or blanks, which 

follows the TABL keyword. The TABL keyword must be entered after all scalar data 

(identified by the key  words given above) have been specified. See the example.  

X =  Horizontal (X) coordinate of the pipe or cable at the present station; required for all  
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  GEOM options (feet;meters) (Notes 1,2, 9,10).  

Y =  Elevation (Y coordinate) of the pipe or cable at the present station; required for GEOM 

option 1 and in davit lift analyses (feet;meters) (Notes 9,11,12,18,24).  

SUPP =  Row index of the present pipe support in the support property table. The support types 

of the first six (6) property table en  tries are (Notes 19,20):  

1 = Simple pipe support; the support resists only the downward displacement of the 

pipe and cable. The pipe and cable are free to lift-off the support when appropri  

ate (this is the default support type).  

2 = Pipe tensioner or A&R winch; the support applies an axial tension to the pipe or 

cable on the laybarge, and resists both upward and downward displacements of 

the pipe and cable. In pipelaying and abandonment/recovery analyses, at least 

one (1) pipe support on the laybarge must designated as a tensioner or A&R 

winch.  

3 = Inverted pipe support; the support resists only the up  ward displacement of 

the pipe and cable. The pipe and cable are free to move downward (fall away 

from the support) when appropriate.  

4 = Full encirclement support; the support resists both upward and downward 

displacements of the pipe and cable. The pipe and cable are not permitted to 

move above or below the limits imposed by the support's top and bottom rollers. 

(Notes 20,24).  

5 = Simple axial force davit; the davit cable is modeled by a simple, straight, axial 

force element (Notes 21,22).  

6 = True catenary davit; the davit cable is modeled by a curved element whose 

shape is determined by the weight and tension of the davit cable (Notes 21,22).  

100 = Unsupported pipe node (Notes 23,24).  

SPAC =  Length of pipe between the point of attachment of the present davit sling (or 

unsupported pipe node) on the pipeline and the preceding davit sling (or unsupported 

node); required in davit lift analyses only to define the positions of the davit slings and 

any unsupported pipe nodes on the pipeline (feet;meters) (Notes J 21,23).  

====================== 

NOTES:  

1.  OFFPIPE automatically positions a pipe or cable node at each point (station) at which the pipe 

is supported on the laybarge. In pipelay  ing analyses, one (1) pipe or cable node is placed at 

each pipe sup  port and/or tensioner. In davit lift analyses, one pipe node is placed at each 

point where a davit sling is attached to the pipeline.  

Additional unsupported pipe or cable nodes can be created at points which do not coincide 

with a pipe support, tensioner or davit. For example, an unsupported pipe node can be added to 

calculate the pipe stresses or apply a concentrated load (using the FORC record) at a point 

halfway between two supports. Unsupported pipe and cable nodes are requested in the SUPP 

field.  

2. In pipelaying analyses, the horizontal (X) coordinate of each pipe or cable node must always 

be given explicitly in the TABL = (X,Y,...) field OFFPIPE provides several options for 

defining the elevation (Y coor  dinate) of the pipe or cable at each station. These options are 

selected in the GEOM field. See Section 4.3.3.2 for a detailed discussion of the laybarge 
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geometry options. 

3.  The option GEOM = 1 is the only choice allowed in davit lift analyses It is used to specify the 

positions and elevations of the davits on the deck of the laybarge. The positions of the 

suspended pipe nodes supported by the laybarge are calculated, by OFFPIPE, using the davit 

spacing(s) entered in the SPAC field and the davit cable length(s) entered on the DAVI record.  

4. The tangent point is the point at which the straight pipe ramp, used for the firing line on the 

forward part of the laybarge, is tangent to the circular arc used to define the overbend near the 

stern of the laybarge. The radius of curvature for the overbend is given in the RADI = field. 

When no radius of curvature is required (GEOM = 5,6), the tangent point can be any point on 

the line defined by the straight pipe ramp which may be used to determine the position and 

angle of the ramp.  

5. When GEOM = 3, OFFPIPE calculates the coordinates of the tangent point using the pipe 

radius, the coordinates of the stern shoe (the pipe support closest to the stern of the laybarge) 

given in the XSTE and YSTE fields, and the position and angle of the pipe ramp forward of 

the tangent point. The position and angle of the pipe ramp are defined by the coordinates and 

angle entered in the XTAN, YTAN and ANGL fields. These coordinates can be given for any 

point along the straight line defined by the pipe ramp. They do not have to be positioned at or 

forward of the actual tangent point.  

6. When GEOM = 4, the values given in the XTAN, YTAN and ANGL fields define the position 

and angle of the pipe or cable at the break  over point. The breakover point is the 

forward-most point on the laybarge at which the tangent point can occur (i.e. the aft end of the 

last tensioner or the last fixed-height pipe support on the pipe ramp) Note that because the 

breakover point is a possible tangent point, it must lie on the straight line defined by the pipe 

ramp on the forward part of the laybarge. Its coordinates will be used, by OFFPIPE, to define 

the position and angle of the ramp forward of the tangent point.  

7. When GEOM = 4, OFFPIPE decides internally whether to use option 2 or option 3 to define 

the pipe support geometry for the laybarge. If the position of the tangent point calculated using 

option 3 is aft of the breakover point, OFFPIPE uses option 3 to determine the elevations of 

the pipe supports, tensioner(s) and unsupported pipe nodes on the laybarge. If the calculated 

position of the tangent point is forward of the breakover point, the tangent point is set equal to 

the breakover point, and option 2 is used. In this case, the elevation of the stern shoe will be 

greater than the value given in the YSTE field See Section 4.3.3.2.  

8. This option (GEOM = 5) is primarily used to model small, conventional laybarges which have 

a pipe ramp that is straight over its en  tire length. The pipe ramp can be inclined (at an angle) 

relative to the deck of the laybarge, but a radius of curvature is not used to in  crease the 

pipe's departure angle at the stern of the barge. When this option is selected, the horizontal (X) 

coordinates of points on the pipe ramp are defined, in the usual way, in terms of a local, 

laybarge oriented coordinate system in which the X axis is parallel to the barge deck.  

9. This option (GEOM = 6) is primarily used to model “j-lay” barge con  figurations in which 

the pipeline is supported on the laybarge by a straight, steeply inclined or vertical pipe ramp. 

When this option is chosen, the horizontal (X) coordinates of points on the pipe ramp are 

assumed to define their positions in terms of a temporary, local coordinate system in which the 

X axis is parallel to the inclined pipe ramp.  

For this option, the coordinates of points on the pipe ramp are calculated by assuming that the 
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ramp is initially parallel to the deck of the laybarge. The positions of the points are then fixed, 

and the ramp is rotated upward to the angle specified in the APIV field. The ramp is rotated 

about the point whose coordinates are given in the XPIV and YPIV fields. The advantage of 

this option is that the horizontal (X) coordinates of the pipe supports and tensioner(s) must be 

defined only once, and their values do not have to be readjusted to maintain the correct support 

spacing, when the ramp angle is changed.  

10. The coordinates and angles of points on the laybarge are specified, in the input data, in terms 

of the temporary, laybarge oriented coordinate system shown in Figure 4-10.  

11. In the laybarge coordinate system, the position of the point at which X = 0 is arbitrary and may 

be chosen by the user. It is recommended that the point X = 0 be placed at the stern of the 

laybarge. Note that the position chosen for the point X = 0 determines the placement of the 

origin in the global coordinate system. See Sections 4.1.3, 4.3.3.3 and Figure 4-10 for detailed 

discussions of the laybarge and global coordinate systems.  

12. In the laybarge coordinate system, the elevations (Y coordinates) and vertical angles of points 

on the laybarge are defined with respect to the deck of the laybarge. The angle of the pipe or 

cable is equal to zero when it is parallel to the deck. The elevation of the pipe or cable is equal 

to zero when it is lying on the deck. The angle and elevation of points on the laybarge can be 

referenced to the water surface by setting the laybarge deck height and trim angle equal to 

zero.  

13. In OFFPIPE, the Y coordinates of points on the pipe and cable al  ways refer to their B.O.P. 

(Bottom Of Pipe) elevation. The Y coordinates entered for pipe supports, tensioner(s), and the 

stern shoe de  fine the elevation of the bottom surface of the pipe or cable when it is resting 

on a support. Note that the values given for the tangent point elevation and pipe support radius 

also describe the B.O.P. elevation of the pipe or cable.  

The only exception to this “B.O.P. rule” is the full encirclement, type 4, pipe support. The Y 

coordinate entered for a type 4 support defines the elevation of the lower surface of the pipe or 

cable when it is centered in the support. The pipe or cable is centered in the support when the 

spacing between it and the surrounding support rollers is the same on all sides of the pipe or 

cable.  

14. The trim angle, entered in the TRIM field, is equal to zero when the deck of the laybarge is 

parallel to the water surface, and positive when the bow of the laybarge is higher than the stern. 

The heading, entered in the HEAD field, is equal to zero when the laybarge is parallel to the 

pipeline right-of-way, and positive if the laybarge is rotated in a clockwise sense, about the 

vertical Y axis, when viewed from above. The laybarge trim angle and heading are illustrated 

in Figure 4-2.  

15. The static laybarge offset in the X coordinate direction, specified in the XOFF field, is used 

primarily in davit lift analyses to move the laybarge closer to or away from the pipeline during 

a davit lift. The laybarge can be moved away from the pipeline to increase the pipe tension at 

the beginning of a lift, or closer to the pipeline to position the laybarge above the free end of 

the pipe as it approaches the surface. The Z coordinate offset specified in the ZOFF field is 

used to position the laybarge on either side of the pipeline right-of-way. The laybarge X and Z 

offsets are illustrated in Figure 4-3.  

16. The laybarge trim angle and heading, and the motions of the lay  barge in dynamic analyses, 

are defined at its center of motion. The center of motion may be chosen to be the center of 
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gravity of the lay  barge or any other convenient reference point. The coordinates of the 

center of motion are given in the XROT, YROT and ZROT fields.  

17. The lateral (Z) coordinate of the laybarge center of motion, entered in the ZROT field, is the 

horizontal distance from the center of motion to the (vertical plane defined by the) pipe ramp. 

The Z coordinate of the center of motion is negative for a starboard pipe ramp and positive for 

a port side pipe ramp.  

18. In davit lift analyses, the vertical (Y) coordinate of the davit, entered in the TABL = ( X,Y,… ) 

field, is the elevation above the deck of the point at which davit cable emerges from the head 

of the davit crane; i.e. the elevation of the effective point of attachment for the davit cable on 

the laybarge. See Section 5.1 and Figure 5-1.  

19. The properties and support type of each pipe support are specified, in the SUPP field, by 

referencing the row of the support property table in which the properties are stored. The first 

six rows of the property table are reserved for the support types shown (note that the support 

types match the row indices). These rows are used by OFFPIPE for its default pipe support 

models. The properties of these supports are automatically assigned by OFFPIPE (their values 

can be redefined by the user). Property table rows with indices greater than six are reserved for 

user defined pipe supports. The support proper  ties are entered into the support property 

table using the SUPP and DCAB records. See Section 4.4.3 for a detailed discussion of the 

support property table and pipe support models provided by OFFPIPE.  

20. In two dimensional analyses, pipe supports can be modeled either as simple point supports or 

as finite length, roller bed or track type supports. These supports can be positioned above 

and/or below the pipe or cable. For full encirclement (type 4) supports, the top and bottom 

rollers may be separated by a distance that is greater than the pipe diameter, allowing the pipe 

or cable some limited (vertical) freedom of movement within the support.  

In three dimensions, pipe supports are modeled as symmetric pairs of horizontal and vertical 

rollers, or roller beds, which support or restrain the pipe and cable vertically, and limit their 

lateral movement. A full encirclement (type 4) support consists of four pairs of rollers which 

completely surround the pipe and cable. Each roller pair may be inclined (at an angle) relative 

to the horizontal or vertical axis of the pipe support. As in two dimensions, the separations 

between pairs of rollers can be greater than the pipe diameter, allowing the pipe and cable 

some limited freedom of movement within the support. See Section 4.4.3 for a detailed 

discussion of the pipe support models provided by OFFPIPE.  

21. See Section 5.1 for a detailed discussion of davit lift analyses.  

22. In davit lift analyses, the support index must reference one of the default davit cable elements 

( SUPP = 5 or 6 ), an unsupported pipe node (SUPP = 100) or a user defined davit cable 

element (SUPP > 6) User defined davit cable elements can be entered into the support property 

table using the DCAB record. See Section 4.4.3 for a de  tailed discussion of the support 

property table and pipe support models provided by OFFPIPE.  

23. In davit lift analyses, the free end of the pipeline can be cantilevered forward of the first davit 

sling by declaring the first pipe node(s) to be unsupported in the SUPP field. The positions of 

the davit slings and unsupported nodes on the pipeline are defined by specifying the length of 

pipe forward of each node in the SPAC field. Note that this length must be zero for the first 

pipe node and nonzero for all remaining nodes.  

24. When the separation between the top and bottom rollers of a full encirclement (type 4) support 
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is greater than the external diameter of the pipeline or cable, it is assumed that the support 

elevation given by the BARG or STIN record defines the position of the pipe or cable when it 

is centered in the support. In this case, it is assumed that the purpose of the full encirclement 

support is to limit the range of motion of the pipeline and not to simply support its weight. The 

separation between the top and bottom rollers is specified on the SUPP record.  

25. The pipe support and tensioner coordinates are rotated about a pivot ~ axis that is parallel to 

the local Z axis of the laybarge coordinate system. This pivot option is primarily intended for 

use in “J-lay” analyses. It permits the positions of pipe supports on the ramp to be defined with 

the ramp at a convenient angle (i.e. horizontal), and then rotated to an appropriate angle for 

pipelaying. The pivot option also allows the ramp angle to be varied without changing the 

support spacing or other data used to define the ramp geometry.  

26. The effect of this rotation about the ramp pivot axis is identical to that of the initial rotation 

about the stinger hitch permitted on the STIN record. The sign convention used for a rotation 

about the pivot ~ axis is the same as that for a rotation of the stinger about the hitch The pivot 

angle is positive when the free end of the pipeline, on the forward part of the laybarge, is 

rotated upward. After the pivot rotation has been applied, the angle of the pipeline relative to 

the water surface is given by the summation of the pivot angle, the initial angle of the pipe 

ramp (as defined by the other data provided on the BARG record), and the laybarge trim angle. 
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Purpose:  Define pipe bundles consisting of two or more separate pipelines bound together. 

Keyword: *BUND  

 

Data Field Keywords:  

NUMB = Number of pipe property table entries used to define the present pipe bundle (Notes 1).  

PRIN  = Row index of the principle pipe property table entry for the present bundle; the pipe 

property table entry which defines the bundle's length and position in the pipe string, 

and for which the pipe stresses are to be calculated (Notes 2,4).  

RELE =  Switch used to release the present pipe property table entries from previously specified 

pipe bundles (Optional) (Note 2):  

0 = Present BUND record is being used to define a new pipe bundle (default).  

1 = Release the pipe property table entries specified (below) from any previously 

defined pipe bundles.  

The following keywords are used to enter tabular data associated with each 

station on the laybarge and to specify the column order in which this data is 

given. The tabular data to be entered is identified, and the column order of the 

table is defined, by a list of key-words (enclosed in parenthesis and separated 

by commas or blanks) which follows the TABL keyword. Once the data and 

its column order have been specified, the data are entered on N consecutive 

lines (N = number of pipe property table entries).  

TABL = Used to specify the column order of tabular data entered for each pipe property table 

entry. The data entered and column order in which the data are given are defined by the 

list of key  words, enclosed in parentheses and separated by commas or blanks, which 

follows the TABL keyword. The TABL keyword must be entered after all scalar data 

(identified by the keywords given above) have been specified. See the example.  

ROW =  Pipe property table row index of the present bundle member pipeline  (Notes  2,4) . 

NUMB= Number of pipelines in the bundle having the same properties and position 

(interior/exterior) as the present member (Note 3).  

POSI  = 0ption number for the position of the present pipeline relative to the other lines in the 

bundle (Notes 1,5,6):  

1 =  Interior pipe; the surrounding water does not act directly on the surface of the 

pipe. Its submerged weight is equal to its weight in air.  

2 =  Exterior pipe; the surrounding water acts directly on the surface of the pipe. 

Its submerged weight is less than its weight in air.  

====================== 

NOTES:  

1. A pipe bundle consists of two or more separate pipelines that are bound together to form a 

single pipe string, and laid at the same time, side by side. The pipelines may be tied together by 

straps or mechanical fasteners wrapped around the outside of the lines, or one or more of the 

pipelines may be contained inside another line(s). A pipeline which is contained inside another 
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line is designated as an interior pipeline in the POSI field.  

2. A pipe bundle is defined by specifying the pipe property table entries of its component pipelines 

on the BUND record. Each pipe property table entry can only be referenced on one BUND 

record. Once a property table entry has been used to define a pipe bundle, it cannot be used 

alone or in another pipe bundle until after it has been re  leased by entering a BUND record 

with RELE = 1. When the RELE switch is set, the BUND record can be used only to release the 

speci  fied pipe property table entries. A second BUND record is required to define a new pipe 

bundle using the released property table entries  

3. Two (2) or more identical lines in a pipe bundle can be assigned the same properties by 

indicating the number of lines corresponding to each property table entry in the NUMB field.  

4. When more than one length of pipe or cable is used to form the pipe string which extends from 

the lineup station on the laybarge to the seabed, the string is assembled by joining the pipe and 

cable seg  ments together, end-to-end, in the order in which their entries ap  pear in the 

pipe/cable property table. If one of the segments in the string is a pipe bundle, the length and 

position of the bundle in the string are determined by the length and location of its principle 

pipe/cable property table entry (selected in the PRIN field) in the property table. The lengths 

and locations of the other members of the pipe bundle are ignored. See Section 4.4.1 for a 

detailed de  scription of the pipe property table.  

5. The weight in air of the pipe bundle is calculated by summing the dry weights of its component 

pipelines. The submerged weight is calculated by summing the submerged weights of all 

exterior lines plus the weights, in air, of any interior lines.  

6. The axial and bending stiffnesses, of a pipe bundle, are calculated by summing the stiffnesses of 

the pipelines contained in the bundle. It ~ is assumed that the method used to bind the lines 

together does not transfer shear forces between the component pipelines, e.g. it is as  sumed 

that the neutral axis of each line in bending will coincide with its own centerline. This 

assumption is valid for most common meth  ods of tying pipelines together, including the use 

of rigid mandrels to position one pipeline inside another (if the inside line is centered within the 

outer line) in the case of insulated pipe-in-pipe systems.  
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Purpose:  Specify the net buoyancies of stinger elements (Note 1). 

Keyword: *BUOY  

 

Data Field Keywords:  

NUMB = Number of stinger elements for which net buoyancy values are given.  

BEGI  = Index of the first stinger element for which the net buoyancy is given (optional) (Note 

2).  

When more than one stinger element buoyancy is specified in the following field, 

the data are entered as a list of values separated by commas or blanks, using 

multiple entries per line for as many lines as necessary.  

LIST  = Net buoyancy of the first stinger element, second stinger element, third stinger element, 

etc.; entered in order, in the form of a list, until the values for all stinger elements have 

been given (kips;kN) (Notes 3,4).  

====================== 

Notes:  

1. In static analyses, the BUOY record can be used in place of the BALL and WEIG records to 

define the net buoyancy of the stinger elements Because they are mutually exclusive, the BALL 

and WEIG records may not be used at the same time as the BUOY record J  

2. The net buoyancy of a single stinger element, or a few adjacent elements, can be defined 

without entering the values for all elements by specifying the index of the stinger element to 

receive the first net buoyancy value in the BEGI field. For example, if the stinger consists of six 

elements, the net buoyancy of the tip element can be changed by setting BEGI = 6 and entering 

a single buoyancy value. 

3. In static analyses, it is often more convenient to specify the net buoyancy of each stinger 

element instead of the values of the stinger element weights, displacements and ballast contents, 

which may not be readily available. The stinger element buoyancies are calculated by 

subtracting the total weight and ballast content of each element from its displacement. Note that 

it is not appropriate to use the BUOY record in dynamic analyses, because it does not provide 

any information regarding the mass properties of the stinger.  

4. The net buoyancies of the stinger elements are assigned to the elements in order, beginning with 

the element closest to the stinger hitch and proceeding toward the stinger tip.  
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Purpose:  Enter the physical properties of the cable, used in initiation, abandonment and recovery 

analyses, into the pipe/cable property table.  

Keyword: *CABL 

 

Data Field Keywords:  

ROW = Row index of the present cable entry in the pipe/cable property table (Note 1). 

LENG = Length of the present cable segment (feet;meters) (Notes 1,2).  

AXIA = Axial stiffness (EA) of the cable; the product of the effective modulus of elasticity and 

cross sectional area of the cable (kips;kN) (optional) (Note 3).  

BEND = Bending stiffness (El) of the cable; the product of the effective modulus of elasticity and 

moment of inertia of the cable; must be greater than zero (kip-in2;kN-cm2) (optional) 

(Note 3).  

WEIG = Weight per-unit-length of the cable in air (lbs/ft;N/m) (optional) (Note 4).  

SUBM = Weight per-unit-length of the cable submerged (lbs/ft;N/m) (optional) (Note 4).  

DIAM = External diameter of the cable; used to calculate the cable's weight and the 

hydrodynamic drag force acting on the cable (inch;cm) .  

CD  =  Drag coefficient; used to calculate the hydrodynamic drag force acting on the cable 

(default Cd = 0.8) (optional) (Note 6).  

DISP  = Cross sectional area (external) of the cable; used to calculate the hydrodynamic inertial 

force per unit length acting on the cable (inch2;'cm2) (optional) (Note 5).  

CM  =  Added mass coefficient; used to calculate the hydrodynamic in  ertial force acting on 

the cable (default Ca = 1.0) (optional) (Note 6).  

 

Notes:  

1. This record is used to specify the properties of the cable used to raise or lower the pipeline in 

initiation, abandonment and recovery analyses. OFFPIPE models the pipeline and cable as a 

continuous string that extends from the lineup station on the laybarge to an apparent point of 

fixity at the far (lower) end of the sagbend. This point of fixity can either be a point on the 

seabed or a pinned connection positioned above or below the water surface. The cable 

properties are entered by loading their values into the row of the pipe/cable property table 

specified in the ROW field. When more than one length of cable is required to define the 

pipe/cable string, the properties of each cable segment are entered by using a different property 

table row index for each entry. OFFPIPE assembles the complete pipe/cable string by scanning 

the property table and joining the pipe and cable segments together, end-to-end, in the order in 

which they appear in the table. See Section 4.4.1 for a detailed description of the pipe/cable 

property table.  

2. The value given in the LENG field defines both the length of the present cable segment and its 

position in the pipe/cable string. In pipe laying analyses in which the pipe tension is specified 

and the pipe/  cable string terminates normally on the seabed, the total length of the pipe/cable 

string is determined by OFFPIPE as part of the static solution. If the total length specified for all 

entries in the pipe/cable property table is less than the calculated length of the pipe/cable string, 

the properties of the last entry in the table are extended and used for the remaining pipe or cable 



Cable Properties  CABL Record 

 (3-19) 

elements. If the total length specified exceeds the calculated length of the pipe/cable string, any 

property table entries that are not needed to define the string are ignored. When only one 

property table entry is given, it is not necessary to specify its length because it will 

automatically be extended, as required, to define the pipe/cable string. In pipe laying analyses in 

which the free end of the pipe/cable string is pinned at the far end of the sagbend, or the X 

position of the end of the pipe/cable string is fixed, the length of the pipe/cable string cannot be 

adjusted by OFFPIPE. In these cases, the length specified for each cable segment must be 

entered exactly because it will be used to help define the total length of the pipe/cable string. 

Pinned end and fixed span length analyses are requested on the GEOM record. 

3. If the stiffnesses specified in the AXIA and BEND fields are not given, their default values will 

be calculated by OFFPIPE. The cable's de  fault stiffnesses are assumed to be proportional to 

the axial and bending stiffnesses of the first pipe entry in the pipe/cable property table. The 

constants of proportionality used to calculate the default stiffnesses can be specified on the 

CONS record. See Section 4.4.1.  

4. If their values are not given in the WEIG and SUBM fields, the weight  in-air and submerged 

weight of the cable are assumed to be equal to seventy percent (70%) of the corresponding 

weights for a solid steel bar having the same nominal diameter as the cable.  

5. If its value is not given in the DISP field, the external area of the cable is calculated using its 

external diameter.  

6. The hydrodynamic forces acting on the cable are calculated using Morison's equation. See 

Section 4.6 for a discussion of Morison's equation and definitions of the coefficients CD and 

CM.  
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Purpose:  Enter the properties of pipe coatings into the pipe/cable property table.  

Keyword: *COAT 

 

Data Field Keywords:  

ROW  = Row index of the present pipe entry in the pipe/cable property table (Notes 1,2).  

TCOR = Thickness of the pipe's corrosion coating (inch;cm).  

TCON = Thickness of the pipe's (concrete) weight coating (inch;cm) (op  tional) (Note 3).  

DSTE = Specific weight of the pipe steel (default W = 490 lbs/ft3; = 76,970 N/m3) (lbs/ft3;N/m3) 

(optional).  

DCOR = Specific weight of the corrosion coating material (lbs/ft3;N/m3) (optional) .  

DCON = Specific weight of the weight coating material (lbs/ft3;N/m3) (optional) .  

SPGR = Specific gravity of the coated pipe (optional) (Note 3).  

LENG = Average length of a pipe joint (feet;meters) (optional).  

FJNT = Average length of a field joint (feet;meters) (optional).  

DJNT = Specific weight of the field joint fill material (lbs/ft3;N/m3) (optional) .  

DCNT = Specific weight of the fluid contents of the pipeline; for use in pipelaying and davit lift 

analyses only (lbs/ft3;N/m3) (optional) (Note 4).  

====================== 

Notes:  

1. The pipe/cable property table index given in the ROW field must agree with the index specified 

on the corresponding PIPE record. See Section 4.4.1 for a detailed description of the pipe/cable 

property table.  

2. The pipe coating properties entered on the COAT record are used only to calculate the pipe 

weight. The properties of the pipe coatings are not considered, by OFFPIPE, when calculating 

the bending stiffness of the pipe. If the use of an increased bending stiffness is desired to model 

the stiffening effect of the pipe coatings, it can be defined by specifying an increased value for 

the coated moment of inertia on the PIPE record. 

3. If the value of the pipe's specific gravity is specified in the SPGR field, and the weight coating 

thickness is not given in the DCON field, OFFPIPE will calculate the coating thickness required 

to achieve the desired specific gravity. If the values of both the specific gravity and weight 

coating thickness are given, the specific gravity will be ignored.  

4. The density of the pipe's fluid contents, specified in the DCNT field, is intended for use in 

pipelaying and davit lift analyses only. It can be used, for example, to simulate a davit lift of a   

flooded pipeline. For pipe span analyses, the density of the pipe's fluid contents are entered 

using the FLUI record.  
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Purpose:  Insert comments into the input data file.  

Keyword: *COMM  

 

Data Field Keywords:  

COMM = An alphanumeric character string containing any desired comment (optional) (Note 1).  

====================== 

Notes:  

1. COMM records (comments) may only be placed between records in the input data file, or at the 

beginning or end of the file. COMM records cannot be imbedded in (placed between the lines of) 

a multi-line record such as the BARG record.  

2. Comments can also be included on the RUN and END records.  
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Purpose:  Redefine the values of internal dimensionless constants used by OFFPIPE (Note 1).  

Keyword: *CONS  

 

Data Field Keywords:  

The following constants are redefined by entering the keyword for each constant 

value to be changed, followed by “=” and its new value (Note 1). Only the 

keywords for value(s) to be changed must be entered.  

SPCX = Ratio of the longitudinal stiffness of the pipe tensioner element to the axial stiffness 

(EA/L) of the first pipe entry in the pipe/cable property table; used to calculate the 

default longitudinal stiffness for tensioner elements (default ratio = 1.0).  

SPCY = Default vertical deflection of the pipe support element under a reference pipe load 

roughly equal to the average weight of the pipe spans between supports on the laybarge 

and stinger; expressed as a fraction of the diameter of the first pipe entry in the 

pipe/cable property table (default ratio = 0.001).  

STEA = Ratio of the axial stiffness (EA/L) of stinger elements to the axial stiffness of the first 

pipe entry in the pipe/cable property table; used to calculate the default axial stiffness of 

stinger elements (default ratio = I.OE+I).  

STEI  = Ratio of the bending stiffness (EI/L) of stinger elements to the bending stiffness of the 

first pipe entry in the pipe/cable property table; used to calculate the default bending 

stiffness of stinger elements (default ratio = I.OE+4).  

SLCY = Default vertical deflection of the seabed under a reference pipe load equal to the 

submerged weight of the first pipe entry in the pipe/cable property table; expressed as a 

fraction of the pipe diameter (default ratio = 0.05 * diameter).  

CAEA = Ratio of the axial stiffness (EA/L) of cable elements to the axial stiffness of the first pipe 

property table entry; used to calculate the default axial stiffness of cable elements 

(default ratio = 1.0).  

FMAX = Convergence tolerance used to limit the maximum residual force in the static solution; 

roughly equal to the value of the maximum normalized residual force (default = I.E-6) 

(Note 2).  

DMAX = Convergence tolerance used to limit the maximum displacement calculated by Newton's 

method in the static solution; roughly equal to the maximum normalized displacement 

(default ratio = I.E-I2) (Note 2). 

ZERO = Reference value slightly larger than the computer's single precision unit roundoff error; 

used to test for nonzero values in the input data. Must be greater than zero (default value 

= 0.5E-6).  

ROUN = Reference value slightly larger than the computer's double precision unit roundoff error; 

used to test for nonzero values in double precision computations. Must be greater than 

zero (de  fault value = I.E-12).  

CAEI = Ratio of the bending stiffness (EI/L) of cable elements to the bending stiffness of the 

first pipe entry in the pipe/cable property table; used to calculate the default bending 

stiffness of cable elements. Must be greater than zero (default ratio = I.E-6).  

HSRZ = Ratio of the rotational stiffness of the stinger hinge bumpers to the bending stiffness of 
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the stinger elements; used to calculate the default stiffness of the hinge bumpers (default 

ratio = I.OE+2) .  

FXST = Ratio of the stiffness value used to enforce nodal fixities to the axial stiffness (EA/L) of 

the first pipe entry in the pipe/cable property table (default ratio = I.E+2).  

PCTD = Material damping coefficient used in pipe and cable elements to prevent axial resonance 

of the pipe/cable string; expressed as a fraction of critical damping (default = 0.05).  

====================== 

Notes:  

1. These dimensionless constants are used by OFFPIPE to generate de  fault values for the 

stiffnesses of cable, pipe support and stinger elements, to define the convergence criteria for the 

Newton-Raphson iteration, and to test for nonzero values in single and double precision 

computations. The CONS record allows the user to redefine the values of these constants, in the 

unlikely event that this should become necessary.  

2. The maximum normalized residual force is calculated by dividing the residual force acting in 

each direction at each node by the internal force acting on the node in the same direction. The 

maximum normalized displacement is calculated by dividing each Newton displacement by a 

reference length which is chosen to represent the length scale of the problem being considered. 
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Purpose:  Define the values of several program control variables used by OFFPIPE (Note 1).  

Keyword: *CONT 

 

Data Field Keywords:  

MXST = Maximum number of Newton iterations permitted in the static solution (default = 200).  

MXDY = Maximum number of Newton iterations permitted in each time step of the dynamic 

solution (default = 50).  

DYNA = Present problem type; static = 0 and dynamic = 1 (optional) (Notes  2,4) .  

DAVI  = Flag used to indicate that the present problem is a davit lift analysis; no = 0 and yes = 1 

(optional) (Notes 2,4).  

STOP = Maximum number of time steps permitted in the dynamic solution (optional) (Notes 

3.4).  

DIME = Number of problem dimensions (2 or 3) (optional) (Notes 2,4).  

====================== 

Notes:  

1. The CONT record (screen) can be used to redefine the values of internal variables and flags 

which are used by OFFPIPE to define the type of problem being solved, or to control the 

number of static or dynamic iterations and time steps taken. These switches are primarily used 

for diagnostic purposes and/or to override or reset OFFPIPE's problem type flags. Control 

Parameters  

2. OFFPIPE scans the input data and automatically sets its internal flags which identify the 

problem type (3-dimensional, dynamic analysis, etc.). However, once these flags have been set, 

there is no mechanism in OFFPIPE for resetting their values if the input data and problem type 

change in a subsequent input data case. The CONT record allows the user to reset the problem 

type flags when the input data is modified in such a way that the type of problem being solved 

changes in an undetectable way from one case to the next Under normal conditions, the CONT 

record is not required to indicate the problem type. 

3. The maximum number of dynamic time steps specified in the STOP field is used to stop a 

dynamic solution before it reaches the end time specified on the TIME record. It is intended to 

be used for diagnostic purposes only.  

4. This facility for redefining OFFPIPE's internal control variables and flags is primarily intended 

for program development and testing purposes and is not a supported feature of OFFPIPE. 

Some of these switch options may be restricted and not accessible by all users This feature is 

subject to being changed or eliminated without prior notice and is not covered by or included in 

any warranties regarding the performance or features of OFFPIPE.  
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Purpose:  Define the velocity profile for a steady current.  

Keyword: *CURR  

 

Data Field Keywords:  

NUMB = Number of water depths for which the current velocity and direction are given (Note 2). 

The following keywords are used to enter tabular data associated with each water depth, 

and to specify the column order in which this data is given. The tabular data to be 

entered is identified, and the column order of the table is defined, by a list of key-words 

(enclosed in parenthesis and separated by commas or blanks) which follows the TABL 

keyword. Once the data and its column order have been specified, the data values are 

entered on N consecutive lines (N = number of depths) in order of increasing depth, 

beginning at the water surface and proceeding to the seabed.  

TABL = Used to specify the column order of tabular data entered for each water depth. The data 

entered and column order in which the data are given are defined by a list of keywords, 

enclosed in parentheses and separated by commas or blanks, which follows the TABL 

keyword. The TABL keyword must be entered after all scalar data (identified by the 

keywords given above) have been specified. See the example.  

DEPT = Water depth at which the specified (feet;meters) (Notes current velocity and direction 

are 1,2).  

VELO = Current velocity (feet/second;meters/second) (Notes 1,2 ).  

DIRE = Direction of current flow (degrees) (Notes 1,2,3).  

====================== 

Notes:  

1. The current velocity vector is assumed to be horizontal with no vertical component. The current 

velocity (VELO field) and direction (DIRE field) can be varied as a function of water depth. 

The current velocity profile is assumed to remain constant over time (steady current), and to be 

the same for all pipe, cable and stinger elements used in each analysis.  

2. Linear interpolation is used to determine the current speed and direction at intermediate points 

between the depths specified in the DEPT field. The first and last values entered will be used 

for any points lying above the minimum or below the maximum water depths specified. If the 

current velocity and direction are constant, only their values at the water surface must be given. 

The number of current data specified, in the NUMB field, should be sufficient to accurately 

define the current profile. 

3. The sign convention used for the current's flow direction, specified in the DIRE field, is the 

same as that used for the laybarge heading and wave direction. The flow direction (angle) is 

positive if it represents a clockwise rotation about the vertical Y axis, when viewed from above 

A current flowing in the direction of the global X axis (parallel to the pipeline right-of-way and 

approaching the laybarge form the stern) has a flow direction of zero degrees. A current flowing 

in the direction of the global Z axis (approaching the laybarge from the port side) has a flow 

direction of +90 degrees. The sign convention for the current flow direction is illustrated in 
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Figure 4-20.  
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Purpose:  Define the lengths and/or tensions of davit cables.  

Keyword: *DAVI 

 

Data Field Keywords:  

NUMB = Number of davits on the laybarge.  

The following keywords are used to enter tabular data associated with each davit, 

and to specify the column order in which this data is given. The tabular data to be 

entered is identified, and the column order of the table is defined, by a list of 

keywords (enclosed in parenthesis and separated by commas or blanks) which 

follows the TABL keyword.  

Once the data and its column order have been specified, the data values are entered 

on N consecutive lines (N = number of davits) beginning at the free end of the 

pipeline and proceeding toward the sagbend.  

TABL = Used to specify the column order of tabular data entered for each davit. The data entered 

and column order in which the data are given are defined by a list of keywords, enclosed 

in parentheses and separated by commas or blanks, which follows the TABL keyword. 

The TABL keyword must be entered after all scalar data (identified by the keywords 

given above) have been specified. See the example.  

LENG = Length of the present davit cable (feet;meters) (optional) (Notes 1,2).  

FORC = Tension in the present davit cable (kips;kN) (optional) (Notes 1,2).  

====================== 

Notes:  

1. The user may specify either the cable length (LENG field) or tension (FORC field) for each 

davit line. The length and tension cannot both be specified for the same davit. If neither the 

cable length nor the tension is specified for any davit, OFFPIPE will estimate the length of the 

cable based on the lengths given for the other davit cables. The length of at least one cable 

(preferably the one nearest the free end of the pipeline) must always be given by the user.  

2. See Section 5.1 for a detailed discussion of davit lift analyses.  
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Purpose:  Enter the properties of davit cable elements into the support property table (Note 1).  

Keyword: *DACB 

 

Data Field Keywords:  

ROW  = Row index of the present davit cable entry in the support property table (Note 2).  

TYPE  = Support type of the present davit cable entry (Notes 3,4):  

5 =  Simple axial force davit cable element (Notes 5,7);  

6 = True catenary davit cable element (Note 6). ELAS = Effective modulus of 

elasticity of the cable; used with the nominal diameter to calculate the axial 

stiffness (EA) of the cable (kips/in2;MPa) (optional) (Note 8).  

DIAM = Nominal diameter of the cable (in;cm) (optional) (Notes 8,9).  

WEIG = Weight per-unit-length of the davit cable (lbs/ft;N/m) (optional) (Note 9).  

====================== 

Notes:  

1. Davit cable elements are considered by OFFPIPE to be a special type of pipe support. The 

physical properties and element type of davit cable elements are defined by entering their values 

into the support property table using the DCAB record. See Section 5.1 for a detailed discussion 

of davit lift analyses and the davit cable models provided by OFFPIPE.  

2. The properties of davit cable elements are assigned by referencing the appropriate row of the 

support property table on the BARG record. When the properties of two or more davit cables 

are the same, a single property table entry can be used for those elements. 

3. For the first six (6) rows of the support property table, the element types specified in the TYPE 

field must be the same as the property table row index given in the ROW field. The fifth 

property table entry must be an axial force (type 5) davit cable element, and the sixth en  try 

must be a catenary (type 6) element. Property table rows numbered greater than six may be used 

to define the properties of any element type. 

4. The properties of pipe support and tensioner elements are entered into the support property table 

using the SUPP record.  

5. For the simple, axial force element (TYPE = 5), the line of action of the cable tension is the 

straight line which joins the davit sling on the pipeline with the point at which the davit cable 

originates on the laybarge. To calculate the davit cable tension, the axial force element considers 

only the elongation of the davit cable. The curvature of the cable is neglected.  

6. The true catenary davit cable element (TYPE = 6) considers both the curvature and elongation 

of the cable when calculating the cable tension, and the direction in which the davit cable forces 

act on the pipeline.  

7. In problems in which the angle and resulting curvature of the davit lines are significant, the true 

catenary davit cable element (TYPE = 6) is more accurate than the simple axial force element 

(TYPE = 5) However, under certain unusual conditions, nonconvergence or very slow 

convergence of the static solution can occur when using the catenary element. The axial force 

davit cable element can be used in these situations.  

8. The axial stiffness (EA) of the davit cable is calculated using the effective modulus of elasticity 

and cable diameter given in the ELAS and DIAM fields. If the modulus of elasticity and   
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cable diameter are not specified, the cable's stiffness is assumed to be proportional to that of the   

first pipe entry in the pipe/cable property table. The cable's default stiffness is sufficiently high 

that the elongation of the cable can usually be neglected.  

9. The weight per-unit-length of the davit cable, entered in the WEIG field, is assumed to be 

constant over its entire length. The difference between the dry and submerged weights of the 

cable is ignored When the weight of the davit cable is not given, its value is estimated using the 

cable diameter entered in the DIAM field. The weight of the cable is assumed to be equal to 

seventy percent (70%) of the weight of a solid steel bar having the same diameter as the cable. 

If the cable diameter is not given, the weight is set equal to zero, and the davit cable element is 

assumed to be an axial force element.  
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Purpose:  Print diagnostic output (Notes 1,2).  

Keyword: *DIAG  

 

Data Field Keywords:  

INIT  = Print the node coordinates and displacement numbers for the initial FEM configuration 

generated by OFFPIPE.  

PROP = Print the contents of the pipe/cable, pipe support and stinger element property tables.  

ELEM = Print the values assigned by OFFPIPE for the element types, end nodes and undeformed 

lengths of all elements, and the un  deformed angles, weights, displacements and 

ballast contents of stinger elements.  

BAND = Print the diagonal index vector and bandwidth vector for the skyline storage algorithm 

used by the global stiffness matrix.  

NORM = Print the L2 norms of the residual force vector and the Newton displacement vector for 

each selected static or dynamic iteration.  

COOR = Print the residual force vector for each selected static or dynamic iteration.  

FORC = Print the nodal coordinates and Newton displacements for each selected static or 

dynamic iteration.  

EXTR = Print the extrapolated values of the node coordinates for each selected dynamic time step.  

EFOR = Print the element end force element coordinate systems, iteration. vectors, expressed in 

terms of the for each selected static or dynamic  

GFOR = Print the element end force vectors, expressed in terms of the global coordinate system, 

for each selected static or dynamic iteration.  

ESTI = Print the element stiffness matrices, expressed in terms of the element coordinate 

systems, for each selected static or dynamic iteration.  

NSTI = Evaluate the element stiffness matrices numerically using finite differences and print the 

results, expressed in terms of the element coordinate systems, for each selected static or 

dynamic iteration.  

DIFF = Display the differences between the analytic and numerical element stiffness matrices 

instead of the numerica stiffness matrices themselves.  

SBEG =  First static iteration for which the diagnostic output is to be printed.  

SEND =  Last static iteration for which the diagnostic output is to be printed.  

GSTI  = Print the element stiffness matrices, expressed in terms of the global coordinate system, 

for each selected static or dynamic iteration.  

STIF  = Print the global stiffness matrix for each selected static or dynamic iteration.  

SUPP = Print the pipe support and stinger element release logic/counter vectors for each selected 

static or dynamic iteration.  

VELO = Print the nodal velocity and acceleration vectors for each selected dynamic iteration. 

MISC = Print miscellaneous diagnostic output.  

STEP = Print the diagnostic output for only this iteration of each time step; if this value is = 0 

diagnostic output will be printed for every iteration. Used in dynamic analyses only.  

DBEG = First dynamic time step for which the diagnostic output is to be printed.  
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DEND = Last dynamic time step for which the diagnostic output is too be printed.  

====================== 

Notes:  

1. Each diagnostic output option is = 1, and turned off by setting its turned on by setting its print 

switch print switch = 0 or leaving it blank.  

2. This diagnostic output facility is intended only for program development and testing purposes 

and is not a supported feature of OFFPIPE. Some of these diagnostic output options are 

restricted and may not be accessible by all users. This feature is subject to being changed or 

eliminated without prior notice and is not covered by or included in any warranties regarding 

the performance or features of OFFPIPE.  
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Purpose:  Mark the end of the usable input data (Notes 1,2). 

Keyword: *END 

 

====================== 

Notes:  

1. Because there are no data fields on the END record, columns five through eighty can be used 

for comments or other descriptive information, as in the above example.  

2. The END record marks the end of the usable part of the input data file. Records placed in the 

file after the END record will not be read by OFFPIPE. An END record can be placed in the 

body of the input data intentionally to prevent OFFPIPE from considering data which follows it. 

The part of the file after the END record can also be used to “save” records containing data, 

such as different pipe sizes and laybarge configurations, which might be useful in future 

analyses. 
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Purpose:  Fix the global coordinates of pipe and/or stinger nodes (Note 1).  

Keyword: *FIXI  

 

Data Field Keywords:  

NUMB = Number of nodal fixities to be entered.  

The following keywords are used to enter tabular data associated with each nodal 

fixity,  and to specify the column order in which this data is given. The tabular 

data to be entered is identified, and the column order of the table is defined, by a 

list of keywords (enclosed in parenthesis and separated by commas or blanks) 

which follows the TABL keyword.  

TABL = Used to specify the column order of tabular data entered for each nodal fixity. The data 

entered and column order in which the data are given are defined by a list of keywords, 

enclosed in parentheses and separated by commas or blanks, which follows the TABL 

keyword. The TABL keyword must be entered after all scalar data (identified by the 

keywords given above) have been specified. See the example.  

NODE = Node number of the node where the fixity is to be applied (Note 2).  

DIRE =  Direction number of the global coordinate direction to be fixed at the above node:  

1 = X axis direction,  

2 = Y axis direction,  

3 = Z axis direction (3-dimensions only),  

4 = Rotation about the X axis (3-dimensions only),  

5 = Rotation about the Y axis (3-dimensions only),  

6 = Rotation about the Z axis.  

FIXI =  Desired nodal coordinate value after the fixity has been applied; the value at which the 

nodal coordinate is to be fixed (feet;meters;degrees) (Note 3).  

====================== 

Notes:  

1. Nodal fixities are used to enforce boundary conditions in the which the position of a node on 

the pipe or stinger must be fixed at a particular point in space.  

2. The node numbers of pipe and cable nodes are printed by OFFPIPE in the standard output 

tables. The node numbers of stinger nodes can be determined using the DIAG record (screen). 

3. When nodal fixities are used, it is important that the nodal coordinate value(s) specified in the 

FIXI field be reasonably close to the initial coordinate value(s) assigned by OFFPIPE when it 

first generates the finite element model. If the fixed coordinate value(s) is not sufficiently close 

to its initial value(s), the Newton-Raphson iteration used by OFFPIPE may converge slowly or 

not at all. The user can exert some control over the initial coordinate values assigned by 

OFFPIPE by varying the stinger angle on the STIN record and by explicitly specifying the 

length of the sagbend on the GEOM record. The initial values of the nodal coordinates can be 

determined using the DIAG record. 



Buoys and Point Flotation Devices  FLOA Record 

 (3-34) 

Purpose:  Model simple buoys and point flotation devices attached to pipe and cable nodes (Note 

1).  

Keyword: *FLOA 

 

Data Field Keywords:  

NUMB = Number of buoys or point flotation devices attached to the pipe or cable.  

The following keywords are used to enter tabular data associated with each buoy, 

and to specify the column order in which this data is given. The tabular data to be 

entered is identified, and the column order of the table is defined, by a list of 

keywords (enclosed in parenthesis and separated by commas or blanks) which 

follows the TABL keyword.  

TABL = Used to specify the column order of tabular data entered for each buoy. The data entered 

and column order in which the data are given are defined by a list of keywords, enclosed 

in parentheses and separated by commas or blanks, which follows the TABL keyword. 

The TABL keyword must be entered after all scalar data (identified by the keywords 

given above) have been specified. See the example.  

NODE = Node number of the node where the buoy is attached to the pipe or cable (Note 2).  

FLOA = Value of the buoyant force exerted on the pipe or cable by the buoy (Note 3) (kips;kN). 

DIST  = Vertical distance from the bottom surface of the pipe or cable to the center of flotation of 

the buoy (Note 4).  

====================== 

Notes:  

1. Buoy elements may be used to represent simple, constant flotation buoys and other point 

flotation devices attached to the pipe or cable The effect of the buoy element is similar to the 

concentrated nodal force which can be specified using the FORC screen, except that the 

flotation provided by the buoy element ceases when the buoy reaches the water surface.  

2. Buoy elements can only be attached at pipe and cable nodes. The node numbers of pipe and 

cable nodes are printed by OFFPIPE in the standard output tables. 

3. The value of the force (FLOA field) exerted on the pipeline by the buoy is positive when the 

force acts in the global Y coordinate direction (upward) .  

4. The force exerted on the pipeline by the buoy ceases when the center of flotation of the buoy 

passes through the water surface, i.e. when the pipe or cable is above the depth given in the 

DIST field. Note that in OFFPIPE, the pipe or cable elevation is always expressed in terms of 

the bottom surface of the pipe or cable. 
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Purpose:  Enter the properties of the pipeline's fluid contents in pipe span analyses. 

Keyword: *FLUI  

 

Data Field Keywords:  

ROW  = Row index of the present pipe entry in the pipe/cable property table (not required at 

present) (Note 1).  

FIXE  = 0ption number used to specify the end fixity for the pipeline (Notes 2,5,7) :  

0 = The ends of the pipeline model are not fixed with respect to axial 

displacement. The effects of fluid pressure and temperature on the elongation 

or contraction of the pipeline can be ignored.  

1 = The ends of the pipeline will be fixed to prevent axial displacement of the pipe 

before applying its fluid con  tents. Consider the effect of fluid temperature 

and pres  sure on the elongation or contraction of the pipeline.  

CAPP = Option number used to select the pipeline “capped end” effect (Notes 2,5,6) :  

0 = Ignore the “capped end” effect when calculating the effect of internal/external 

pressure on the deformed length of the pipeline.  

1 = Include the “capped end” effect when calculating the change in deformed 

length of the pipeline due to internal/external pressure.  

DENS = Weight density of the pipeline's fluid contents (lbs/ft3;N/m3) (Notes  2,4) .  

TEMP = Difference (AT) between the temperature of the pipeline's fluid contents and the ambient 

temperature at the time the pipeline was installed. (degrees F;degrees C) (optional) 

(Notes 2,3).  

PRES = Internal pressure in the pipeline measured at the water surface (lbs/in2;kPa) (optional) 

(Notes 2,4,5).  

====================== 

Notes:  

1. In the present version of OFFPIPE, the fluid contents of the pipeline are assumed to be the same 

for all pipe property table entries.  

2. In pipe span analyses, it is assumed that the pipeline is installed filled with air. The weight of 

the pipe's contents, specified in the DENS field, and the pipeline expansion or contraction 

resulting from the temperature and pressure differentials specified in the TEMP and PRES 

fields, are applied after the pipeline is installed on the seabed.  

If the end fixity option is selected (FIXE = 1), the deformed shape of the pipeline is calculated 

for the dry pipeline using the residual tension specified on the TENS record. The ends of the 

pipeline are then fixed (to prevent longitudinal displacements), the fluid contents are added to 

the pipeline, and its deformed shape is recalculated for the pipeline filled with fluid. 

If the end fixity option is not selected (FIXE = 0), the fluid contents are added to the pipeline 

and its deformed shape is calculated using the residual tension specified on the TENS record. 

The ends of the pipeline are not fixed to prevent longitudinal displacements. 

3. The temperature differential entered in the TEMP field is used to calculate the thermal 

expansion of the pipeline. This temperature differential is normally the difference between the 
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temperature of the pipeline's fluid contents and the temperature of the surrounding water at the 

time the pipeline was installed. If the effective temperature of the pipe wall is less than the 

temperature of its contents (because of heat transfer effects), the temperature differential should 

be calculated using the average temperature of the pipe wall.  

4. The internal pressure specified in the PRES field represents the pres  sure at the water surface. 

Any increase in pressure due to the density of the pipe's fluid contents (DENS field) and the 

change in elevation between the water surface and the seabed will be calculated automatically 

by OFFPIPE.  

5. The internal pressure specified in the PRES field is used to calculate the hoop stresses in the 

pipe wall and the longitudinal stresses due to the so called “capped end” effect. The pressure is 

also used to calculate the longitudinal elongation or contraction of the pipeline due to the hoop 

stresses and (if selected in the CAPP field) the “capped end” effect. For the purposes of 

calculating the external pressure induced contraction of the pipeline, it is assumed that the 

internal pressure, at the time the pipeline was installed, was equal to atmospheric pressure.  

6. The “capped end” effect option should be selected (CAPP = 1) when  ever the pipeline is 

poorly restrained against lateral displacements, or sufficiently long that it can elongate or 

shorten to relieve the longitudinal stresses induced by its internal or external hydrostatic 

pressure.  

7. The ends of the pipeline should not be fixed (FIXE = 0) if the pipeline is too short for the soil 

forces acting on the pipeline to restrain the longitudinal movements resulting from the 

expansion or contraction of the pipeline. 
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Purpose:  Apply concentrated external forces and/or moments at pipe, cable and stinger nodes 

(Note 1).  

Keyword: *FORC  

 

Data Field Keywords:  

NUMB = Number of concentrated external forces and/or moments to be applied at pipe, cable 

and/or stinger nodes. 

The following keywords are used to enter tabular data associated with each nodal 

force, and to specify the column order in which this data is given. The tabular data 

to be entered is identified, and the column order of the table is defined, by a list of 

keywords (enclosed in parenthesis and separated by commas or blanks) which 

follows the TABL keyword. 

TABL = Used to specify the column order of tabular data entered for each concentrated force. 

The data entered and column order in which the data are given are defined by a list of 

keywords, en  closed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

NODE = Node number of the node where the force or moment is to  e applied (Note 2).  

DIRE  = Direction number of the global coordinate direction in which the force or moment acts:  

1 = X axis direction, Concentrated Nodal Forces FORC Record  

2 = Y axis direction,  

3 = Z axis direction (3-dimensions only),  

4 = Moment about the X axis (3-dimensions only),  

5 = Moment about the Y axis (3-dimensions only),  

6 = Moment about the Z axis.  

FORC = Value of the concentrated force or moment applied at the present node 

(kips;kN;kip-feet;kN-meter) (Note 3).  

====================== 

Notes:  

1. Concentrated nodal forces may be used to represent point loadings such as valves, buckle 

arrestors or other fittings attached to the pipeline. Note that buoys and simple point floatation 

devices can be modeled more easily and accurately using the BUOY record.  

2. The node numbers of pipe and cable nodes (NODE field) are printed by OFFPIPE in the 

standard output tables. The node numbers of stinger nodes are printed in the optional output 

tables provided by OFFPIPE for printing the internal forces in the stinger elements This output 

is requested using the PRIN record. 

3. Positive forces (FORC field) act in the positive global X, Y and Z coordinate axis directions. 

Positive moments act in a right hand sense about the global X, Y and Z coordinate axes. Forces 

and moments whose lines of action do not exactly coincide with the global axis directions can 

be specified by entering their X, Y and Z axis components separately on consecutively lines of 
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the FORC record. 
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Purpose:  Define the geometry of the pipe/cable span in the sagbend.  

Keyword: *GEOM  

 

Data Field Keywords:  

LENG = Constant pipe/cable element length to be used in the sagbend and on the seabed 

(feet;meters) (optional) (Note 1).  

DEPT = Water depth (feet;meters) (Note 2).  

XDEP = Global X coordinate of the point on the pipeline right-of-way at which the water depth is 

measured (optional) (feet;meters) (Note 3).  

SPAN = Estimated projected length of the sagbend in the global X coordinate axis direction 

(feet;meters) (optional) (Notes 4,6,9).  

BOTT = Estimated projected length of pipe and cable lying on the sea  bed between the 

touchdown point and the point of fixity at the end of the pipe/cable string; measured in 

the global X coordinate axis direction (feet;meters) (optional) (Notes 5,6,9).  

XTOP = Global X coordinate of the free (upper) end of the pipeline lying on the seabed before 

the lift; required in davit lift analyses only (feet;meters) (optional) (Note 7).  

XBOT = Global X coordinate of the end of the pipe/cable string at the point of fixity at the lower 

end of the sagbend; required in fixed span length pipelay analyses only (feet;meters) 

(optional) (Notes 8,9,12,13).  

SLOP = Slope or angle of the seabed relative to the horizontal plane; required only in analyses in 

which the seabed is not parallel to the water surface (degrees) (optional) (Note 10).  

DIRE  = Direction or heading in which the bottom slope is measured; required only in analyses in 

which the bottom slope is non-zero (degrees) (optional) (Notes 10).  

END  = Option number used to specify the end condition to be modeled at the lower end of the 

pipe/cable string in the sagbend (optional) (Note 11):  

0 = Pipe/cable is lying on the seabed (default),  

1 = Pipe/cable string terminates in a pinned connection. 

FIX  = Option number used to specify whether the length of the pipe/ cable span in the sagbend 

is to be calculated on the basis of the given pipe tension or entered explicitly by the user 

(optional) (Note 12): 

0 = Pipe/cable span length will be calculated for the given pipe tension (default), 

1 = Pipe/cable span length is entered explicitly in the XBOT or SPAN and BOTT 

fields.  

YEND = Depth at the free end of the pipe/cable string in the sagbend; required only in analyses in 

which the free end of the pipe/cable terminates in a pinned connection (feet;meters) 

(optional) (Note 13).  

AEND = Estimated vertical angle at the free end of the pipe/cable string in the sagbend; used only 

in analyses in which the free end of the pipe/cable terminates in a pinned connection 

(degrees) (optional) (Note 14).  

====================== 

Notes:  

1. OFFPIPE requires that the lengths of the pipe/cable elements in the sagbend and on the seabed 
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be specified in the input data. The element lengths determine the spacing between the points 

(nodes) at which the pipe/cable coordinates and stresses or strains are calculated. A constant 

element length can be specified using the LENG field on the GEOM record, or the element 

length can be varied over the length of the sagbend using the LENG record.  

2. This field is used to specify the mean or still water depth. It is required data for all pipe laying 

and davit lift analyses. When the sea  bed has a nonzero slope (e.g. is not parallel to the water 

surface), the point at which the water depth is defined must also be specified by the user. The 

position of the point at which the depth is given is specified by entering its global X coordinate 

in the XDEP field. 

3. This field can be used, in pipelay analyses, to specify the global X co  ordinate of the point at 

which the water depth is defined. Its value must be specified whenever a nonzero value is 

entered for the slope of the seabed in the SLOP field. It is not required when the seabed is 

horizontal (parallel to the water surface). The point at which the water depth is given must lie 

on the pipeline right-of-way.  

4. The span length is the horizontal distance between the stern of the laybarge or stinger tip, and 

the touchdown point on the seabed or the point at which the pipe/cable string in the sagbend 

terminates in a pinned connection. It is measured in the global X coordinate axis direction 

(parallel to the pipeline right-of-way). An estimate for the span length is required by OFFPIPE 

to generate its finite element model of the sagbend. If the pipe tension is specified (FIX = 0) 

and a span length estimate is not given by the user, OFFPIPE will estimate the span length 

internally using a dimensionless table.  

If the pipe tension is not known initially (this is true in a davit lift analysis) or the pipe 

properties vary over the length of the sagbend (as in an abandonment/recovery analysis), 

OFFPIPE's internally generated span length estimate may not be accurate. An inaccurate span 

length estimate can result in slower convergence, or in extreme cases, prevent OFFPIPE from 

finding a feasible initial solution from which to begin its iteration. If either of these problems 

occurs, the SPAN field can be used to override the internally generated span length estimate.  

5. The BOTT field can be used to provide an initial length of pipe and cable lying on the seabed. 

An estimate for the estimate for the length of pipe/cable on bottom is required by OFFPIPE to 

generate its finite element model of the seabed. If an estimate is not provided by the user, one 

will be generated internally by OFFPIPE.  

6. The pipe span and bottom length estimates generated internally by OFFPIPE are usually 

adequate if the pipe/cable properties do not vary dramatically in the sagbend. User defined 

span length and bottom length estimates should only be entered if convergence problems, 

which can be attributed to poor quality initial estimates, have been observed.  

A user defined span length estimate which is longer than the true span length can sometimes 

be used to help OFFPIPE find a feasible initial geometry for the pipe/cable span. In davit lift 

and pipelay analyses in which the position of the pipe is fixed relative to the laybarge, 

specifying an initial span length that is too long can sometimes help OFFPIPE find an initial 

span curve that reaches from the seabed to the stern of the laybarge or stinger.  

7. This field is used, in davit lift analyses only, to specify the global x coordinate of the point at 

which the free end of the pipeline (the end nearest the lift barge) would come to rest if it was 

lying flat on the seabed; i.e. the position of the free end of the pipeline on bottom be  fore 

and/or after the lift. It is required to define the fore/aft position of the lift barge relative to the 
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pipeline.  

The position of the pipeline relative to the barge can be varied during the lift by specifying the 

barge offset in the global X direction on the BARG record. The global Z coordinate of the 

pipeline on the seabed is defined by the position of the pipeline right-of-way. The pipeline is 

assumed to be lying on bottom, along and parallel to the right-of-way before the lift.  

Note that the position of the origin of the global coordinate system is determined by the 

location chosen by the user for the origin of the lift barge coordinate system on the BARG 

record. See Chapter 4 for a discussion of davit lifts and the global coordinate system.  

8. This field can be used, in fixed span length pipelay analyses only, to specify the global X 

coordinate of the point of fixity at the lower end of the pipe/cable string. The point of fixity 

may be a point lying on the seabed, or it can represent a pinned connection positioned either 

above or below the water surface. A fixed span length analysis is requested using the FIX field.  

9. In a fixed span length pipelay analysis (FIX=1), the user specifies both the total (arc) length of 

the pipe/cable string in the sagbend and on the seabed, and the position of the point of fixity at 

the lower end of the pipe/cable string. The total length of the pipe/cable string is determined 

by summing the lengths of the pipe and cable segments specified on PIPE and CABL records. 

The sum of these lengths must be nonzero in a fixed span length analysis. The position of the 

point of fixity can be defined either by:   

specifying the projected length of the pipe/cable span in the sagbend and the length of 

pipe/cable lying on the seabed using the SPAN and BOTT fields, or   

specifying the global X coordinate of the fixed end of the pipe/ cable string using the 

XBOT field.  

Note that in the first method given above, the total projected length of the pipe/cable string is 

calculated by summing the lengths given separately for the sagbend and seabed. Although each 

of these two projected lengths is only considered to be an estimate (OFFPIPE will calculate 

the actual position of the touchdown point), the sum of the two lengths is assumed to be 

exactly equal to the projected length of the pipe/cable string.  

10. The seabed is modeled as a flat, planar surface which can either be horizontal (the default) or 

inclined at an angle relative to the water surface. The orientation of the seabed is defined by 

specifying its slope and the direction (or heading) in which the slope is measured The slope is 

entered in degrees and defined as the angle between the plane of the seabed and a horizontal 

plane which is parallel to the water surface. It must be measured in the direction of maximum 

slope, i.e. the direction in which the water depth increases (positive slope) or decreases 

(negative slope) most rapidly.  

The bottom slope is entered as a positive value when the water depth is decreasing. The sign 

convention used to specify the direction in which the slope is defined is the same as that used 

for the laybarge heading and wave and current directions. The heading is zero when the 

bottom slope is measured in the direction of pipelay (the global X-axis direction). The heading 

is positive if it represents a clockwise rotation about the vertical Y axis, when viewed from 

above. The heading has a value of exactly 90 degrees when it is measured in the global Z-axis 

direction.  

11. The END field can be used, in pipelay analyses only, to specify the end conditions or 

rotational fixity at the lower end of the pipe/cable string in the sagbend or on the seabed. The 

end of the pipe/cable string can either be:  
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lying straight and undisturbed on the seabed (END=0), or  

terminated using a pinned end connection which allows free rotation about all three axes 

(END=1).  

Pinned end connections are primarily used for analyzing pipelay initiation procedures. They 

can be used to model anchors, padeyes, hinged connectors, and other moment-free boundary 

conditions at the end of the pipe/cable string. A pinned connection can be placed either on or 

above the seabed and can be used to simulate:  

a “dead-man” initiation in which a cable is used to attach the pipeline to a fixed anchor 

on the seabed,  

a “hanging” initiation in which a cable is used to attach the pipeline to a fixed point on a 

platform,  

a “catenary riser” initiation which the pipeline is suspended from a riser porch on a fixed 

or floated platform, or  

a “stab-in” connection in which the pipeline is attached to a hinged connector on or near 

the sea floor.  

12. The FIX field can be used, in pipelay analyses only, to specify that an analysis is to be 

performed as a fixed span length analysis. A fixed span length analysis (FIX=1) is one in 

which the pipe/cable tension is defined implicitly by specifying both the (arc) length of the 

pipe/cable string, and the projected length of the pipe/cable in the global X axis direction. In a 

fixed span length analysis, OFFPIPE uses iteration to calculate the pipe/cable tension in the 

sagbend as part of the static solution. In a conventional pipelay analysis (FIX=0), the 

pipe/cable tension is specified explicitly on the TENS record, and the length of the pipe/cable 

span is determined using iteration.  

Fixed span length analyses in which the lower end of the pipeline is lying on the seabed are 

useful for modeling certain types of abandonment and recovery procedures. For example, in an 

abandonment the position of the laybarge can be held fixed, by specifying a constant X 

coordinate for the end of the pipeline on the seabed, while the upper end of the pipe is lowered 

to the bottom by increasing the length of the cable segment on the laybarge.  

Fixed span length analyses can also be used to study problems in which the laybarge is 

displaced forward or aft while the length of the pipe/cable string in the sagbend is held fixed. 

Similarly, fixed span length analyses can be used to solve problems in which the pipe in the 

sagbend is in compression, and a solution cannot be obtained by specifying the pipe tension 

because the resulting mathematical model would be unstable.  

Note that although the pipe tension is not required as input data for fixed span length pipelay 

analyses, a value for the tension can still be entered using the TENS record. If given, this value 

will be used by OFFPIPE as an initial estimate of the pipe tension for its Newton iteration. If it 

is not specified, the pipe tension will be estimated internally by OFFPIPE. In some problems, a 

good user supplied tension estimate can improve the convergence of OFFPIPE.  

Note also that in fixed span length analyses, the (arc) length of the pipe/cable string is always 

exactly equal to the sum of the lengths entered on the PIPE and CABL screens. OFFPIPE will 

not extend the pipe/cable model beyond its specified length by continuing to use the last pipe 

or cable entry in the property table, as it does in a conventional pipelay analysis. Care should 

be used to ensure that the specified length of the pipe/cable string is correct. It is usually best 

to perform a conventional pipelay analysis (in which the tension is given) that is similar to the 
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desired fixed span length analysis, to estimate the length of the pipe/cable span, before a fixed 

length span analysis is attempted.  

13. This field is used, in pipelay analyses only, to specify the depth of the free end of the 

pipe/cable string when the pipe/cable string termi  nates in a pinned connection (END=1). It 

is required data and must always be entered when a pinned end connection is used. When the 

pipe/cable string terminates in a pinned connection, the global Y co  ordinate of the 

connection point is assumed to be fixed. Note that the depth of the pinned connection is 

entered as a positive value when the end of the pipe/cable string is below the water surface.  

14. This field can be used, in pipelay analyses only, to provide an initial estimate for the vertical 

angle of the pipe/cable at the end of the pipe/cable span in the sagbend. It can be entered only 

when the pipe/cable string terminates in a pinned connection (END=1). If given, it will be 

used by OFFPIPE as the starting value for its internal Newton iteration. If no value is specified, 

OFFPIPE will generate an initial estimate for the angle of the pipe/cable using an approximate 

solution technique.  

This field is provided so OFFPIPE's internally generated angle can be replaced in cases in 

which a more accurate value is known by the user. The pipe/cable angle is defined as the angle 

between the longitudinal axis of the pipe/cable and the horizontal X-Z plane. It is negative if 

the end of the pipe/cable string slopes downward in the direction of the laybarge. For a 

hanging initiation, this angle would normally be negative. For a stab-in connection on the 

seabed, the angle would normally be positive. 
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Purpose:  Generate time history plots for dynamic analyses (Notes 1,2,3).  

Keyword: *HIST 

 

Data Field Keywords:  

ROW  = Row index of the present time history plot table entry (Note 4).  

NUMB = Plot number of the present time history plot table entry (optional) (Note 5).  

NODE = Node number of the pipe or cable node at which the parameter to be plotted is defined 

(Note 6).  

TITL  = Alphanumeric title for the present plot; may be up to 56 characters in length (optional) 

(Note 10).  

ORDL = Alphanumeric label for the ordinate or vertical axis (the parameter to be plotted); may 

be up to 32 characters in length (optional) (Note 10).  

ABSL = Alphanumeric label for the abscissa or horizontal axis (time); may be up to 32 characters 

in length (optional) (Note 10).  

ORDI = Index used to select the output parameter to be plotted as a function of time (Note 7):  

1 = X coordinate of the pipe or cable.  

2 = Y coordinate of the pipe or cable.  

3 = Z coordinate of the pipe or cable (3-dimensions).  

4 = Horizontal angle of the pipe or cable (3-dimensions).  

5 = Vertical angle of the pipe or cable.  

6 = Pipe or cable length, measured from the first station on the laybarge or the free 

end of the pipe/cable string.  

7 = Vertical pipe support reaction.  

8 = Vertical pipe support separation.  

9 = Pipe tension.  

10 = Vertical bending moment.  

11 = Tensile stress or strain.  

12 = Hoop stress or strain.  

13 = Vertical bending stress or strain.  

14 = Total or Von Mises equivalent stress or strain.  

15 = Percentage of the yield stress or allowable strain repre  sented by the total 

stress or strain.  

16 = Horizontal bending stress or strain (3-dimensions).  

17 = Horizontal pipe support reaction (3-dimensions).  

18 = Horizontal pipe support separation (3-dimensions).  

19 = Horizontal bending moment (3-dimensions).  

20 = Total or combined bending moment (3-dimensions).  

21 = Seabed elevation or Y coordinate (span analyses).  

22 = Angle of twist of the pipe or cable.  

BEGI  = Time at which the time history plot begins (optional) (Note 9).  
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END  = Time at which the time history plot ends (optional) (Note 9).  

OMIN = Minimum displayed value of the parameter plotted as a function of time; used to 

determine the range of the ordinate or vertical axis (optional) (Note 9).  

OMAX = Maximum displayed value of the parameter plotted as a function of time; used to 

determine the range of the ordinate or vertical axis (optional) (Note 9).  

====================== 

Notes:  

1. In dynamic analyses, the HIST record can be used to save data required to plot the time history 

of any of the parameters (pipe node coordinates, internal forces, stresses, etc.) calculated and 

printed by OFFPIPE in the standard output tables. The HIST record also allows the user to 

specify a plot title, labels for the plot axes, and the range of the plotted data.  

2. When the HIST record is entered, several user readable (ASCII) plot data files are generated 

by OFFPIPE. These plot files are documented in Appendix A. 

3. The value of the output parameter being plotted is saved each time the dynamic solution is 

sampled by OFFPIPE for the purpose of generating the printed output. The sampling time step 

length is specified on the TIME record.  

4. The information entered on the HIST record is stored by OFFPIPE in an internal time history 

plot table. The row index given in the ROW field specifies the row of the plot table in which 

the plot information is stored. The row index can be used to reference and/or modify time 

history plot requests.  

5. The plot number, given in the NUMB field, is a user defined, integer reference number that is 

used by OFFPIPE to identify each plot Time history plot requests having the same plot number 

will be superimposed (drawn on the same sheet of paper). There is no limit to the number of 

plot requests that can have the same plot number, as long as the units of the plotted variables 

are consistent. OFFPIPE can superimpose plots using up to two (2) different sets of units. For 

example, the pipe stress at the stinger tip can be superimposed on a plot of the Y coordinate of 

the corresponding pipe node.  

6. The values of output parameters are calculated by OFFPIPE only at pipe and cable nodes. The 

node number specified in the NODE field identifies the pipe or cable node at which the desired 

plot parameter is to be found.  

7. The parameter plotted on the ordinate or vertical axis (specified in the ORDI field) can be any 

of the parameters printed by OFFPIPE in its standard output tables. These parameters are 

described in detail in Section 6.  

8. User defined alphanumeric labels, which identify the parameters being plotted (ABSL and 

ORDL fields) and the plot title (TITL field), are included in all plots generated by OFFPIPE.  

9. The upper and lower bounds specified in the BEGI, END, OMIN and OMAX fields can be 

used to explicitly define the ranges of the plot axes. If limits are not specified for the ordinate, 

its range will be determined automatically using the default range selection algorithm chosen 

on the PLTR record. If limits are not specified for the abscissa, its range will be determined by 

the sampling time limits specified on the TIME record. Note that the range limits for the 

ordinate must be specified in pairs. If, for example, an upper bound is specified, a matching 

lower bound must also be given.  

10. The character strings entered for the plot title and axis labels, in the ABSL, ORDL and TITL 

fields, must be enclosed using single quotes (apostrophe's) or double quotation marks as 
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shown in the example The plot title and axis labels may contain any printable ASCII character 

except apostrophe's, quotation marks and parentheses. These characters are not allowed 

because they are also used to delimit strings in the input data file. 
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Purpose:  Vary the lengths of pipe and/or cable elements in the sag  bend (Notes 1,2).  

Keyword: *LENG 

 

Data Field Keywords:  

NUMB = Number of sagbend pipe and/or cable element length entries to be given.  

The following keywords are used to enter tabular data associated with each element 

length, and to specify the column order in which this data is given. The tabular data 

to be entered is identified, and the column order of the table is defined, by a list of 

keywords (enclosed in parenthesis and separated by commas or blanks) which 

follows the TABL keyword.  

TABL = Used to specify the column order of tabular each element length. The data entered and 

data entered for column order in which the data are given are defined by a list of 

keywords, enclosed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

NUMB = Number of consecutive pipe and/or cable elements to be given the element length 

specified below (Note 3).  

LENG = Element length to be used for the next NUMB pipe and/or cable elements (feet;meters) 

(Notes 2,3).  

====================== 

Notes:  

1. OFFPIPE requires that the lengths of pipe and cable elements in the sagbend and on the seabed 

be specified in the input data. A constant element length can be specified on the GEOM record, 

or the element lengths can be varied using the LENG record.  

2. The pipe and/or cable element lengths in the sagbend can be varied to increase the accuracy of 

the calculated pipe stresses near the stinger tip and touchdown point, or to reduce the number of 

nodes in the sagbend.  

If the average pipe and/or cable element length on the stinger is much less than the desired 

element length in the sagbend, it is recommended that the LENG record be used to provide a 

smooth transition from the short element length used on the stinger to the increased length used 

in the sagbend. In general, it is recommended that the maximum change in length between two 

adjacent elements be no more than fifty percent of the length of the shorter element.  

In cases involving very deep water or very in the sagbend, it may also be desirable long 

pipe/cable elements to reduce the element length, near the touchdown point, to accurately 

sudden increase in the pipe stresses which occurs near down point. pipe/cable model the 

touchdown point. 

3. The lengths of pipe and cable elements are assigned, in order, beginning at the stinger tip or 

stern of the laybarge and proceeding to the point of fixity on the seabed. The element length 

given in the first line following the TABL keyword is used for the first N elements, where N is 

the number of pipe/cable elements specified in the NUMB field of the first line. The next length 
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specification is then used for the number of elements specified on the second line, and so forth, 

until the lengths of all pipe/cable elements in the sagbend and on the seabed have been defined.  

If the total length of the pipe and/or cable in the sagbend and on the seabed exceeds the sum of 

the specified element lengths, the last element length given will be used for the remaining 

elements. If the total length is less than the sum of the specified element lengths, any remaining 

element length specifications will be ignored. 
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Purpose:  Specify a nonlinear moment curvature relationship for the pipe.  

Keyword: *MOME 

 

Data Field Keywords:  

ROW = Row index of the present pipe entry in the pipe/cable property table (Notes 1,8).  

EQUA = Option number used to specify the way in which the nonlinear moment-curvature 

relationship is defined (Notes 2,3,4):  

1 = Enter the Ramberg-Osgood equation's coefficient and exponent explicitly in the 

input data,  

2 = Use a built-in, default equation whose coefficient and exponent are based on 

the yield strength of pipe steel,  

3 = Specify the values of the dimensionless curvature (K/Ky) and bending moment 

(M/My) at two points on the curve.  

COF1 = Ramberg-Osgood equation coefficient (A) used to calculate the pipe bending stiffness 

and deformations; required only with option (1) above (optional) (Notes 2,5).  

EXP1 =  Ramberg-Osgood equation exponent (B) used to calculate the pipe bending stiffness and 

deformations; required only with option (1) above (optional) (Notes 2,5).  

RAT1  = Ratio of the actual yield strength of the pipe steel to its nominal yield strength; used to 

calculate the pipe bending stiffness and deformations; required only with option (2) 

above (optional) (Notes 5,6). Nonlinear Moment Curvature  

CRVA = Dimensionless pipe curvature (K/Ky) at the first curve-fit point; used to calculate the 

pipe bending stiffness and deformations; required only with option (3) above (optional) 

(Notes 4,5,7).  

MOMA = Dimensionless bending curve fit point; used to deformations; required (Notes  4,5,7) . 

moment (M/My) in the pipe at the firstcalculate the pipe bending stiffness and  only 

with option (3) above (optional)  

CRVB = Dimensionless pipe curvature (K/Ky) at the second curve fit point; used to calculate the 

pipe bending stiffness and deforma  tions; required only with option (3) above 

(optional) (Notes 4,5,7).  

MOMB= Dimensionless bending moment (M/My) in the pipe at the sec  ond curve fit point; 

used to calculate the pipe bending stiffness and deformations; required only with option 

(3) above (optional) (Notes  4,5,7) .  

COF2 = Ramberg-Osgood equation coefficient (A) used to calculate the pipe strains in the output; 

used only with option (1) above (op  tional) (Notes 2,5).  

EXP2 = Ramberg-Osgood equation exponent (B) used to calculate the pipe strains in the output; 

used only with option (1) above (op  tional) (Notes 2,5).  

RAT2  = Ratio of the actual yield strength of the pipe steel to its nominal yield strength; used to 

calculate the pipe strains in the output; used only with option (2) above (optional) (Notes 

5,6).  

CRVC = Dimensionless pipe curvature (K/Ky) at the first curve-fit point; used to calculate the 

pipe strains in the output; used only with option (3) above (optional) (Notes 4,5,7).  
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MOMC = Dimensionless bending moment (M/My) in the pipe at the first  curve fit point; used to 

calculate the pipe strains in the output; used only with option (3) above (optional) (Notes 

4,5,7). Nonlinear Moment Curvature  

CRVD = Dimensionless pipe curvature (K/Ky) at the second curve fit point; used to calculate the 

pipe strains in the output; used only with option (3) above (optional) (Notes 4,5,7).  

MOMD= Dimensionless bending moment (M/My) in the pipe at the sec  ond curve fit point; 

used to calculate the pipe strains in the output; used only with option (3) above (optional) 

(Notes 4,5,7).  

====================== 

Notes:  

1. The MOME record can be used to substitute a nonlinear moment curvature relationship for the 

constant bending stiffness (El) normally assumed for the pipe. The row index given in the ROW 

field identifies the pipe entry in the pipe/cable property table for which the moment-curvature 

relationship is to be used. See Sections 4.4.1 and 4.9 for detailed descriptions of the pipe/cable 

property table and nonlinear moment-curvature relationships.  

2. The nonlinear moment curvature relationship for the pipe is always assumed to be defined by a 

Ramberg-Osgood equation of the form:  

K/ Ky = M/ My + A( M/ My)
B
 

where K and M are the pipe curvature and bending moment, and A and B are the 

Ramberg-Osgood equation's coefficient and exponent respectively. The yield curvature Ky and 

yield moment My are given by: 

)/(2 EDK yy   

and,  

DIM ycy /2   

where: E = modulus of elasticity of the pipe steel; 

D = diameter of the pipe steel; 

Ic = cross sectional moment of inertia of the pipe steel; 

y  = nominal yield stress of the pipe steel.  

Note that the yield moment My is proportional to the cross sectional moment of inertia of the 

pipeline.  

3. The user can define a nonlinear moment curvature relationship for the pipe by:  

1 = explicitly entering the values of the coefficient (A) and exponent (B) for the 

Ramberg-Osgood equation which defines the moment curvature relationship for the 

pipe,  

2 = selecting an internally generated, default form of the Ram  berg-Osgood equation in 

which the values of the coefficient and exponent are calculated using empirical 

equations based on the actual yield strength of the pipe steel,  

3 = specifying the values of the dimensionless curvature (K/Ky) and dimensionless bending 

moment (M/My) for the pipe at two points in the moment-curvature relationship, and 

letting OFFPIPE use these values to calculate the coefficient and exponent for the 

Ramberg-Osgood equation.  
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See Section 4.9 for a detailed description of the use of nonlinear moment-curvature 

relationships for the pipe.  

4. The values of the dimensionless curvature K* and dimensionless bending moment M* are given 

by:  

K*=K/Ky 

and 

M*= M/My 

5. Two separate Ramberg-Osgood equations can be specified for each pipe property table entry. 

The first equation is used to define the bending stiffness of the pipe, determine the deformed 

geometry of the pipeline, and calculate the resulting internal forces in the pipe. If desired, a 

second, independent Ramberg-Osgood equation can be used to calculate the bending strains in 

the pipe for the printed out  put. The use of two independent Ramberg-Osgood equations 

allows the internal forces in the pipe to be calculated taking into account the stiffening effects of 

the pipe coatings, while the pipe strains printed in the output are calculated considering only the 

bare pipe at the field joints. When a second Ramberg-Osgood equation is not specified, the 

coefficient and exponent used to calculate the pipe Nonlinear Moment Curvature strains are 

assumed to be the same as those used to define the pipe stiffness.  

Note that the stiffening effect of the pipe coatings can also be modeled by specifying an 

increased value for the coated moment of inertia on the PIPE record. If the value given for the 

coated moment of inertia is greater than the moment of inertia of the bare pipe, the 

moment-curvature relationship for the pipe will become stiffer because of the presence of the 

coated moment of inertia in the denominator of the dimensionless bending moment. The 

stiffened equation will be used only to calculate the deformed geometry of the pipeline and the 

internal forces in the pipe. The stiffened equation will not, be used to calculate the pipe strains 

in the printed output. As in a linear analysis, the pipe strains will always be calculated using 

only the properties of the bare pipe.  

6. This field is used to specify the ratio of the actual yield strength of the pipe steel to its nominal 

yield stress, as entered on the PIPE rec  ord. It is required data only when the bending stiffness 

of the pipe is modeled using OFFPIPE's built-in, default moment-curvature rela  tionship 

(option 2).  

The default moment-curvature relationship is a Ramberg-Osgood equation in which the 

coefficient and exponent are given by empirical equations based on the actual yield strength of 

the pipe steel. The actual yield strength of the pipe is defined by entering its yield strength ratio 

in the RAT1 and RAT2 fields. The yield strength ratio is the ratio of the actual yield strength of 

the pipe steel to its nominal or minimum specified yield strength (SMYS). It is used to correct 

for normal differences between the measured yield strength of the pipe steel and its nominal 

value. The yield strength ratio is usually in the range (1 < R < 1.3).  

The default Ramberg-Osgood equation has been chosen to approximate the nonlinear bending 

stiffness of “typical” or “average” pipe steels. It is provided for use in analyses in which the 

actual properties of the pipe steel are not known, or when only an approximation for the 

nonlinear behavior of the pipe materials is required. It should be noted that the properties of 

pipe steels can vary dramatically as a result of differences in the pipe grade, chemistry and 

manufacturing process. The default moment-curvature relationship is not intended to be a 

substitute for curves based on the actual properties of the pipe materials being modeled, when 
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this information is available. Accurate measured curves should always be used when a precise 

model of the pipe's material properties is required. Note that the default moment-curvature 

relationship does not at present take into account the D/t ratio of the pipe.  

The yield strength ratio must always be entered when the default moment-curvature relationship 

is requested.  

7. The values of the dimensionless curvature K* and bending moment M* are entered in order of 

increasing curvature. The first pair of values entered must correspond to the smaller of the two 

curvatures given. The second pair of values given must correspond to the larger of the two 

curvatures.  

8. Please note that in version 2.05 of OFFPIPE, a nonlinear moment curvature relationship cannot 

be specified for any pipe property table entry that is used in a pipe bundle defined with the 

BUND record. 
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Purpose:  Enter the physical properties of a single pipe segment into the pipe/cable property 

table.  

Keyword: *PIPE  

 

Data Field Keywords:  

ROW = Row index of the present pipe entry in the pipe/cable property table (Note 1).  

LENG = Length of the present pipe segment in the pipe/cable string (feet;meters) (optional) (Note 

2).  

ELAS = Modulus of elasticity of the pipe steel (default E = 28,500 ksi; = 196,500 MPa) (ksi;MPa) 

(optional).  

AREA = Effective cross sectional area of the pipe steel (inch2;cm2) (optional) (Note 3).  

INER = Average moment of inertia of the pipe, including any contributions due to the pipe 

coatings (inch4;cm4) (optional) (Note 3).  

WEIG = Weight per-unit-length of the coated pipeline in air (lbs/ft;N/m) (optional) (Note 4).  

SUBM = Weight per-unit-length of the coated pipeline in water (lbs/ft; N/m) (optional) (Note 4).  

STRA = Maximum allowable pipe strain; required only when a nonlinear moment curvature 

relationship is used, or the pipe strains are requested in the printed output (optional) 

(Note 5).  

POIS  = Poisson's ratio for the pipe steel; required in pipe span analy  ses only to calculate the 

change in pipe length due to internal/external pressure (default = 0.3) (optional).  

DIAM = Outside diameter of the pipe steel (inch;cm).  

WALL = Wall thickness of the pipe steel (inch;cm).  

YIEL = Yield stress for the pipe steel (ksi;MPa) (Note 5).  

INTE = Stress intensification factor applied to all calculated bending stresses/strains (default SIF 

= 1.0) (optional) (Note 6). 

HYDR = Outside diameter of the pipe including coatings; used to calculate the pipe displacement 

and hydrodynamic drag force acting on the pipe (inch;cm) (optional) (Note 4).  

CD =  Drag coefficient; used to calculate the hydrodynamic drag force acting on the pipe 

(default Cd = 0.8) (optional) (Note 7).  

DISP  = Displaced volume per-unit-length for the coated pipeline; used to calculate the pipe 

displacement and hydrodynamic inertial force acting on the pipe (inch2;cm2) (optional) 

(Note 4).  

CM = Added mass coefficient; used to calculate the hydrodynamic in  ertial force acting on 

the pipe (default Cm= 1) (optional) (Note 7).  

THER = Coefficient of thermal expansion for the pipe steel; used in pipe span analyses only to 

calculate the change in pipe length due to a temperature differential between the pipe's 

fluid contents and surrounding water (default = 6.0e-6 l/deg F; = 1.08e-5 1/deg C) 

(optional).  

====================== 

Notes:  

1. In a normal pipelay analysis, OFFPIPE models the pipeline (and cable) as a continuous string 

which extends from the line-up station on the laybarge to a point of apparent fixity on the 
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seabed. When more than one length of pipe or cable is required to model the complete 

pipe/cable string, the properties of each pipe and cable segment are entered into the property 

table using a different row for each segment. OFFPIPE assembles the complete pipe/cable 

string by scanning the property table and joining the pipe and cable segments together, 

end-to-end, in the order in which they appear in the table. The properties of the first entry in the 

table are used for the first pipe or cable segment on the laybarge. The properties of the second 

entry are used for the second segment, and so forth, until all required pipe and cable segments 

have been used. Note that the data entered in the pipe/cable property table do not have to be 

assigned to adjacent rows. OFFPIPE will automatically skip over any empty rows when 

assembling the pipe/cable string. See Section 4.4.1 for a detailed description of the pipe/cable 

property table.  

2. In pipe laying analyses in which the pipe tension is specified, and the pipe/cable string 

terminates normally on the seabed, the total length of the pipe/cable string is determined by 

OFFPIPE as part of its static solution. If the total length (specified in the LENG field) of all 

entries in the pipe/cable property table is less than the calculated length of the pipe/cable string, 

the properties of the last entry in the table will be extended, as necessary, and used for any 

remaining pipe or cable elements. If the total length specified exceeds the calculated length of 

the pipe/cable string, any property table entries that are not needed to define the string will be 

ignored. When only one property table entry is given, it is not necessary to specify its length be  

cause it will automatically be extended, as required, to define the complete pipe/cable string.  

In pipelay analyses in which (1) the pipe/cable span in the sagbend terminates at a pinned 

connection, or (2) the pipe tension is defined implicitly by specifying the arc length and 

projected length of the pipe span, the length of the pipe/cable string cannot be extended or 

truncated by OFFPIPE. In these analyses, the length specified for each pipe segment must be 

entered exactly because it will be used to define the total length of the pipe/cable string. Pinned 

end and fixed span length analyses are requested on the GEOM record. 

3. The values of the cross sectional area and coated moment of inertia, specified in the AREA and 

INER fields, are used only to define the average axial and bending stiffnesses of the pipeline for 

the purpose of calculating its internal forces and deformed geometry. They are included on the 

PIPE record so the pipe stiffnesses can be increased, for example, to model the stiffening effect 

of the pipe coatings. They are not used to calculate the pipe stresses and strains printed in the 

output. The pipe stresses and strains are calculated using the diameter and wall thickness of the 

bare pipe entered in the DIAM and WALL fields (i.e. the properties at the field joints). If either 

the cross sectional area or coated moment of inertia is not specified, its value will be calculated 

using the given pipe diameter and wall thickness.  

4. If the pipe's weight-in-air, submerged weight, external diameter or external area (specified in 

the WEIG, SUBM, HYDR and DISP fields) is not given, its value will be calculated by 

OFFPIPE using the pipe dimensions and coating properties given on the PIPE and COAT 

records.  

5. The values of the yield stress and allowable strain, given in the YIEL and STRA fields, are used 

to express the pipe stresses and strains calculated by OFFPIPE as a percentage of their 

maximum allowable values. The maximum allowable strain must be entered only when a 

nonlinear moment curvature relationship is specified for the pipe (using the MOME record), or 

the use of pipe strains is specifically re  quested on the PRIN record. When a nonlinear 
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moment-curvature relationship is used, the calculated pipe stresses are automatically replaced in 

the output by the pipe strains. Note that the yield stress is always required input, even if the pipe 

stresses are not calculated When a nonlinear moment-curvature relationship is specified, the 

yield stress is needed to calculate the dimensionless moment M* and curvature K* used in the 

Ramberg-Osgood equation.  

6. The bending stresses and bending strains calculated for the pipe are multiplied by the stress 

intensification factor (SIF) given in the INTE field. This SIF can be used to model unusual 

effects such as a shift in the neutral axis of the pipe or weld defects at the field joints. This SIF 

is not required to calculate the increased bending stresses which occur at the field joints when 

the average moment of inertia of the pipe is increased to reflect the stiffening effect of the pipe 

coatings In this case, the pipe stresses are calculated correctly because they are based on the 

properties of the bare pipe.  

7. The hydrodynamic forces acting on the pipeline are calculated using Morison's equation. See 

Section 4.6 for a discussion of Morison's equation and definitions of the coefficients CD and 

CM. 
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Purpose:  Enter information about the user's plot hardware (Note 1). 

Keyword: *PLTR 

 

Data Field Keywords:  

TYPE = Index for the type of plotter being used (Note 1):  

1 = Tektronics PLOT-IO compatible.  

2 = Hewlett Packard HP-GL compatible.  

3 = Hewlett Packard Laser Jet III or later compatible.  

RANG = Default method used to calculate the scale or range of the data on each plot's horizontal 

and vertical axes when the range is not specified explicitly on the PROF and HIST 

records (Note 2):  

1 = the axes are scaled in such a way that the maximum and minimum values 

displayed are “round numbers” (this is the default mode).  

2 = the axes are scaled in such a way that the data almost fills the area availa le for 

plotting.  

WIDE = Page width of the paper used in the plotter (inches;cm) (Note 3) (default = 8.5 inches; = 

210 mm).  

HEIG = Page height of the paper used in the plotter (inches;cm) (Note 3) (default = 11 inches; = 

297 mm).  

====================== 

Notes:  

1. OFFPIPE can generate hardware specific plot files for use by plotters, graphic displays and 

software programs which are compatible with the devices listed under the TYPE field. A 

hardware specific plot file is one which will generate a plot directly, without translation, when it 

is copied or written to the specified plotting device. A hardware specific plot file cannot be 

created by OFFPIPE unless the type of plot  ting device to be used is indicated on the PLTR 

record.  

2. When method (1) is chosen, the range of the data plotted on each axis is expanded, if necessary, 

to ensure that upper and lower limits for the data are “round numbers” (i.e. numbers that are 

divisible by 10, 20, 50, 100 …, etc.). When method (2) is selected, the horizontal and vertical 

axes are scaled in such a way that the data almost fills the area available for plotting. Method (1) 

usually produces a plot that is pleasing visually but smaller than that produced using method (2). 

Regardless of which method is chosen, the range of each ~ axis can be defined explicitly using 

maximum and minimum values specified by the user on the PROF and/or HIST records. 

3. The page size of plots generated by OFFPIPE is assumed to be 11.0 inches wide by 8.5 inches 

high (29.7 cm by 21.0 cm when S.I. units are selected on the HEAD record). If the actual width 

or height of the plot page is different from these values, these two fields can be used to specify 

the correct page dimensions. Note that plots generated by OFFPIPE are meant to be displayed 

on a page with the approximate width-to-height ratio of an “A'I size drawing. If the aspect ratio 

of the actual plot page is substantially different, the plots may not be properly proportioned for 

the best possible appearance. 
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Purpose:  Select the output printed by OFFPIPE (Notes 1,2).  

Keyword: *PRIN 

 

Data Field Keywords:  

STAT = Print the standard output table(s) containing the static values of the pipe node 

coordinates, internal forces, stresses or strains, and support reactions (default = 1).  

SUMM = Print a summary of the reduced size, eighty (80) input data and static solution using a 

column report format (default = 1).  

SUPP = Print the calculated coordinates of the pipe supports on the laybarge and stinger 

(optional) (default = 0) (Note 4).  

BALL = Print tables of data which ballast schedule (optional) can be used to estimate the stinger 

(default = 0).  

DYNA = Print the standard output table(s) containing the maximum dynamic values of the pipe 

node coordinates, internal forces, stresses or strains, and support reactions (default = 1).  

RANG = Print the standard output table(s) containing the dynamic range of the pipe node 

coordinates, internal forces, stresses or strains, and support reactions (default = 1).  

TRAC = Print the standard output table(s) containing the instantaneous dynamic values of the 

pipe node coordinates, internal forces, stresses or strains, and support reactions each 

time the dynamic solution is sampled (optional) (default = 0).  

PLOT = Print summaries of the contents of the profile and time history plot data files (optional) 

(default = 0) (Note 5).  

STIN  = Print the internal dynamic solutions forces in the stinger model (optional) (default = 0) 

(Note for the static and  

STRA = Print the pipe strains in place of the stresses in the standard output tables for the static 

and dynamic solutions (optional) (default = 0) (Note 3).  

DNVS = Calculate the pipe stresses in the printed output using the DNV formula instead of the 

standard Von Mises equation (optional) (default = 0) (Note 7).  

THIC = Calculate the hoop stress or mula for a thick wall cylinder strain in the pipe using the 

for(optional) (default = 0) (note 8).  

WARN = Do not pause execution to display nonfatal warnings and informative messages (optional) 

(default = 0) (Note 9).  

====================== 

Notes:  

1. The default print selections apply only if the PRIN record (screen) is not entered. When the 

PRIN record is entered, only the print options actually selected will be printed. Thus, all desired 

print options must be chosen whenever the PRIN record is entered. See Section 6 for a detailed 

discussion of the different kinds of printed output produced by OFFPIPE.  

2. A print option is selected by setting its print switch = 1. An option is turned off by setting its 

print switch = 0 or leaving it blank. 

3. The pipe stresses are printed in OFFPIPE's standard output tables, as the default, when the pipe 

is linearly elastic. The pipe strains are automatically printed, in place of the stresses, if the 

bending stiffness of any pipe property table entry is given by a nonlinear moment-curvature 
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relationship. The STRA field can be used to force OFFPIPE to print the pipe strains when a 

nonlinear moment  curvature relationship has not been entered. A nonlinear moment  

curvature relationship is specified using the MOME record.  

4. This field can be used to print the exact coordinates calculated by OFFPIPE for the pipe 

supports on the barge and stinger. The coordinates will be printed in both the global coordinate 

system and in the local laybarge oriented coordinate system used to specify the positions of the 

supports in the input data. This information can be helpful when defining the pipe support 

elevations for an actual lay  barge or stinger.  

5. When OFFPIPE saves data for plotting or graphic display purposes, it generates several ASCII 

plot-data files which can be used as input by user supplied, third party presentation graphics   

programs such as Lotus 123, etc. When this print option is selected, OFFPIPE prints optional 

tables which summarize the contents of the plot-data files and may assist the user in reading and 

using the files.  

6. The stinger element end forces are the internal forces at the ends of the beam elements used to 

construct OFFPIPE's finite element model of the stinger. The end forces are expressed in terms 

of the principle axes of each stinger element. If this option is selected, the stinger element end 

forces will be printed for each standard output table option selected by the user. If the user 

selects the standard output for the static solution, the static stinger element end forces will also 

be printed. If the user selects the dynamic range output, the dynamic range of the stinger 

element end forces will be printed, and so forth.  

7. The total pipe stress is calculated using the following equation:  

2/122
)( hooplonghooplongtotal    

Where: total = the total, combined pipe stress at a point, 

long = the longitudinal stress in the pipe, and 

hoop = the circumferential stress in the pipe due to internal or external hydrostatic 

pressure. 

In the Von Mises form of the above equation (the default), the longitudinal pipe stress is given 

by:  

bendingaxiallong    

Where: axial = the longitudinal stress due to the pipe tension and external hydrostatic pressure, 

and 

bending = the bending stress in the pipe. 

The DNV equation is taken from Section (4.3.2.6) of the DNV's “Rules for Submarine Pipeline 

Systems - 1981”. In the DNV form of the above equation, the longitudinal pipe stress is given 

by:  

bendingaxiallong  *85.0  
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Note that the Von Mises equation is identical to the DNV equation except for the coefficient 

“0.85”, which multiplies the bending stress. Because the coefficient “0.85” reduces the 

calculated value of the total pipe stress, the Von Mises equation is more conservative than the 

DNV equation. Note that the DNV code does not provide an equivalent formula for calculating 

the total pipe strain*  Thus, the above equation can be used only for calculating the total stress. 

The total pipe strain must always be calculated using the Von Mises equation.  

8. The hoop stress or strain is combined with the bending and axial stresses or strains for the 

purpose of calculating the total pipe stress or pipe strain*  If the thick wall cylinder formula is 

not specified, the hoop stress or strain will be calculated using the standard equation for a   

thin-walled pipe:  

t

PD
hoop

2
  

Where: hoop  = the circumferential stress or strain in the pipeline due to the internal or 

external hydrostatic pressure acting on the pipe,   

t = the pipe wall thickness,   

P = the differential pressure and acting across the pipe wall.  

When the thick wall formula is specified, the hoop stress or strain in the pipe is given by:  
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Where: Pi = the internal pressure inside the pipe, 

Po = the external pressure acting on the pipe, 

R = the pipe radius for the point at which the stresses/strains are being calculated, 

Ri = the inside radius of pipe, and 

Ro = the outside radius of pipe. 

9. OFFPIPE normally stops execution temporarily when an informative or warning message is 

displayed, so the user can read it and decide whether corrective action is needed. To continue 

execution, the user must press the <Enter> key after reading the message. This procedure can be 

time consuming and annoying when a message relating to a known or intended condition is 

shown repeatedly. To prevent OFFPIPE from pausing when an informative or warning message 

is displayed, enter a “1” in this field or use the function key <F4> to load a multiple choice 

menu. When this option is selected, OFFPIPE will continue to display all messages on the 

screen and in the printed output, but it will stop execution only for fatal error messages. 
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Purpose:  Generate profile plots for static and dynamic analyses (Notes 1,2).  

Keyword: *PROF 

 

Data Field Keywords:  

ROW  = Row index of the present profile plot table entry (Note 4).  

NUMB = Plot number of the present plot table entry (optional) (Note 5).  

TYPE = Index for the type of profile plot to be generated (Note 6):  

1 = Static solution values.  

2 = Instantaneous dynamic values.  

3 = Minimum dynamic values.  

4 = Maximum dynamic values.  

5 = Range of dynamic values.  

6 = Maximum dynamic absolute values.  

TIME = Time point for which the plot is to be generated; used only with instantaneous dynamic 

profile plots (seconds) (optional) (Note 7).  

INCR = Time increment used to repeat the plot; used only when multiple instantaneous dynamic 

profile plots are to be generated automatically (seconds) (optional) (Note 7).  

TITL  = Alphanumeric title for the present plot; may be up to 56 characters in length (optional) 

(Notes 8,10).  

ORDL = Alphanumeric label for the parameter plotted on the ordinate or vertical axis; may be up 

to 32 characters in length (optional) (Notes 8,10).  

ABSL = Alphanumeric label for the parameter plotted on the abscissa or horizontal axis; may be 

up to 32 characters in length (optional) (Notes 8,10).  

ORDI = Index used to select the output parameter to be plotted on the ordinate or vertical axis 

(Notes 1,3):  

1 = X coordinate.  

2 = Y coordinate.  

3 = Z coordinate (3-dimensions only).  

4 = Horizontal angle (3-dimensions only).  

5 = Vertical angle.  

6 = Pipe or cable length (Note 11).  

7 = Vertical pipe support reaction.  

8 = Vertical pipe support separation.  

9 = Pipe tension.  

10 = Vertical bending moment.  

11 = Tensile stress or strain.  

12 = Hoop stress or strain.  

13 = Vertical bending stress or strain.  

14 = Von Mises or DNV total pipe stress or strain.  

15 = Percentage of the yield stress or allowable strain represented by the total pipe 
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stress or pipe strain.  

16 = Horizontal bending stress or strain (3-dimensions only).  

17 = Horizontal pipe support reaction (3-dimensions only).  

18 = Horizontal pipe support separation (3-dimensions only).  

19 = Horizontal bending moment (3-dimensions only).  

20 = Total or combined bending moment (3-dimensions only).  

21 = Seabed Y coordinate or elevation (2-dimensions only).  

22 = Twist angle (3-dimensions only).  

ABSC = Index used to select the output parameter to be plotted on the abscissa or horizontal axis  

(Notes 3, 11) : 1 = X coordinate. 6 = Pipe or cable length (Note 11).  

OMIN = Minimum displayed value of the parameter plotted on the ordinate or vertical axis; used 

to determine the range of the plotted data (optional) (units same as plotted data) (Note 

9).  

OMAX = Maximum displayed value of the parameter plotted on the ordinate or vertical axis 

(optional) (units same as data) (Note 9).  

AMIN = Minimum displayed value of the parameter plotted on the abscissa or horizontal axis; 

used to determine the range of the plotted data (optional) (units same as plotted data) 

(Note 9).  

AMAX = Maximum displayed value of the parameter plotted on the abscissa or horizontal axis 

(optional) (units same as plotted data) (Note 9).  

====================== 

Notes:  

1. A profile plot is one in which a solution parameter, like the total pipe stress, is plotted as a 

function of its position along the pipeline. Profile plots can be generated for static analyses, for 

individual time steps of dynamic analyses, and for the summary results of dynamic analyses. 

Profile plots can include any of the parameters (pipe node coordinates, internal forces, stresses, 

etc.) calculated and printed by OFFPIPE in its standard output tables.  

2. When the PROF record is entered, several user readable (ASCII) plot data files are 

automatically generated by OFFPIPE. These plot data files are documented in Appendix A. 

3. The parameter plotted on the abscissa or horizontal axis (specified in the ABSC field) can be 

either the global X coordinate of each pipe and cable node, or the distance (measured along the   

pipe or cable) from each node to the beginning of the pipe/cable string. The value plotted on 

the ordinate or vertical axis (the ORDI field) can be any of the parameters printed by OFFPIPE 

in its standard output tables. These parameters are described in Section 6.  

4. The information entered on the PROF record is stored by OFFPIPE in an internal profile plot 

table. The row index given in the ROW field specifies the row of the plot table in which this 

plot information is stored. The row index can be used to reference and/or modify profile plot 

requests.  

5. The plot number, given in the NUMB field, is a user defined, integer reference number that is 

used to identify each plot. Profile plot re  quests having the same plot number are 

superimposed (drawn on the same sheet of paper) by OFFPIPE. There is no limit to the 

number of plot requests that can have the same plot number. However, there are limits to the 

number of different variables that can be included in a single plot. OFFPIPE can only 

superimpose plots which use no more than two different sets of units for the ordinate or 
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vertical axis (for example the pipe stresses can be superimposed on the pipeline profile). 

Superimposed plots must always use the same parameter (X coordinate or pipe/cable length) 

on the abscissa or horizontal axis.  

6. A static solution profile plot is based on the results of a static solution. An instantaneous 

dynamic profile is based on the results of a single sampled time step from a dynamic solution. 

The minimum and maximum dynamic values are the smallest and largest values of the plot 

parameter observed, during the sampling period, in a dynamic analysis. The dynamic range 

and maximum dynamic absolute value are the range and maximum absolute value of the plot 

parameter observed during the sampling period.  

7. An instantaneous dynamic profile can be generated for any sampling time point in a dynamic 

analysis. The time at which the profile will be generated is selected by specifying either the 

value of a single time point in the TIME field, or a starting time and time increment in the 

TIME and INCR fields. If a time increment is specified, OFFPIPE will generate a new 

instantaneous dynamic profile plot each time the time increment is reached.  

8. User defined alphanumeric labels, which identifiy the parameters being plotted (ABSL and 

ORDL fields) and the plot title (TITL field), are included in all plots generated by OFFPIPE. 

Note that when multiple plots are superimposed, the plot title and axis labels should be given 

only once, or the labels should agree if the units are the same, because OFFPIPE will rewrite 

the labels each time a new parameter is plotted.  

9. The upper and lower bounds specified in the AMIN, AMAX, OMIN and OMAX fields can be 

used to define the ranges of the plot axes. If their values are not specified, the axes' ranges will 

be determined automatically using the default range selection algorithm chosen on the PLTR 

record. If the values of any plotted data exceed the specified range for either axis, the data 

outside the axis limits will not be plotted.  

10. The character strings entered for the plot title and axis labels, in the ABSL, ORDL and TITL 

fields, must be enclosed in apostrophe's (single quotes) or quotation marks as shown in the 

example. The plot title and axis labels may contain any printable ASCII character except 

apostrophe's, quotation marks and parentheses. These characters are not allowed because they 

are used to delimit strings in the input data file.  

11. The pipe or cable length is measured from the first station on the laybarge or the free end of 

the pipe/cable string. 
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Purpose:  Define the laybarge motion response amplitude operators (RAOs) when a wave 

spectrum is used (Notes 1,2).  

Keyword: *RAOS  

 

Data Field Keywords:  

NUMB = Number of discrete wave frequencies for which values of the laybarge motion RAOs are 

given (Note 3).  

SIGN  = Sign convention used to define the laybarge RAOs (Note 4):  

0 = 0FFPIPE sign convention (default).  

1 = 0SCAR sign convention.  

The following keywords are used to enter tabular data associated with each wave 

frequency, and to specify the column order in which this data is given. The tabular 

data to be entered is identified, and the column order of the table is defined, by a 

list of keywords (enclosed in parenthesis and separated by commas or blanks) 

which follows the TABL keyword.  

Once the data and column order have been specified, the RAO data are entered on 

N consecutive lines (N = number of wave frequencies) in order of increasing 

frequency.  

TABL = Used to specify the column order of tabular data entered for each wave frequency. The 

data entered and column order in which the data are given are defined by a list of 

keywords, en  closed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

FREQ = Wave frequency for the present RAO table entry (rad/sec) (Note 5).  

The following RAO's and phase angles are evaluated at the wave frequency given 

above,  

SRGM = Surge motion RAO for the laybarge (Notes 2,3,6).  

SRGA = Surge motion phase angle (degrees).  

SWYM = Sway motion RAO for the laybarge.  

SWYA = Sway motion phase angle (degrees).  

HEAM = Heave motion RAO for the laybarge.  

HEAA = Heave motion phase angle (degrees).  

The following keywords are used to enter a second table containing additional 

tabular RAO data associated with each wave frequency, and to specify the column 

order in which this data is given. 

TABL = Used to specify the column order of tabular data entered for each wave frequency. This 
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TABL keyword must be entered after the tabular data (identified by the keywords given 

above) have been specified. See the example.  

FREQ = Wave frequency for the present RAO table entry (rad/sec) (Note 5). 

The following RAO's and phase angles are evaluated at the wave frequency given 

above.  

ROLM = Roll motion RAO for the laybarge (degrees/foot;degrees/meter) (Notes  2,3,6,7) . 

ROLA = Roll motion phase angle (degrees).  

PITM = Pitch motion RAO for the laybarge (degrees/foot;degrees/meter).  

PITA= Pitch motion phase angle (degrees).  

YAWM = Yaw motion RAO for the laybarge (degrees/foot;degrees/meter).  

YAWA = Yaw motion phase angle (degrees).  

====================== 

Notes:  

1. When a wave spectrum is specified using the SPEC or SPTA record, the motions of the laybarge 

are defined by response amplitude operators (RAO's) which are entered in tabular form (to 

cover a range of frequencies) using the RAOS record. When a single regular wave is specified 

using the WAVE record, the values of the laybarge motion RAO's for the single wave frequency 

are entered using the RESP record. See Section 4.3.3.1 for a detailed description of the laybarge 

motion RAO's.  

2. A wave spectrum is represented in OFFPIPE by a series of discrete wave components. The 

laybarge RAO's are used to define curves which give the amplitude and phase angle of each of 

the six laybarge motions as functions of the amplitude, phase angle and frequency of these wave 

components. For a wave spectrum, each of the six lay  barge motions is given as a function of 

time by an equation of the form:  

  )cos()2/(Re iiii PtWHRsponse  

where: Wi = circular frequency of the ith wave component; 

Hi = height of the ith wave component;  

Ri = RAO of the motion evaluated at the frequency Wi; 

Pi = phase angle evaluated at the frequency Wi.  

The laybarge motions are defined at the laybarge center of motion as specified on the BARG 

record. The corresponding wave surface amplitude at the center of motion is given by: 

)cos()2/( tWHRAmplitude iii  

3. The laybarge RAO's are entered by specifying their values and phase angles for a series of 

discrete wave frequencies. The RAO values entered are stored by OFFPIPE in an internal table. 

Each row of this table contains the values of the six laybarge RAO's and their phase angles 

evaluated at the wave frequency specified in the FREQ field The number of wave frequencies 

for which RAO's are entered is specified by the user in the NUMB field. This number should be 

sufficient to accurately define the laybarge motions over the range of wave frequencies 

represented in the wave spectrum.  

4. The sign convention, specified in the SIGN field, for the laybarge RAO's and phase angles can 

be made consistent with that used by the computer program OSCAR, which is marketed and 

supported by Ultramarine, Inc.  
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5. The laybarge RAO's must be entered in order of increasing wave frequency, i.e. the RAO's 

corresponding to the lowest wave frequency (longest period) are given first. It is not necessary 

for the wave frequencies used for the RAO table to match the frequencies of the wave spectrum 

components defined by the SPEC or SPTA record. OFFPIPE uses linear interpolation to 

evaluate the RAO's for intermediate wave frequencies that fall between entries in the table. If 

the frequency of any wave component falls outside the range of frequencies represented in the 

RAO table, the table entry corresponding to the highest or lowest frequency in the table 

(whichever is closest) will be used for that wave component.  

6. The laybarge RAO's are defined for a single wave direction. This direction must agree with the 

wave direction specified on the SPEC or SPTA record.  

7. Because the number of values stored in each row of the RAO table exceeds the number that can 

be entered on a single line of the input data file, the RAO table must be entered in two parts. 

The first six columns of the table (surge, sway and heave) are entered first, and then followed 

by the second six columns (roll, pitch and yaw). 
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Purpose:  Define the laybarge motion response amplitude operators (RAOs) for a regular wave 

(Note 1).  

Keyword: *RESP 

 

Data Field Keywords:  

SIGN  = Sign convention used to define the laybarge RAO's (Note 2):  

0 = 0FFPIPE sign convention (default).  

1 = 0SCAR sign convention.  

The following RAO's and phase angles are evaluated at the regular wave frequency.  

SRGM = Surge motion RAO for the laybarge (Notes 3,4).  

SRGA = Surge motion phase angle (seconds).  

SWYM = Sway motion RAO for the laybarge.  

SWYA = Sway motion phase angle (seconds). HEAM = Heave motion RAO for the laybarge. 

HEAA = Heave motion phase angle (seconds).  

ROLM = Roll motion RAO for the laybarge (deg/foot; deg/meter).  

ROLA = Roll motion phase angle (degrees).  

PITM = Pitch motion RAO for the laybarge (deg/foot; deg/meter).  

PITA= Pitch motion phase angle (degrees).  

YAWM = Yaw motion RAO for the laybarge (deg/foot; deg/meter).  

YAWA = Yaw motion phase angle (degrees).  

====================== 

Notes:  

1. When a regular wave is specified using the WAVE record, the motions of the laybarge are 

defined by response amplitude operators (RAO's) which are evaluated at the single regular 

wave frequency. The values of the RAO's for this single wave frequency are entered using the 

RESP record. When a wave spectrum is specified using the SPEC or SPTA records, the laybarge 

RAO's are entered in tabular form using the RAOS record. See Section 4.3.3.1 for a detailed 

description of the laybarge motion RAO's.  

2. The sign convention, specified in the SIGN field, for the laybarge RAO's and phase angles can 

be made consistent with that used by the computer program OSCAR, which is marketed and 

supported by Ultramarine, Inc. 

3. The laybarge RAO's are curves which define the amplitude and phase angle of each of the six 

laybarge motions as functions of the ampli  tude, phase angle and frequency of the waves 

striking the laybarge For a single regular wave, each of the six laybarge motions is given as a 

function of time by an equation of the form:  

)cos()2/(Re PWtHRsponse   

where: W = circular frequency of the wave; 

H = peak to trough wave height; 

R = RAO of the motion evaluated at the frequency W; 
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P = phase angle evaluated at the frequency W.  

The laybarge motions are defined at the laybarge center of motion as specified on the BARG 

record. The corresponding wave surface amplitude at the center of motion is given by:  

)cos()2/( WtHAmplitude   

4. The RAO's are specified for a single wave direction and wave period Their values must agree 

with the wave direction and period given on the WAVE record.  
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Purpose:  Create or run from a dynamic restart file (Note Keyword: xREST Data Field  

Keyword: *REST 

 

Keywords:  

BEGI = First time point for which the dynamic restart file will be written (optional) (seconds) 

(Notes 2,3).  

INCR = Time increment used to automatically rewrite the dynamic restart file (seconds) 

(optional).  

END = Last time point for which the dynamic restart file will be written (seconds) (optional).  

====================== 

Notes:  

1. The dynamic restart file permits OFFPIPE to be restarted in dynamic analyses. The restart file is 

primarily used for diagnostic purposes, but may also be used to print additional dynamic output 

without rerunning an analysis. To execute OFFPIPE using an existing restart file, enter the 

REST record with all data fields set = 0 or left blank.  

2. The restart file is created at the time given in the BEGI field. The file is then rewritten each time 

the time increment specified in the INCR field is reached, until the final time specified in the 

END field is reached or exceeded. Each time the restart file is rewritten, it replaces and destroys 

the previous contents of the restart file. Thus, OFFPIPE can only be restarted using the most 

recent copy of the restart file. 

3. If the time specified in the BEGI time increment specified in the field is set = 0 or left blank, 

and the INCR field is given a nonzero value, the restart file will be created and then rewritten 

each time the given time interval is reached. 
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Purpose:  Begin execution of OFFPIPE using the data which precedes the RUN record in the 

input data file (Note 1).  

Keyword: *RUN  

 

====================== 

Notes:  

1. Because there are no data fields on the RUN record, columns five through eighty can be used 

for comments or other descriptive information, as in the following example:  

i) *RUN ******* RUN CASE 1 ********* 

2. Multiple cases containing similar input data can be run in a single execution of OFFPIPE by 

entering several RUN records separated by one or more record(s) which modify the values of 

previously entered input data. For example, several similar pipelaying analyses can be 

performed using different pipe tensions by entering the following records at the end of the input 

data file: 

*TENS 100 

*RUN 

*TENS 150 

*RUN 

*TENS 200 

*RUN 

*END 
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Purpose:  Enter the physical properties of stinger sections into the stinger element property table 

(Notes 1,2). 

Keyword: *SECT 

 

Data Field Keywords:  

ROW = Row index of the present stinger element property table entry (Note 4).  

TYPE = Element type of the present stinger element property table entry (Notes 4,5):  

1 = Fixed-end beam element; the element is rigidly connected to the preceding stinger 

element with respect to rotations about both principal axes of the stinger cross section. 

2 = Hinged-end element; the element is freely hinged at its forward end with respect to 

rotations about the horizontal principal axis of the stinger cross section, and fixed with 

respect to rotations about the vertical principal axis.  

3 = Double hinged-end element; the element is freely hinged at its forward end with 

respect to rotations about both the horizontal and vertical principal axes of the stinger 

cross section.  

ASTF = Axial stiffness (EA) of the stinger element (kips;kN) (optional) (Note 3).  

VSTF = Bending stiffness (EI) of the stinger element about the horizontal principal axis of the 

stinger cross section (kip-feet2;kN-m2) (optional) (Notes 3,6).  

VHNG = Stiffness of the spring-bumper used to limit rotation of the hinge, at the forward end of 

the stinger element, about the horizontal principal axis of the stinger cross section; used 

only with element types 2 and 3 (kip-feet/deg;kN-m/deg) (optional) (Notes 3,11).  

VANG = Maximum angle of free rotation for the hinge at the forward end of the stinger element, 

about the horizontal principal axis of the stinger cross section, before spring-bumper 

contact occurs; used only with element types 2 and 3 (default = 90 degrees) (optional) 

(Notes 3,7,8,11).  

VARE = Projected area per-unit-length (effective width) of the stinger element in the horizontal 

principal plane of the stinger cross section; required to calculate the vertical component 

of the hydrodynamic drag force acting on the stinger (feet;meters) (optional) (Notes 

3,10).  

DISP  = Displaced volume per-unit-length (effective area) of the stinger element cross section; 

required to calculate the hydrodynamic inertial force acting on the stinger 

(feet2;meter-y2) (optional) (Notes 3,10).  

CD = Drag coefficient for the stinger element; required to calculate the hydrodynamic drag 

force acting on the stinger (default CD = 0.8) (optional) (Note 10). 

CM = Added mass coefficient for the stinger element; required to calculate the hydrodynamic 

inertial force acting on the stinger (default CM = 1.0) (optional) (Note 10).  

HSTF = Bending stiffness (El) of the stinger element about the vertical principal axis of the 

stinger cross section (kip-feet2;kN-m2) (optional) (Notes 3,6).  

HHNG = Stiffness of the spring-bumper used to limit rotation of the hinge, at the forward end of 

the stinger element, about the vertical principal axis of the stinger cross section; used 

only with element type 3 (kip-feet/deg;kN-m/deg) (optional) (Notes 3,11).  
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HANG = Maximum angle of free rotation for the hinge at the forward end of the stinger element, 

about the vertical principal axis of the stinger cross section, before spring-bumper 

contact occurs; used only with element type 3 (default = 90 degrees) (optional) (Notes 

3,8,9,11).  

HARE = Projected area per-unit-length (effective height) of the stinger element in the vertical 

principal plane of the stinger cross section; required to calculate the horizontal 

component of the hydrodynamic drag force acting on the stinger (feet;meters) (optional) 

(Notes 3,10).  

====================== 

Notes:  

1. The SECT record (screen) is used only when the stinger is modeled structurally.  

2. If the stinger is modeled structurally and its properties are not specified using the SECT record, 

default values for its properties will be assigned by OFFPIPE. The default stiffnesses of the 

stinger cross section are set sufficiently high that the stinger elements effectively behave as 

rigid bodies. These stiffnesses are normally adequate for fixed curvature and articulated 

stingers. For straight, flexible stingers and stingers incorporating compliant hinges, however, it 

is necessary to enter the correct stiffnesses for the hinges and stinger cross section. The SECT 

record is always required to define the maximum angle of free rotation for articulated stinger 

hinges, and to define the hydrodynamic properties of the stinger in dynamic analyses and 

analyses involving currents. 

3. When the stinger is modeled structurally, it is represented by a series of beam-like elements 

that are joined end-to-end to form a one dimensional, lumped parameter model of the stinger. 

Each of these elements is assigned the composite or overall physical properties of the stinger 

cross section for the part of the stinger represented by the element.  

4. The properties and element types of the individual stinger elements are assigned on the STIN 

record by referencing the row of the stinger element property table in which the properties are 

stored. The first three rows of the property table are reserved for the element types shown. 

These rows are used by OFFPIPE for its default stinger element models. The properties for 

these entries are automatically loaded by OFFPIPE, but their values can be redefined by the 

user using the SECT record. Property table rows with indices greater than three are reserved 

for user defined stinger elements. If the physical properties of several stinger elements are the 

same, a single property table entry can be used for all these elements. Note, however, that 

whether a stinger element is hinged or fixed at its forward end is defined by its element type, 

which is a property of the element. Thus, separate property table entries are required for fixed 

and hinged end elements, even if their other physical properties are the same.  

5. Note that the element type specified in the TYPE field, for the first three rows of the stinger 

element property table, must be the same as the property table row index given in the ROW 

field, e.g. the first property table entry must be a fixed end (type 1) element. This restriction is 

imposed to ensure that the element types of OFFPIPE's default stinger elements are not 

changed accidentally. Property table rows numbered greater than three may be used with any 

element type. See Section 4.4.5 for a detailed discussion of the stinger element property table 

and the stinger element models provided by OFFPIPE.  

6. Care must be used when specifying the bending stiffnesses of the stinger in the VSTF and 

HSTF fields. The actual stiffnesses of the stinger cross section should not be used for very stiff, 
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truss-type stingers. If the stiffnesses entered for the stinger are too large, numerical problems 

(non-convergence) can result because of the limited precision of the computer's floating point 

calculations. For very stiff stingers, rigid body behavior can usually be achieved, without 

creating numerical problems, by letting OFFPIPE assign the default stiffnesses for the stinger 

elements. See Section 4.4.5 for a detailed discussion of the default stinger element properties. 

7. The stinger hinge's spring-bumper is single acting with respect to rotations about the 

horizontal principal axis of the stinger cross section. If the value entered for the maximum 

angle of free rotation in the VANG field is positive, bumper contact can occur only when the 

hinge between two adjacent stinger sections moves upward relative to the two sections (the 

bumper is assumed to be mounted below the hinge, as in a conventional articulated stinger). If 

the maximum angle of free rotation is negative, bumper contact can occur only when the hinge 

moves downward relative to the two sections.  

8. The angle of rotation, for the hinge between two adjacent stinger elements, is defined as the 

angle between the longitudinal axes of the two elements projected onto either the vertical or 

horizontal principal plane of the stinger cross section. See Figure 4-13.  

9. The maximum angle of free rotation, about the vertical principal axis of the stinger cross 

section (the value entered in the HANG field), should not exceed 10.0 degrees for any stinger 

hinge.  

10. The hydrodynamic forces acting on the stinger are calculated using Morison's equation. The 

projected area per-unit-length of the stinger cross section, entered in the VARE and HARE 

fields, is the effective diameter used in Morison's equation to calculate the drag forces acting 

on the stinger. The displaced volume per-unit-length entered in the DISP field is the effective 

area used in Morison's equation to calculate the inertial force acting on the stinger. See Section 

4.6 for a discussion of Morison's equation and definitions of the coefficients CD and CM.  

11. Stinger hinges are modeled using stinger elements that are hinged at their forward end. 

Rotational springs can be added to the stinger hinges to model compliant hinges and the 

bumper-stops sometimes used to limit rotation of the hinges. See Section 4.3.4.2 for a detailed 

discussion of the structural stinger models provided by OFFPIPE. 
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Purpose:  Enter the soil properties for the seabed.  

Keyword: *SOIL  

 

Data Field Keywords:  

VERT = Stiffness of the soil with respect to pipe and cable displacements in the vertical direction 

(perpendicular to the seabed) (kips/ft2;kN/m2) (Note 1).  

DEFL = Static vertical deflection of the soil under a reference pipe load approximately equal to 

the submerged weight of the pipe or cable (inch;cm) (Note 1).  

HORI = Stiffness of the soil with respect to pipe and cable displacements in the horizontal 

direction (perpendicular to the pipe or cable and parallel to the seabed) (kips/ft2;kN/m2) 

(optional) (Notes  2,3,4) .  

FRIC = Soil coefficient of friction used for pipe and cable displacements in the horizontal 

direction (default = 1.0) (Notes 2,3).  

POIN = Number of numerical integration points used to calculate the soil force acting on each 

pipe or cable element on the seabed (default = 4) (Note 5).  

====================== 

Notes:  

1. The soil is assumed to be linearly elastic for deflections in the vertical direction (the direction 

which is locally perpendicular to the seabed) If the vertical stiffness of the soil, entered in the 

VERT field, is not specified, its value will be calculated using the value given in the DEFL field 

for the vertical deflection of the soil under a reference pipe load. If the soil deflection is not 

specified, it is assumed to be equal to five percent of the external diameter of the first pipe entry 

in the pipe/cable property table.  

2. The horizontal soil force is assumed to act in the direction that is parallel to the seabed and 

perpendicular to the longitudinal axis of the pipeline or cable. 

3. The resistance provided by the soil to horizontal displacements of the pipe or cable is bilinear. 

The soil is assumed to be linearly elastic for lateral pipe or cable loads that are less than the 

force required to overcome the soil friction, and frictional for pipe loads greater than the force 

required to overcome friction*  The frictional force is assumed to be proportional to the 

vertical force exerted by the pipe or cable on the soil. The constant of proportionality is given 

by the soil friction coefficient entered in the CF field. See Section 4.3.6 for a detailed discussion 

of the soil model used by OFFPIPE.  

4. If the horizontal stiffness of the soil it is set equal to the soil stiffness in is not specified in the 

HORI field, the vertical direction.  

5. The soil forces acting on the pipe and cable must be integrated, over the length of each pipe or 

cable element, to calculate the total force acting on the element. Because the horizontal soil 

force is bilinear, it must be integrated numerically. The accuracy of this numerical integration is 

dependent on the number of integration points used for each element. Increasing the number of 

points, in the POIN field, will increase both the accuracy and cost of calculating the soil forces J 

For most problems, the default number of integration points (4) is adequate. 
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Purpose:  Define the seabed elevation profile for pipe span analyses.  

Keyword: *SPAN  

 

Data Field Keywords:  

NUMB = Number of points on the seabed for which elevations (Y coordinates) are specified (Note 

1).  

DEPT = Reference depth which will be subtracted from each seabed elevation entered below. 

The reference depth is positive when it represents a point below the water surface (Note 

1).  

The following keywords are used to enter tabular data associated with each seabed 

elevation, and to specify the column order in which the data is entered. The tabular 

data to be entered is identified, and the column order of the table is defined, by a 

list of key-words (enclosed in parenthesis and separated by commas or blanks) 

which follows the TABL keyword.  

Once the data and column order have been specified, the data values are entered on 

N consecutive lines (N = number of elevations) in the order in which the points 

occur along the pipe/cable, beginning at one free end of the pipe/cable and 

proceeding to the other end.  

TABL = Used to specify the column order of the tabular data entered for each seabed elevation. 

The data entered and column order in which the data are given are defined by a list of 

keywords, enclosed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

X =  Horizontal (X) coordinate of the present point on the seabed (feet;meters) (optional) 

(Notes 1,2).  

Y =  Elevation (Y coordinate) of the seabed at the present point (feet;meters) (Notes 1,2).  

SUPP = Estimated pipe support condition at the present point on the seabed (optional):  

0 = the pipe is initially assumed to be in contact with the seabed at the present point (this 

is the default support condition) (Note 3).  

100 = the pipe is initially assumed to not be in contact with the seabed at this point 

(Note 3).  

====================== 

Notes:  

1. The seabed profile is defined by entering the horizontal (X) coordinates and elevations (Y 

coordinates) for a series of points on the seabed in the TABL = ( X,Y,... ) fields. The elevations 

of these points can be specified relative to a reference depth which is given in the DEPT field. If 

this reference depth is entered, the Y coordinates of points on the seabed will be given by:  

Y = Elevation - Reference Depth 
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2. The elevations of points on the seabed must be entered in the order in which their horizontal (X) 

coordinates increase ( X1 < X2 < .... < Xn ). The horizontal (X) coordinate of the first point 

specified can be zero or any other convenient value.  

3. The support condition specified in the SUPP field is used only to generate an initial 

approximation for the pipe profile on the seabed This approximation is required, by OFFPIPE, 

to begin the Newton iteration which calculates the actual deformed shape of the pipeline If a 

depression or trough is sufficiently deep that the pipeline is probably not in contact with the 

seabed, at one or more points, the number of iterations required to calculate the pipe profile can 

be decreased by setting SUPP = 100 at those points.  

OFFPIPE will correctly determine whether the pipe is actually in contact with the seabed at 

each point. Thus, if the initial estimates for the support conditions are incorrect, this will not 

adversely effect the accuracy of the solution calculated by OFFPIPE. However, in extreme 

cases in which the seabed profile is highly irregular, it may be necessary to identify points at 

which it is known that the pipe is not be in contact with the seabed, to ensure the stable 

convergence of OFFPIPE. 
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Purpose:  Define a 2-dimensional wave spectrum by specifying the coefficients for a standard 

spectrum equations (Note 1).  

Keyword: *SPEC  

 

Data Field Keywords:  

TYPE = Option number for the standard equation type used to define the wave spectrum (Note 1):  

1 = Generic equation (coefficient and exponent) (Note 3),  

2 = Bretschneider A (significant wave height and peak wave frequency) (Note 6),  

3 = Bretschneider B (significant wave height and wave frequency) (Note 7),  

4 = Pierson-Moskowitz (wind speed) (Note 8),  

5 = ITTC (significant wave height) (Note 9),  

6 = ISSC (significant wave height and mean wave frequency) (Note 10),  

7 = JONSWAP (2-coefficients and peak wave frequency) (Note II).  

DIRE = Wave direction of travel (deg.) (Note 4).  

NUMB = Number of wave components used to represent the spectrum (optional) (default = 15) 

(Note 2).  

FMlN = Minimum wave frequency represented in the wave spectrum (default = 0.209 rad/sec) 

(optional) (Note 5).  

FMAX = Maximum wave frequency represented in the wave spectrum (default = 2.094 rad/sec) 

(optional) (Note 5).  

COEF = Wave spectrum equation coefficient; used with generic spectrum equation only (optional) 

(Note 3).  

EXP  =  Wave spectrum equation exponent; used with generic spectrum equation only (optional) 

(Note 3).  

HSIG = Significant wave height (H1/3), used with Bretschneider A, Bret  schneider B, ITTC, 

and ISSC spectrum equations (optional) (Notes 6,7,9,10).  

FPEA = Circular wave frequency of the spectral peak; used with Bretschneider A and JONSWAP 

spectrum equations (optional) (Notes 6,11) .  

FSIG  = Significant circular wave frequency; used with Bretschneider B spectrum equation 

(optional) (Note 7).  

WIND = Wind speed at a height of 19.5 meters above the water surface; used with the 

Pierson-Moskowitz spectrum equation (optional) (Note 8).  

FAVG = Mean circular wave frequency; used with the ISSC spectrum equation (optional) (Note 

10).  

JON1  = First user specified coefficient (A) for the JONSWAP wave spectrum equation (optional) 

(Note 11).  

JON2 = Second user specified coefficient (B) for the JONSWAP wave spectrum equation 

(optional) (Note 11).  

====================== 

Notes:  

1. A wave spectrum can be used by OFFPIPE to define the dynamic motions of the pipelay 
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vessel, and to calculate the wave induced hydrodynamic forces acting on the pipeline and 

stinger. A wave spectrum may be defined either by entering the coefficients of a standard wave 

spectrum equation, using the SPEC record, or by specifying the value of the spectral ordinate 

for a series of discrete wave frequencies, using the SPTA record. When a wave spectrum is 

specified, a table of response amplitude operators for the pipelay vessel must also be entered 

using the RAOS record.  

2. The continuous wave spectrum is approximated by a series of discrete component waves. The 

number of wave components to be used must be chosen by the user in the NUMB field. A 

minimum of 15 to 20 wave components is usually sufficient to accurately describe the wave 

spectrum* The component wave frequencies are assigned, by OFFPIPE, in such a way that all 

components have equal amplitude (energy). This tends to concentrate the wave components in 

the part of the spectrum having the peak energy. See Section 4.8.2 and Figure 4-21 for a 

detailed discussion of the wave spectra generated by OFFPIPE. 

3. The generic wave spectrum equation has the form:  

)/exp()/( 45  CBS   

where B and C are the wave spectrum coefficient and exponent respectively, and co is the 

circular frequency of the wave component in radians per second. The spectral ordinate S has 

units of feet
2
-sec or meter

2
-sec and is equal to the 1/2 the square of the amplitude of the 

component waves energy of the wave spectrum divided by the wave frequency range:  

rangeFrequency

amplitudeWave
S

*2

2

  

Note that several popular wave spectra, including some of those supported explicitly by 

OFFPIPE (ITTC, ISSC, Bretschneider, PiersonMoskowitz, etc.), can be represented by an 

equation of this form.  

4. The wave spectrum is assumed to be two dimensional. All component waves approach the 

laybarge from the same direction. The sign convention used for the wave direction, specified 

in the DIRE field, is the same as that used for the laybarge heading and the flow direction for 

steady currents. The wave direction (angle) is positive if it represents a clockwise rotation 

about the vertical Y axis, when viewed from above. A wave traveling in the direction of the 

global X axis (parallel to the pipeline right-of-way and approaching the laybarge form the 

stern) has a direction of zero degrees. A wave traveling in the direction of the global Z axis 

(approaching the laybarge from the port side) has a direction of +90 degrees. The sign 

convention for the wave direction is illustrated in Figure 4-20.  

5. The wave frequency co is expressed as a circular frequency expressed in radians per second. It 

is given in terms of the wave period T by:  

T/2   

Wave frequencies less than the minimum frequency or greater than the maximum frequency 

will be ignored.  

6. This option is used to select the first of two spectral density equations that are sometimes 

attributed to Bretschneider. In this form of the equation (Bretschneider A), the spectral density 

is defined as a function of the significant wave height Hs and the wave frequency at the 

spectral peak ωp:  
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])/(25.1exp[)/(3125.0 4254
 psp HS   

Where: S = spectral density, 

ω= circular frequency of wave component, 

ωp= wave circular frequency at the spectral peak, 

Hs = significant wave height (H1/3). 

The significant wave height and peak wave frequency are entered in the HSIG and FPEA 

fields. Their values must be specified whenever the “Bretschneider A” spectral density 

equation is selected.  

7. This option is used to select a second spectral density equations that is sometimes attributed to 

Bretschneider. In this form of the equation (Bretschneider B), the spectral density is defined as 

a function of the significant wave height Hs and the wave frequency at the significant peak ωs:  

])/(675.0exp[)/(1687.0 4254
 pss HS   

Where: S = spectral density, 

ω= circular frequency of wave component, 

ωp= significant wave (circular) frequency, 

Hs = significant wave height (H1/3). 

The significant wave height and wave frequency are entered in the HSIG and FSIG fields. 

Their values must be specified whenever the “Bretschneider B” spectral density equation is 

selected.  

8. This option is used to select the Pierson-Moskowitz spectral density equation. Using the 

Pierson-Moskowitz equation, the wave spectrum is given by:  

])/(74.0exp[/0081.0 452  UggS   

Where: S = spectral density, 

G = gravitational constant, 

ω= circular frequency of the wave component, 

U = wind velocity at height of 19.5 meters above the still water surface. 

The wind velocity is entered in the WIND field. Its value must always be specified when the 

“Pierson-Moskowitz” spectral density equation is selected.  

9. This option is used to select the ITTC spectral density equation. Us  ing the ITTC equation,  

the wave  spectrum is given by (in S.I. units) :  

)]/(1.3exp[/0081.0 4252  sHgS   

Where: S = spectral density, 

g = gravitational constant, 

ω= circular frequency of the wave component, 

Hs = significant wave height (H1/3). 

The significant wave height is entered in the HSIG field. Its value must be specified whenever 

the ITTC spectral density equation is selected. 

10. This option is used to select the ISSC spectral density equation Using the ISSC equation, the 

wave spectrum is given by:  

])/(4427.0exp[)/(1107.0 4254
 msm HS   
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Where: S = spectral density, 

ω= circular frequency of the wave component, 

ωm= mean circular wave frequency, 

Hs = significant wave height (H1/3). 

11. This option is used to select the JONSWAP spectral density equation Using the JONSWAP 

equation, the wave spectrum is given by:  

q

p BAgS *])/(25.1exp[/ 452    

Where: S = spectral density, 

ω= circular frequency of the wave component, 

ωp= circular wave frequency at the spectral peak, 

A = user defined coefficient, 

B = user defined coefficient, 

g = gravitational constant, 

t = 0.07 if ω<ωp and 0.09 if ω>ωp. 

The peak wave frequency ωp and two user defined coefficients A and B are entered in the 

FPEA , JON1 and JON2 fields respectively. Their values must be specified whenever the 

JONSWAP spectral density equation is selected. 
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Purpose:  Define a 2-dimensional wave spectrum by entering the values of the spectral ordinate 

at a series of wave frequencies (Note 1).  

Keyword: *SPTA  

 

Data Field Keywords:  

NUMB = Number of wave frequencies and spectral ordinate values to be entered (Note 2).  

DIRE  = Wave direction of travel (degrees) (Note 5).  

The following keywords are used to enter tabular data associated with each spectral 

value, and to specify the column order in which the data is entered. The tabular 

data to be entered is identified, and the column order of the table is defined, by a 

list of key-words (enclosed in parenthesis and separated by commas or blanks) 

which follows the TABL keyword.  

Once the data and column order have been specified, the data values are entered on 

N consecutive lines (N = number of spectral values) in the order of increasing 

component wave frequency.  

TABL = Used to specify the column order of the tabular data entered for each spectral value. The 

data entered and column order in which the data are given are defined by a list of 

keywords, enclosed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

FREQ = Wave frequency (2π/T) for the present spectral value (rad/sec) (Notes 2,3,4) .  

SPEC = Value of the spectral ordinate at the present wave frequency (feet
2
-sec; meter

2
_sec) 

(Notes 2,3,4).  

====================== 

Notes:  

1. A wave spectrum may be defined either by entering the coefficients of a standard wave 

spectrum equation using, the SPEC record, or by specifying the value of the spectral ordinate 

for a series of discrete wave frequencies, using the SPTA record.  

2. When the SPTA record is used, the wave spectrum is defined by specifying the value of the 

spectral ordinate at a series of discrete wave frequencies. These values are then used to define a 

series of trapezoidal panels which approximate the wave spectrum. The number of panels 

generated is one less than the number of values entered for the spectral ordinate (two values 

define one panel, three values define two panels, etc.). The part of the wave spectrum contained 

in each panel is represented by a single wave component whose frequency corresponds to the 

point of median energy for the panel. See Section 4.8.2 and Figure 4-21 for a detailed 

discussion of the wave spectra generated by OFFPIPE. 

3. The spectral ordinate, entered in the SPEC field, has units of feet
2
-sec or meter

2
-sec and 

represents the energy of the wave components in each panel divided by the frequency range 
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spanned by the panel The amplitude of the component wave used to represent each panel is 

equal to the square root of 2x the area of the panel.  

4. The values of the spectral ordinate must be entered in order of increasing wave frequency, i.e. 

the value corresponding to the lowest wave frequency must be given first.  

5. The wave spectrum is assumed to be two dimensional. All component waves approach the 

laybarge from the same direction. The sign convention used for the wave direction is the same 

as that used for the laybarge heading and the flow direction for steady currents. The wave 

direction (angle) is positive if it represents a clockwise rotation about the vertical Y axis, when 

viewed from above. A wave traveling in the direction of the global X axis (parallel to the 

pipeline right-of way and approaching the laybarge form the stern) has a direction of zero 

degrees. A wave traveling in the direction of the global Z axis (approaching the laybarge from 

the port side) has a direction of +90 degrees. The sign convention for the wave direction is 

illustrated in Figure 4-20. 
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Purpose:  Define the stinger's geometry and structural configuration.  

Keyword: *STIN  

 

Data Field Keywords:  

NUMB = Number of stations (pipe supports and hinges) and unsupported pipe, cable or stinger 

nodes on the stinger. (Note 1)  

GEOM = Method used to define the stinger geometry. The positions of the pipe supports, hinges 

and any unsupported pipe, cable or stinger nodes are defined by (Notes 2,3):  

1 = Horizontal (X) and vertical (Y) coordinates given explicitly in the TABL = 

(X,Y,..) field described below. When this option is used for an articulated stinger, 

the pipe radius must also be given in the RADI field, and the coordinates and angle 

of the tangent point must be entered in the XTAN, YTAN and ANGL fields.  

2 = Horizontal (X) and vertical (Y) coordinates given explicitly in the TABL = 

(X,Y,..) field. When this option is used for an articulated stinger, the pipe radius 

must also be given in the RADI field, and the horizontal (X) coordinate of the 

tangent point must be entered in the XTAN field. The elevation (Y coordinate) and 

angle of the tangent point are calculated, by OFFPIPE, to match the curve formed 

by the pipe or cable on the laybarge.  

3 = Stinger element lengths, a tangent point and radius of curvature. The element 

lengths and radius of curvature are given in the TABL = (X,Y,..) and RADI fields. 

The coordinates and angle of the tangent point must be given explicitly in the 

XTAN, YTAN and ANGL fields.  

4 = Stinger element lengths, a tangent point and radius of curvature. The element 

lengths and radius are given in the TABL = (X,Y,..) and RADI fields. The 

horizontal (X) coordinate of the tangent point is given explicitly in the XTAN field . 

The elevation (Y coordinate) and angle of the tangent point are calculated, by 

OFFPIPE, to match the curve formed by the pipe or cable on the laybarge.  

5 = Horizontal (X) coordinates, a tangent point and radius of curvature. The X 

coordinates and radius of curvature are given in the TABL = (X,Y,..) and RADI 

fields. The co  ordinates of the tangent point must be given explicitly in the XTAN, 

YTAN and ANGL fields.  

6 = Horizontal (X) coordinates, a tangent point and radius of curvature. The X 

coordinates and radius are given in the TABL = (X,Y,..) and RADI fields. The X 

coordinate of the tangent point is given in the XTAN field. The elevation (Y 

coordinate) and angle of the tangent point are calculated, by OFFPIPE, to match 

the curve formed by the pipe or cable on the laybarge.  

TYPE = Type of stinger model to be used (Note 4):  

1 = Fixed stern ramp or fixed geometry stinger. The stinger is modeled as a rigid 
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extension of the laybarge No structural stinger model is used (Note 4).  

2 = Conventional straight stinger. The stinger is modeled structurally. Except for its 

first element, the stinger is assumed to be straight when undeformed.  

3 = Fixed curvature or rigid truss stinger. The stinger is modeled structurally. The 

undeformed shape of the stinger is assumed to be the initial geometry defined 

by the input data.  

4 = Reserved for future use.  

5 = Fixed geometry articulated stinger. The stinger is modeled as a rigid extension 

of the laybarge. No structural stinger model is used. The stinger geometry is 

generated using special features provided by OFFPIPE for articulated stingers 

(Note 5).  

6 = Articulated stinger. The stinger is modeled structurally. The stinger geometry is 

generated using special features provided by OFFPIPE for articulated stingers.  

RADI = Pipe radius of curvature on the stinger; required with GEOM options 3, 4, 5 and 6, and 

with options I and 2 when an articulated stinger is used (feet;meters) (optional) (Note 6).  

XHIT = Horizontal (X) coordinate of the stinger hitch pin; required with GEOM options 3 and 4, 

and whenever a structural stinger model is used (feet;meters) (optional) (Note 7).  

YHIT = Elevation (Y coordinate) of the stinger hitch pin; required with GEOM options 3 and 4, 

and whenever a structural stinger model is used (feet;meters) (optional) (Note 7).  

XORG = Horizontal (X) coordinate of the reference point or temporary origin which can be used, 

with GEOM options I and 2, to define the coordinates of points on the stinger 

(feet;meters) (optional) (Notes 7,8).  

YORG = Elevation (Y coordinate) of the reference point or temporary ori  gin which can be used, 

with GEOM options I and 2, to define the coordinates of points on the stinger 

(feet;meters) (optional) (Notes 7,8).  

ROTA = Initial stinger rotation about the hitch; the rotation is applied in the vertical plane after 

the stinger model has been generated (degrees) (optional) (Note 9).  

XTAN = Horizontal (X) coordinate of the tangent point; required with GEOM options 3, 4, 5 and 

6, and with options I and 2 when an articulated stinger is used (feet;meters) (optional) 

(Notes 6,7,10).  

YTAN = Elevation (Y coordinate) of the tangent point; required with GEOM options 3 and 5, and 

with option 1 when an articulated stinger is used (feet;meters) (optional) (Notes 

6,7,10,11).  

ANGL = Vertical angle of the pipe at the tangent point; required with GEOM options 3 and 5, and 

with option I when an articulated stinger is used (degrees) (optional) (Notes 6,7).  

The following keywords are used to enter tabular data associated with each station 

on the stinger. The data are entered on N consecutive lines (N = number of stations 

plus any unsupported nodes) in the order in which the stations occur on the stinger, 

beginning at the stern of the laybarge and proceeding to the stinger tip.  

TABL =`Specifies the column order of tabular data entered for each station on the stinger. The 

data to be entered and the column order in which the data are given are defined by a list 

of key  words, enclosed in parentheses and separated by commas or blanks, which 

follows the TABL keyword. The TABL keyword must be entered after all scalar data 

(identified by the keywords given above) have been specified. See the example.  
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X =  Horizontal (X) coordinate of the present pipe support, hinge or unsupported pipe, cable 

or stinger node; required with GEOM options 1,2,5 and 6 (feet;meters) (optional) (Notes 

7,8).  

Y = Elevation (Y coordinate) of the present pipe support, hinge or unsupported pipe, cable or 

stinger node; required with GEOM options 1 and 2 (feet;meters) (optional) (Notes 

7,8,11).  

SUPP =  Row index of the present pipe support in the support property table. The support types 

of the first six property table entries are (optional) (Notes 12,13):  

1 = Simple pipe support; the support resists the downward vertical displacement of 

the pipe and cable. The pipe and cable are free to lift-off the support when 

appropriate (this is the default support type).  

2 = Not used on the stinger (tensioner).  

3 = Inverted pipe support; the support resists the upward vertical displacement of 

the pipe and cable. The pipe and cable are free to move downward (fall away 

from the support) when appropriate.  

4 = Full encirclement support; the support resists both the upward and downward 

vertical displacements of the pipe and cable. The pipe and cable are not 

permitted to move above or below the limits imposed by the support's top and 

bottom rollers (Note 14).  

5 = Not used on the stinger (davit).  

6 = Not used on the stinger (davit).  

The following codes are used to indicate that a pipe support does not exist at the present 

station (Note 15):  

100 = Unsupported node pair; a pair of pipe and stinger nodes will be generated at the 

present station, but the nodes will not be connected by a support element.  

200 = Unsupported pipe node; only a pipe node will be generated at the present station. 

No stinger node or support element will be created.  

300 = Unsupported stinger node; only a stinger node will be generated at the present 

station. No pipe node or sup  port element will be created.  

SECT = Row index, in the stinger element property table, of the stinger element immediately 

forward of the present station. The row index is used to specify the element type and 

physical proper  ties of stinger elements. The element types of the first three (3) 

property table entries are (Optional) (Notes 16,17):  

1 = Fixed-end beam element; the element is rigidly connected to the preceding 

stinger element with respect to rotations about both principal axes of the stinger 

cross section. 

2 = Hinged-end element; the element is freely hinged at its forward end with 

respect to rotation about the horizontal principal axis of the stinger cross section, 

and fixed with respect to rotation about the vertical principal axis.  

3 = Double hinged-end element; the element is freely hinged at its forward end 

with respect to rotations about both the horizontal and vertical principal axes of the 

stinger cross section.  

LENG = Length of the present stinger element; the distance between the present pipe support, 

hinge or unsupported pipe, cable or stinger node and the preceding node. Required with 
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GEOM options 3 and 4 (feet;meters) (optional) (Note 18).  

====================== 

Notes:  

1. OFFPIPE automatically positions a pair of pipe (or cable) and stinger nodes at each pipe 

support on the stinger. A pair of unsupported nodes is also created at each hinge aft of the 

stinger hitch. Additional unsupported pipe, cable and stinger nodes can be placed by the user at 

points which do not coincide with a pipe support or hinge. For example, unsupported stinger 

nodes can be added so the positions of the stinger elements will more closely mimic the ballast 

tank configuration of the actual stinger. To be consistent with the BARG record, unsupported 

nodes are requested in the SUPP field.  

2. See Section 4.3.4.4 for a detailed description of the stinger geometry options that can be 

selected in the GEOM field. 

3. Stinger geometry options GEOM = 5 and GEOM = 6 cannot be used for an articulated stinger.  

4. See Section 4.3.4.3 for a detailed discussion of the stinger models provided by OFFPIPE.  

5. The fixed geometry stinger (GEOM = 1) is intended to model a fixed stern ramp that is rigidly 

attached to the laybarge. However, it can also be used to model a conventional or fixed 

curvature stinger, in static analyses in which a ballasted structural stinger model is not required. 

The fixed geometry stinger option can be used, with OFFPIPE's optional stinger ballast 

schedule output, to estimate the bal  last schedule required to obtain a given stinger 

configuration. Be  cause of differences in the way the geometry of an articulated stinger is 

defined, a separate option (GEOM = 5) is provided for fixed geometry articulated stingers.  

6. OFFPIPE generates the articulated stinger model, in a piecewise linear fashion, by fitting each 

hinged stinger section to the circular arc defined by the stinger tangent point and radius of 

curvature. Thus, the tangent point coordinates and stinger radius must always be de  fined 

when an articulated stinger is used, even if the stinger geometry is given by GEOM option I or 

2.  

7. The coordinates and angles of points on the stinger are always expressed on the STIN record 

in terms of the laybarge oriented coordinate system shown in Figure 4-10. In the laybarge 

coordinate system, the elevation (Y coordinate) and angle of a point are defined relative to the 

deck of the laybarge. The position of the point X = 0 on the laybarge is chosen by the user on 

the BARG record. See Section 4.3.3.3 for a detailed discussion of the laybarge coordinate 

system.  

8. When the coordinates of points on the stinger are entered explicitly in the TABL = (X,Y,...) 

field, using GEOM options 1, 2, 5 or 6, their values can be defined with respect to the stinger 

hitch or any other convenient reference point on the stinger. After the coordinates have been 

entered, they are transformed to the laybarge coordinate system automatically using the X and 

Y coordinates of the reference point or temporary origin given in the XORG and YORG fields. 

See Section 4.3.3.3 and Figure 4-10.  

9. The stinger model can be rotated model has been assembled and its about the stinger hitch, 

after the geometry has been defined, using the angle entered in the ROTA field. A positive 

angle of rotation will lower the stinger tip.  

This feature allows the coordinates of points on the stinger to be defined with the stinger in a 

convenient orientation (e.g. horizontal) and then rotated to a position more suitable for pipelay. 

It can also be used to fix the position of the stinger at an initial angle different from the value 
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chosen by OFFPIPE when it assembled the stinger model. A different angle might be used, for 

example, to simulate the stinger floating on the water surface in an abandonment or recovery 

analysis.  

10. The tangent point is the point at which the radius of curvature that defines the geometry of the 

pipe and cable on the stinger is assumed to be tangent to the curve formed by the pipe and 

cable nodes on the laybarge. When a tangent point is required, its X coordinate must always be 

given explicitly in the XTAN field. Depending upon the GEOM option selected, the elevation 

(Y coordinate) and angle of the tangent point can be given explicitly in the YTAN and ATAN 

fields, or calculated internally by OFFPIPE so they match the curve formed by the pipe and 

cable on the laybarge.  

11. In OFFPIPE, the Y coordinates of points on the pipe and cable al  ways refer to their B.O.P. 

(Bottom Of Pipe) elevation. The Y coordinates entered for pipe supports on the stinger define 

the elevation of the bottom surface of the pipe or cable when it is resting on a sup  port. Note 

that the values given for the tangent point elevation and pipe support radius also describe the 

B.O.P. elevation of the pipe or cable.  

The only exception to this “B.O.P. rule” is the full encirclement, type 4, pipe support. The Y 

coordinate entered for a type 4 support defines the elevation of the lower surface of the pipe or 

cable when it is centered in the support. The pipe or cable is centered in the support when the 

spacing between it and the surrounding support rollers is the same on all sides of the pipe or 

cable.  

12. In two dimensional analyses, pipe supports can be modeled either as simple point supports or 

as finite length, roller bed or track type supports. These supports can be positioned above 

and/or below the pipe or cable. In a full encirclement (type 4) support, the top and bottom 

rollers may be separated by a distance that is greater than J the pipe diameter, allowing the 

pipe or cable some limited (vertical) freedom of movement within the support.  

In three dimensions, pipe supports are modeled as symmetric pairs of horizontal and vertical 

rollers which both support or restrain the pipe and cable vertically, and limit their lateral 

movement. The horizontal roller pair can be replaced by a finite length roller bed. A full 

encirclement (type 4) support consists of four pairs of rollers which completely surround the 

pipe and cable. Each roller pair may be inclined (at an angle) relative to the horizontal or 

vertical axis of the pipe support. As in two dimensions, the separations between pairs of rollers 

can be greater than the pipe diameter, allowing the pipe and cable some limited freedom of 

movement within the support. See Section 4.4.3 for a detailed discussion of the pipe support 

models provided by OFFPIPE.  

13. The properties and support type, of each pipe support, are specified by referencing the row of 

the support property table in which the properties are stored. The first six rows of the property 

table are re  served for the support types shown. These rows are used by OFF  PIPE for its 

default pipe support models. The default properties for these entries are automatically loaded 

by OFFPIPE (their values can be redefined by the user). Property table rows with indices 

greater than six are reserved for user defined pipe supports. The support properties are entered 

into the support property table using the SUPP record. See Section 4.4.3 for a detailed 

discussion of the sup  port property table and pipe support models provided by OFFPIPE.  

14. When the separation between the top and bottom rollers of a full encirclement (type 4) support 

is greater than the external diameter of the pipeline or cable, it is assumed that the support 
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elevation given by the BARG or STIN record defines the position of the pipe or cable when it 

is centered in the support. In this case, it is assumed that the purpose of the full encirclement 

support is to limit the range of motion of the pipeline and not to simply support its weight. The 

separation between the top and bottom rollers is specified on the SUPP record.  

15. Unsupported stinger nodes (SUPP = 100 or 300) can be used to eliminate the unsupported pipe 

node above a stinger hinge, to extend the tip of the stinger model without adding a pipe 

support, and to define stinger element lengths that more closely mimic the ballast tank 

configuration of the actual stinger (the placement of the nodes determines the lengths and 

positions of the stinger elements).  

16. The properties and element type of each stinger element are specified by referencing the row 

of the stinger element property table in which the properties are stored. The property table row 

index is given in the SECT field. The first three rows of the property table are reserved for the 

element types shown* These rows are used by OFFPIPE for its default stinger element models. 

The properties of these entries are automatically loaded by OFFPIPE (their values can be 

redefined by the user). Property table rows with indicies greater than three are reserved for 

user defined stinger elements. The stinger element properties are entered into the property 

table using the SECT record See Section 4.3.4.2 for a detailed discussion of the stinger 

element types provided by OFFPIPE.  

17. If the property table row indices of the stinger elements are not specified in the SECT field, 

default property table indices (element types) will be assigned by OFFPIPE. The values 

assigned are limited to the first three rows of the property table and depend upon the type of 

stinger model being used. For a conventional or rigid, truss type stinger (TYPE = 1 or 3), the 

first element is a hinged-end (type 2) element and the remaining elements are fixed-end (type 

1) elements For an articulated stinger, the lst, 4th, 7th, ... , etc. elements are hinged-end) type 2) 

elements and the remaining elements are fixed  end (type 1) elements. The user can define 

nonstandard stinger con  figurations by specifying the property table indices of the individual 

stinger elements and overriding their default values. See Section 4.3.4.2 for a detailed 

discussion of the stinger models provided by OFFPIPE.  

18. When the stinger geometry is defined using element lengths and a radius of curvature (GEOM 

= 3 or 4), OFFPIPE calculates the coordinates of points on the stinger by fitting the element 

lengths (given in the LENG field) to the circular arc defined by the tangent point and radius of 

curvature (given in the XTAN, YTAN, ANGL and RADI fields) in a piecewise linear fashion. 

The coordinates are calculated beginning at the stinger hitch and proceeding toward the stinger 

tip. For the purpose of fitting the element lengths to this circular arc, the first point on the 

stinger is assumed to be the point on the arc closest to the stinger hitch. This method for 

defining the stinger geometry is intended primarily for use in parameter studies and analyses in 

which a precise model of a particular stinger geometry is not required. If a more accurate 

stinger model is required, the stinger geometry should be defined using GEOM options 1, 2, 5 

or 6. 
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Purpose:  Enter the physical properties of pipe supports into the ( support property table (Note 1).  

Keyword: *SUPP 

 

Data Field Keywords:  

ROW = Row index of the present support property table entry.  

TYPE = Support type of the present support property table entry. The valid support types are 

(Note 2):  

1 = Simple pipe support; the support resists the downward vertical displacement 

of the pipe and cable. The pipe and cable are free to lift-off the support when 

appropriate (this is the default support type).  

2 = Pipe tensioner or A&R winch; the support applies an axial tension to the pipe 

or cable on the laybarge, and resists both the upward and downward vertical 

displacement of the pipe and cable.  

3 = Inverted pipe support; the support resists the upward vertical displacement of 

the pipe and cable. The pipe and cable are free to move downward (fall away 

from the support) when appropriate.  

4 = Full Encirclement support; the support resists both the upward and downward 

vertical displacements of the pipe and cable. The pipe and cable are not 

permitted to move above or below the limits imposed by the support's top and 

bottom rollers.  

5 = Simple axial force davit cable element (Note 3);  

6 = True catenary davit cable element (Note 3).  

AXIA = Axial stiffness of the first tensioner (type 2) element; its stiffness in the direction of the 

longitudinal axis of the pipe or cable This field is not used for other element types 

(kips/foot;kN/m) (optional) (Note 1).  

VERT = Stiffness of the top and and tensioner elements bottom rollers or (kips/foot;kN/m) tracks 

of pipe support (optional) (Note 1).  

DEFL = Static deflection of the top and bottom rollers or tracks of pipe support and tensioner 

elements under a reference pipe load roughly equal to the weight of the average pipe 

span between supports (inch;cm) (optional) (Note 4).  

HORI = Stiffness of the side rollers or lateral restraints of pipe support and tensioner elements 

(kips/foot;kN/m) (optional) (Note 1).  

ANGL = Angle of the two bottom rollers of the support relative to the 1o  cal horizontal (Z) axis; 

used with pipe support elements only to define a “V” roller configuration. This angle 

must be between O and 90 degrees (default = 0 deg.) (optional) (Note 5).  

INCL = Angle of the two side rollers of the support relative to the local vertical (Y) axis; used 

with pipe support elements only to incline the side rollers. This angle must be between 

O and 90 degrees (default = 0 deg.) (optional) (Note 5).  

OFFS = Offset between each side roller of the support and the support centerline; used with pipe 

support elements only to define the pipe's lateral freedom of movement between the side 

rollers When the side rollers are inclined, the offset is measured from the support 
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centerline to the intersection of the bottom and side rollers. (feet;meters) (default = 0) 

(optional) (Note 5).  

LENG = Effective length of the top and/or bottom roller bed or track of the pipe support; used to 

calculate the pipe stresses due to the localized bending of the pipe over the support 

(feet;meters) (de  fault = 0) (optional) (Notes 6,7).  

HEIG = Vertical separation between the top and bottom rollers or tracks of the pipe support; used 

with full encirclement (type 4) sup  ports only to define the pipe's vertical freedom of 

movement within the support. This distance is measured at the centerline of the support 

(feet;meters) (default = 0) (optional) (Notes 8,9).  

====================== 

Notes:  

1. If the physical properties of pipe supports and tensioners are not specified using the SUPP 

record, their default values will be assigned by OFFPIPE. The default values of the support 

properties are adequate for many problems. The default stiffnesses of the pipe sup  ports and 

tensioners are sufficiently high that support deflections can usually be neglected. The SUPP 

record, however, must be used to specify the roller bed length, side roller offset, vertical roller 

separation and roller angles when modeling pipe supports that have these features. See Section 

4.3.5 for a detailed discussion of the pipe support models provided by OFFPIPE.  

2. The properties and support type, of each pipe support, are specified on the BARG and STIN 

records by referencing the row of the support property table in which the properties are stored. 

The first six rows of the property table are reserved for the support types shown These rows are 

used by OFFPIPE for its default pipe support models The properties for these entries are 

automatically loaded into the table by OFFPIPE, but their values can be redefined by the user 

using the SUPP record. Property table rows with indices greater than six are reserved for user 

defined pipe supports.  

Note that the element type specified in the TYPE field, for the first six rows of the support 

property table, must be the same as the property table row index given in the ROW field, e.g. 

the first property table entry must be a simple (type 1) pipe support. This restriction is imposed 

to ensure that the element types of OFFPIPE's default pipe supports are not changed 

accidentally. Property table rows numbered greater than six may be used with any element type. 

See Section 4.4.3 for a detailed discussion of the support property table and pipe support 

models provided by OFFPIPE.  

3. The properties of davit cable elements are entered into the support property table using the 

DCAB record.  

4. If the stiffnesses of the support rollers are not given in the VERT and HORI fields, but a value is 

specified for the support deflection in the DEFL field, this support deflection and a reference 

pipe load roughly equal to the weight of the average pipe span between supports on the laybarge 

and stinger will be used to calculate the support stiffnesses.  

5. The roller angles, side roller offset and support height entered in the ANGL, INCL, OFFS and 

HEIG fields are illustrated in Figure 4-16.  

6. The value entered in the LENG field is the effective length of the roller bed or track which 

supports the weight of the pipe or cable and/or limits its displacement in the vertical direction. 

Normally OFFPIPE models pipe supports on the laybarge and stinger as point supports 

However, if the pipe tension is very high and/or the pipe diameter is small, this assumption can 
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produce unreasonably high calculated pipe stresses in the overbend because of localized 

bending which takes place at the supports. If the effective length of a pipe support is significant, 

it may be desirable to specify its true length and eliminate any potential errors caused by 

inappropriate local bending.  

Note, however, that this feature should only be used when the effective length of the pipe 

support is small compared to the distance between supports. It is not intended for modeling very 

long roller carriages like those sometimes used in deep water to completely eliminate the pipe 

spans between supports. Note also that the effective length can only be specified for the top and 

bottom rollers or tracks of the pipe support. It is not used for the vertical side rollers. The side 

rollers are always modeled as point supports.  

7. When the roller bed (or track) length is specified in the LENG field, it is assumed that the pipe 

is uniformly supported over the length of the roller bed. If the pipe is actually supported only at 

the ends of the roller bed (perhaps by a single roller at each end), the value entered for the 

effective roller bed length should be twice (2x) the actual length of the roller bed.  

8. The support height entered in the HEIG field is the difference between the elevation of the 

bottom of the pipe, when it is centered in the pipe support and resting on the two bottom rollers, 

and the elevation of the top of the pipe, when it is centered in the support and in contact with 

the two top rollers. It represents the maximum vertical distance that the pipe is free to move 

between the top and bottom rollers of the support, at the centerline of the support. The support 

height is required only for full encirclement (type 4) pipe supports. It is illustrated in Figure 

4-16.  

9. When the separation between the top and bottom rollers of a full encirclement (type 4) support 

is greater than the external diameter of the pipeline or cable, it is assumed that the support 

elevation given on the BARG or STIN record defines the position of the pipe or cable when it is 

centered in the support. It is assumed that the purpose of the full encirclement support is to limit 

the range of motion of the pipeline and not to simply support its weight. 
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Purpose:  Specify the pipe tension on the laybarge or at the free end of the pipeline in span 

analyses.  

Keyword: *TENS 

 

Data Field Keywords:  

TENS = Total static pipe tension applied on the laybarge in pipelaying analyses, or the residual 

pipe tension at the free end of the pipe string in span analyses; not required in davit lift 

analyses (optionsl) (kips;kN) (Note 1).  

TMIN = Minimum total pipe tension applied on the laybarge in dynamic pipelaying analyses; 

used to define the lower bound of the tensioner's dead band; not used in static analyses 

(optional) (kips;kN) (Note 2).  

TMAX = Maximum total pipe tension applied on the laybarge in dynamic pipelaying analyses; 

used to define the upper bound of the tensioner's dead band; not used in static analyses 

(optional) (kips;kN) (Note 2).  

BOTT = Horizontal pipe tension on the seabed; used in static pipelaying analyses only; provided 

as an alternative to specifying the tension on the laybarge; not required in davit lift 

analyses (optional) (kips;kN) (Note 3).  

====================== 

Notes:  

1. In pipelaying analyses, the value entered in the TENS field is the total static pipe tension 

applied to the pipeline on the laybarge. When multiple pipe tensioners are used, the total tension 

is assumed to be evenly distributed between the tensioners. In pipe span analyses, this value is 

the residual pipe tension at the first pipe node whose elevation is given on the SPAN record.  

2. In dynamic pipelay analyses, the total pipe tension on the laybarge can be allowed to vary over 

a range of values which is referred to as the tensioner's dead band. The upper and lower bounds 

of this dead band are defined by specifying the minimum and maximum values of the dynamic 

pipe tension*  If the total pipe tension falls below its minimum specified value, the tensioner 

will automatically take up pipe, as necessary, to maintain the pipe tension at its minimum value. 

If the pipe tension exceeds its maximum specified value, the tensioner will automatically pay 

out pipe to maintain its maximum value. 

3. In deep water pipelay analyses, it is often easier to define the static pipe tension on the seabed. 

This option is provided so the user can specify the pipe tension at the most convenient point. 

Note, however, that the static pipe tension must always be specified at one of these two 

locations, either on the laybarge or on the seabed. 
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Purpose:  Specify the numerical integration time limits for dynamic analyses (Note 1)  

Keyword: *TIME  

 

Data Field Keywords:  

STEP = Time step length to be used for numerical integration in dynamic analyses  (default = 

regular wave period/50)  (seconds) (optional) (Note 2).  

STAR = Time at which sampling of the numerical solution will begin; roughly the time at which 

the steady state should be reached (default = 6 x regular wave period) (seconds) 

(optional) (Note 2).  

STOP = End time for the numerical integration; the time at which the numerical integration will 

be completed (default = 7 x regular wave period) (seconds) (optional) (Note 2).  

SAMP = Time step length to be used for sampling the numerical solution; must be an integer 

multiple of the integration time step length (default = 2 x integration time step) (optional) 

(seconds) (Note 2).  

DAMP = Damping coefficient used to ensure the stability of the numerical integration (default = 

0.1) (optional) (Note 3).  

====================== 

Notes:  

1. See Section 4.5 for a detailed discussion of the numerical time integration method used by 

OFFPIPE.  

2. When a wave spectrum is specified using the SPEC or SPTA record, the default integration 

times are given by: 

Time step length =  0.2 seconds  

End time = 360 seconds 

Sampling begins at =  60 seconds 

Sampling time step =  0.4 seconds  

3. The damping coefficient must be between 0.0 and 1.0. A value of 0.0 corresponds to zero (no) 

damping. A value of 1.0 corresponds to maximum (Euler) damping. Damping coefficients less 

than 0.0 are unstable and cannot be used. The time integration error increases as the damping 

coefficient approaches 1.0. It is recommended that the default damping coefficient (0.1) be used 

in all problems. 
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Purpose:  Define the characteristics of a 2-dimensional regular wave.  

Keyword: *WAVE 

 

Data Field Keywords:  

HEIG = Wave height, measured crest to trough (feet;meters) (Note 1).  

PERI = Wave period (seconds) (Note 1).  

DIRE = Wave direction of travel (degrees) (Note 2).  

====================== 

Notes:  

1. The WAVE record is used to define the characteristics of a single regular wave. This regular 

wave is two (2) dimensional with a constant period and wave height specified in the PERI and 

HEIG fields The wave has a sinusoidal surface profile. Because wave heights are normally 

small for pipelay analyses, its water particle velocities and accelerations are calculated using the 

linear or Airy wave theory.  

2. The sign convention used for the wave direction of travel, specified in the DIRE field, is the 

same as that used for the laybarge heading and steady currents. The wave direction (angle) is 

positive if it represents a clockwise rotation about the vertical Y axis, when viewed from above. 

A wave traveling in the direction of the global X axis (parallel to the pipeline right-of-way and 

approaching the laybarge form the stern) has a wave direction of zero degrees. A wave traveling 

in the direction of the global Z axis (approaching the laybarge from the port side) has a direction 

of +90 degrees. The sign convention for the wave direction is illustrated in Figure 4-20. 
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Purpose:  Define the weights and displacements of stinger elements (Note 1).  

Keyword: *WEIG 

 

Data Field Keywords:  

NUMB = Number of stinger elements; the number of stations and unsupported stinger nodes in 

the stinger model.  

The following keywords are used to enter tabular data associated with each stinger 

element and to specify the column order in which this data is given. The tabular 

data to be entered is identified, and the column order of the table is defined, by a 

list of keywords (enclosed in parenthesis and separated by commas or blanks)  

which follows the TABL keyword.  

Once the data and column order have been specified, the data values are entered on 

N consecutive lines (N = number of stinger elements) in the order in which the 

elements occur on the stinger, beginning at the stern of the laybarge and proceeding 

to the stinger tip.  

TABL = Used to specify the column order of tabular data entered for each stinger element. The 

data entered and column order in which the data are given are defined by a list of 

keywords, en  closed in parentheses and separated by commas or blanks, which follows 

the TABL keyword. The TABL keyword must be entered after all scalar data (identified 

by the keywords given above) have been specified. See the example.  

WEIG = Weight in air of the present stinger element (without ballast) (kips;kN) (Notes 2,3,4).  

DISP = Displacement of the present stinger element (kips;kN).  

====================== 

Notes:  

1. In static pipelaying analyses, the BUOY record may be used in place of the WEIG and BALL 

records to specify the net buoyancies of the stinger elements. The WEIG record cannot be used 

at the same time as the BUOY record.  

2. The weights and displacements of the stinger elements, given in the WEIG and DISP fields, are 

assigned to the elements in order, beginning at the stinger hitch and proceeding to the stinger 

tip. 

3. Note that the stinger element weights and displacements, entered in the WEIG and DISP fields, 

represent the total weight and displacement of each element, not the weight or displacement 

per-unit length.  

4. The ballast contents of the stinger elements are entered using the BALL record.  



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (4-1) 

4.0 Pipelaying Analyses 

  This chapter provides detailed descriptions of the coordinate systems, sign conventions and 

modeling techniques used by OFFPIPE in pipelaying analyses. Also included are descriptions of 

the methods used, in OFFPIPE, to define the geometry's of the laybarge, stinger and sagbend, and 

the physical properties of the pipe, cable, pipe support and stinger elements. 

  The purpose of this material is to enable the user to better understand OFFPIPE's input data, and 

to correctly use and interpret the results of analyses performed by OFFPIPE. Much of the material 

in this chapter is related to the input data requirements discussed in Chapter 3, but is too detailed 

or extensive to be included as a note in that chapter. 

  Although this chapter is primarily concerned with pipelaying analyses, much of the information 

presented is also applicable to davit lifts, flexible risers, pipe span analyses and other analysis 

modules provided by OFFPIPE. This chapter should be read by users that are planning to use any 

of OFFPIPE's analysis capabilities. 

4.1 Global Coordinate System 

  In OFFPIPE, the coordinates of the pipe, cable, pipe support and stinger nodes, and the 

geometry of the finite element model, are defined in terms of a common, global coordinate system. 

For pipelaying analyses (Similar global coordinate systems are used by the other, optional analysis 

modules provided by OFFPIPE. The orientations of the X, Y and Z axes, however, may differ in 

some modules. The orientation of the global coordinate system is chosen for maximum 

convenience in the class of problems considered by each module.), this global coordinate system 

is oriented as shown in Figures 4-1 through 4-3. 

4.1.1 Global Coordinate Axes 

  In the global coordinate system, the X axis is horizontal and positioned in such a way that it lies 

on the (still) water surface. The X axis is parallel to the pipeline right-of-way, and directly above 

the line along which the pipeline is being laid on the seabed. The positive X axis points in the 

direction in which the pipeline is being laid. 

 

 

Figure 4-1, The global coordinate axes used by OFFPIPE. 
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Figure 4-2, The position of the origin of the global system when the laybarge heading, trim angle 

and offsets are zero. 

 

Figure 4-3, The position of the origin of the global system when the laybarge heading, trim angle 

and offsets are non-zero. 

  The global Y axis is vertical and perpendicular to the water surface. The Y axis is directed 

upward, and its orientation is such that the global Y coordinate of a point is equal to zero at the 

water surface, positive above the surface, and negative below the surface. Note that the global X 

and Y axes are defined in such a way that the line along which the pipeline is being laid on the 

seabed (the presumed center of the pipeline right-of-way) is contained in the X-Y plane. 

  The global Z axis is horizontal and perpendicular to the global X-Y plane. The orientation of the 

Z axis is such that the X, Y and Z axes form a right-handed coordinate system (Note that two (2) 

other temporary, local coordinate systems are used, by OFFPIPE, to conveniently define the 

positions of pipe supports and other points on the laybarge and stinger, in the input data. These 

temporary coordinate systems are described in Sections 3.3.3.2 and 3.3.4.4.). Note that the global 

X and Z axes are defined, in such a way, that the X-Z plane exactly coincides with the water 

surface. 
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4.1.2 Angular Coordinates 

  Because large rotations in three dimensions cannot be represented as simple rotations about the 

global X, Y and Z axes, the angular coordinates of a point are defined in the global coordinate 

system as Euler angles. Euler angles are rotations that are applied in a fixed, predetermined order 

about non-orthogonal axes of rotation. The angular coordinates used in OFFPIPE are shown in 

Figure 4-1: 

□ Horizontal angle  . The horizontal angle is the projected angle, in the global X-Z plane, 

between the longitudinal X’ axis of the pipeline, cable or stinger, and the global X axis. Note 

that the horizontal angle represents a rotation about the vertical Y axis. The horizontal angle is 

positive if this rotation is clockwise when viewed from above, e.g. if the angle represents a left 

hand rotation about the Y axis. 

□ Vertical angle  . The vertical angle is the angle between the longitudinal X' axis of the 

pipeline, cable or stinger, and the horizontal X-Z plane. Note that the vertical angle represents a 

rotation about the Z' axis, which is horizontal and perpendicular to the longitudinal axis of the 

pipeline or stinger. The vertical angle is positive when it represents a right hand rotation about 

the Z' axis. 

□ Twist angle  . The angle of twist is the angle between the Z' axis of the pipeline, cable or 

stinger (For the pipeline and cable, the Z” axis is an internally defined reference axis used to 

keep track of torsional deformations. To simplify the calculated stresses and internal forces, the 

principal axes of the pipeline are assumed to be horizontal and vertical (See Section 3.2. 1).), 

and the inclined X'-Z' plane, shown in Figure 4-1. Note that the angle of twist represents a 

rotation about the longitudinal X1 axis of the pipeline, cable or stinger. The angle of twist is 

positive when it represents a right hand rotation about the X' axis. 

  It should be noted that the above set of angular coordinates is not the only such set which could 

be used. There are other possible combinations of Euler angles which would be equally valid. The 

above set of angular coordinates has been chosen, for use in OFFPIPE, because it is considered the 

most natural reference system for a human observer standing on the deck of a laybarge or other 

vessel. For the stinger, the Z' axis is the horizontal principal axis of the stinger cross section. 

  The above definition of the horizontal angle is consistent with the conventions used for compass 

and vessel headings, and the vertical angle defines the inclination or slope of the pipe or cable 

with respect to the surface of the earth. Note that the vertical angle is independent of the heading, 

and thus has the same meaning or physical interpretation in both two and three dimensional 

analyses. 

4.1.3 Position of the Global Origin 

  In pipelaying analyses, the position of the origin of the global coordinate system is determined 

partly by the physical geometry of the pipelaying problem, and partly by the user. The placement 

of the global X-Y and X-Z planes is defined automatically by the fixed positions of the centerline 

of the pipeline right-of-way and the water surface. 

  The placement of the global Y-Z plane (the plane in which X=0) is determined by the position, 

given by the user, for the origin of the lay barge coordinate system (The coordinates of pipe 

supports and other points on the laybarge are defined, in the input data, in terms of a temporary, 

laybarge oriented coordinate system (See Section 3.3.3.3). The position of the origin, in the 
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laybarge coordinate system, is chosen by the user. The position of the X-Z plane (the point at 

which X = 0) is defined implicitly, by the values given for the X coordinates of points on the 

laybarge, on the BARG record.). The position of the global Y-Z plane is chosen, in such a way, 

that it coincides with the position of the Y-Z plane in the laybarge coordinate system, when the 

laybarge heading, trim angle and offset in the global X direction are equal to zero. 

  Figure 4-2 shows the position of the origin of the global coordinate system when the laybarge 

heading, trim angle and offsets are equal to zero. Note that the laybarge and global coordinate 

systems are parallel in this case, and that the origins of the two coordinate systems almost coincide, 

as can be seen by comparing Figures 4-2 and 4-10. The only difference between the laybarge and 

global coordinate systems, shown in the two figures, is the position of the X-Z plane. In the global 

coordinate system, the X-Z plane is defined by the water surface. In the laybarge coordinate 

system, the X-Z plane coincides with the deck of the laybarge. 

  Figure 4-3 shows the position of the global origin, when nonzero values are given for the 

laybarge heading, trim angle and offsets. Note, in this case, that the laybarge and global coordinate 

systems are no longer parallel, and that the origins of the two coordinate systems clearly do not 

coincide (OFFPIPE assumes that the laybarge is initially placed directly above the centerline of 

the pipeline right-of-way. When a nonzero heading, trim angle and/or offset is applied to the 

laybarge, the laybarge is displaced away from this initial position. The origin of the global 

coordinate system, however, remains fixed in its original position above the right-of-way. Thus, 

the global and laybarge coordinate systems cannot coincide when the laybarge heading, trim angle 

or offset is nonzero.). 

  In OFFPIPE, the position of the point at which X=0 in the laybarge coordinate system is 

arbitrary and chosen by the user. For consistency, the origin of the laybarge coordinate system will 

be positioned at the transom of the laybarge in all illustrations and examples given in this 

document. 

  The position and orientation chosen for the global coordinate sys tem have several advantages. 

The global Y coordinate of a point defines the elevation or depth of the point relative to the water 

surface. The global Z coordinate defines horizontal the distance from a point to the center of the 

pipeline right-of-way. The position of the global coordinate system is fixed, with respect to the 

pipeline right-of-way, and does not change when the laybarge is moved. Thus, it easy to compare 

solutions obtained for different laybarge positions. The position chosen for the origin of the global 

coordinate system minimizes the differences between the laybarge and global coordinate systems, 

making it easier to interpret the results of pipelaying analyses. 

4.2 Principal Axes and Principal Planes 

  The internal forces in the pipeline and stinger, the pipe stresses (or strains), and the physical 

properties of the stinger elements are defined, in OFFPIPE, in terms of the two principal axes and 

principal planes of the pipeline and stinger cross sections. 

4.2.1 Principal Axes 

  The two principal axes of the pipeline and stinger cross sections are indicated by the y” and Z” 

axes shown in Figures 4-4 and 4-5. Because of their orientations, the Y” and Z” principal axes are 

referred to herein as the vertical and horizontal principal axes, respectively, of the pipeline and 

stinger cross sections. 
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  For the pipeline, the horizontal Z” principal axis is the axis which is parallel to the global X-Z 

plane (e.g. horizontal) and perpendicular to the longitudinal X” axis of the pipeline, as shown in 

Figure 4-4. The vertical Y” principal axis is the axis which is perpendicular to both the horizontal 

Z” principal axis and the longitudinal X” axis of the pipeline. Note that the X”, Y” and Z” axes are 

defined in such a way that they form an orthogonal, right-handed coordinate system. Note also 

that the orientation of the principal axes for the pipeline is independent of the angle of twist. The 

Z” principal axis is always horizontal, and the Y” principal axis always lies in the vertical plane 

which is defined by the longitudinal X” axis of the pipeline.  

 

Figure 4-4, The principal axis directions for pipe and cable elements. 

 

Figure 4-5, The principal axis directions for stinger elements are defined by the symmetry of the 

stinger cross section. 

  For the stinger, the horizontal Z” and vertical Y” principal axes are the local horizontal and 

vertical axes defined by the symmetry of the stinger cross section, as shown in Figure 4-5. Note 

that the principal axes of the stinger cross section are also defined in such a way that they form an 

orthogonal, right-handed coordinate system. Note also that the orientation of the stinger's principal 

axes is dependent on the angle of twist. The principal axes of the stinger cross section roll with the 

stinger. 

4.2.2 Principal Planes 
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  The two principal planes of the pipeline and stinger cross sections are the planes defined by the 

longitudinal X” axis, and the Y” and Z” principal axes of the pipeline and stinger cross section 

(the X”-Y” and X”-Z” planes in Figures 4-4 and 4-5). Because of their orientation, the two 

principal planes of the pipeline and stinger cross sections are referred to herein as the horizontal 

and vertical principal planes. The horizontal principal plane is the plane defined by the X” and Z” 

principal axes, and the vertical principal plane is the plane defined by the X” and Y” principal 

axes. 

  The bending moments and bending stresses (or strains) that result from the bending of the 

pipeline and stinger, about the two principal axes of their respective cross sections, are referred 

herein to as the horizontal and vertical bending moments and bending stresses (or strains). The 

moments and bending stresses that result from bending, about the horizontal principal axes of the 

pipeline and stinger cross sections, are referred to as the vertical bending moment and vertical 

bending stress, respectively, because they are the result of loads and deformations that take place 

in the vertical principal planes of the pipeline and stinger. 

  The moments and bending stresses that result from bending, about the vertical principal axes, 

are referred to as the horizontal bending moment and horizontal bending stress, respectively, 

because they are the result of loads and deformations that take place in the horizontal principal 

planes of the pipeline and stinger. 

  The pipe stresses and internal forces in the pipeline and stinger are expressed in terms of the 

vertical and horizontal principal planes, be cause this distinction helps to separate two dimensional 

and three dimensional effects. In a three dimensional analysis, the bending moments and bending 

stresses in the vertical plane are primarily the result of the pipe weight, pipe tension, stinger 

buoyancy, and other forces acting in the vertical plane. Thus the bending moments and bending 

stresses, in the vertical plane, are similar to the results obtained in a purely two dimensional 

analysis. 

  The horizontal bending moments and bending stresses, on the other hand, are primarily the 

result of forces and displacements acting in the direction that is perpendicular to the vertical plane. 

Thus, the bending moments and bending stresses, in the horizontal plane, primar ily represent 

three dimensional or out of plane effects. 

4.3 Pipelaying System Model 

  In pipelaying analyses, OFFPIPE uses a detailed finite element model, like that shown in Figure 

1-1, to represent the complete pipelaying system from the lineup station on the laybarge to the 

seabed. Specialized finite elements are provided to simultaneously model the pipeline and cable, 

stinger, pipe supports, tensioners and the seabed. 

4.3.1 Pipeline and Cable Models 

  In a conventional pipelay analysis, the pipeline and cable (used in abandonment and recovery 

problems) are represented by a continuous string of beam-like pipe and cable elements that extend 

from the line-up station or first pipe tensioner on the laybarge, to a point of apparent fixity on the 

seabed (In an initiation analysis (for example a hanging initiation), the pipeline or cable may 

terminate at a pinned connection which is positioned above the seabed or even, in some cases, 

above the water surface.). 

  On the laybarge, the pipeline and laydown cable are normally sup ported by one or more 
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discrete pipe supports and tensioner(s) (In and abandonment or recovery analysis, the tensioner 

element is used to model the A&R winch and apply an axial tension to the laydown cable.). These 

pipe supports and tensioner(s) are modeled, by OFFPIPE, using specially designed finite elements, 

like those shown schematically in Figure 4-6. The pipe support and tensioner elements are 

discussed in detail in Section 4.3.5. On the stinger, the pipeline and laydown cable are supported 

by one or more additional pipe support elements similar to those used on the laybarge. The finite 

element model of the pipeline and laydown cable, on the stinger, is shown schematically in Figure 

4-7. 

  Note that the pipe support and tensioner elements are illustrated using springs in Figures 4-6 

and 4-7. This representation is used only to indicate that the supports can be assigned user defined 

stiffnesses, and that they will deform under load. The actual support models used by OFFPIPE are 

much more sophisticated than a simple spring. 

  The points in the finite element model at which the pipe and cable elements are joined are 

referred to herein as nodes. These nodes are the points at which the displacements, internal forces, 

and stresses (or strains) in the pipeline and laydown cable are calculated by OFFPIPE. 

  In the laybarge and stinger models, the pipe and cable nodes are placed at the points at which 

the pipeline and laydown cable are sup ported by the pipe supports and tensioner(s). 

  The pipe and cable nodes are positioned at the support points, because these are the points of 

maximum stress or strain in the pipe. The placement of the nodes at the supports also increases the 

accuracy of the calculated pipe stresses, support reactions and separations, and ensures that the 

finite element model has sufficient resolution to accurately model the deflections of the pipeline 

and cable between supports. When necessary, additional unsupported pipe and cable nodes can be 

inserted between the supports. 

 

Figure 4-6, The finite element model for the laybarge. 
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Figure 4-7, The finite element structural model for the stinger. 

  In the sagbend, the unsupported pipe and cable span is modeled by a continuous string of pipe 

and cable elements that extends from the stinger tip, or stern of the laybarge (if no stinger is used), 

to the touch down point on the seabed. Note that because the finite element model is continuous at 

the stinger tip and the touchdown point, the correct end conditions for the unsupported span are 

determined automatically by OFFPIPE. 

  On the seabed, the finite element model of the pipeline and lay down cable extends from the 

touchdown point to a point of apparent fixity (The point of apparant fixity, on the seabed, is the 

point beyond which the state of the pipeline or laydown cable is assumed to be constant. The point 

of apparent fixity is placed sufficiently far, from the touchdown point, that the pipeline or cable 

there is undeformed, except for tensile and torsional (e.g. axial) deformations, and not affected by 

the bending and movement of the pipeline, which occur at the touchdown point.), which 

represents the end of the finite element model. The pipeline and laydown cable are supported, on 

the seabed, by a continuous, elastic-frictional foundation. This elastic-frictional foundation is 

modeled using a special soil element, which is discussed in Section 4.3.6. 

  Note that the lower end of the pipe and cable string can terminate either at a point of fixity on 

the seabed, or at a pinned connection which is presumably attached to a fixed platform or other 

structure which is above the seabed. If a pinned end connection is used, the pipe/cable model may 

or may not be resting on the seabed in the calculated solution, depending upon the values of the 

applied tension, water depth, length of the pipe/cable string, and other variables. 

4.3.2 End Conditions 

  The longitudinal and torsional end conditions, for the pipe and cable model, are applied at the 

first pipe tensioner on the laybarge and at the lower end of the pipe/cable string. The manner in 

which these end conditions are applied depends upon the type of analysis being per formed by 

OFFPIPE. 

  In a conventional, static pipelaying analysis, the axial fixity for the pipe/cable model is provided 

by the first tensioner on the laybarge. The longitudinal displacement of the pipe/cable is fixed at 

the first tensioner, and the pipe/cable is allowed to move, in the global X-axis direction, at the 

lower end of the pipe/cable string. The specified tension on the laybarge is achieved by applying 
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an axial force, equal to the horizontal tension in the sagbend, to the lower end of the pipe/cable 

string. The length of the unsupported pipe and cable span is calculated by OFFPIPE as part of the 

static solution. 

  Note that the lower end of the pipe/cable string may terminate either at the point of apparent 

fixity on the seabed, or at a pinned connection which is attached to a fixed platform or other 

structure. Although these points represent fixed points in the physical world, their positions in the 

finite element model are allowed to vary relative to the laybarge to achieve the specified pipe 

tension and determine the length of the unsupported span. In the finite element model, it is more 

convenient to fix the position of the pipe/cable on the laybarge, because the position of the 

laybarge defines the origin of the global coordinate system, and because the positions of the 

pipe/cable nodes are fixed relative to the sup ports on the laybarge and stinger. 

  In a static pipelaying analysis in which both the length of the pipe and cable string and the 

projected length of the unsupported span are specified, the longitudinal displacements of the pipe 

and cable model are fixed at both the first tensioner on the laybarge and at the lower end of the 

pipe/cable string (the pipe/cable is not allowed to move in the global X-axis direction at either 

end). The resulting pipe tension is calculated by OFFPIPE as part of the static solution. 

  In dynamic analyses, the pipe/cable model can be either fixed or free to move longitudinally on 

the laybarge, depending upon the type of tensioner model selected by the user. If the pipe and 

cable displacements are fixed with respect to the first tensioner, then the pipe or cable tension will 

depend only on the dynamic movements of the laybarge. If the pipe and cable are free to move, 

then the pipe or cable tension will be determined by the fixed value of the pipe/cable tension or 

tension dead band specified by the user. In dynamic analyses, the displacements of the pipe and 

cable model in the global X-axis direction are always fixed at the lower end of the pipe/cable 

string. 

  In static and dynamic analyses, the torsional rotations of the pipe and cable model, in three 

dimensions, are always fixed at both the first tensioner on the laybarge and at the lower end of the 

pipe/cable string. 

4.3.3 Laybarge Model 

  In pipelaying analyses, the laybarge is modeled as a rigid body. Boundary nodes are used, by 

OFFPIPE, to define the coordinates of the pipe supports, tensioner(s), and stinger hitch on the 

laybarge. There are no mathematical degrees of freedom associated with these boundary nodes. 

4.3.3.1 Laybarge Motions 

  In static analyses, the position of the laybarge and the coordinates of the boundary nodes, used 

to represent the pipe supports and tensioner(s) on the barge, are fixed. The laybarge position is 

completely de fined by its draft, heading and trim angle, and its offsets (The static position of the 

laybarge is defined by specifying its heading, trim angle and offsets, in the global X and Z 

directions. An offset in the X direction is used to displace the laybarge away from its assumed 

initial position, and is employed primarily to model forward and aft displacements of the laybarge, 

in davit lift analyses. An offset in the Z direction is used to define the lateral position of the 

laybarge relative to the pipeline right-of-way.) in the global X and Z axis directions. 

  In dynamic analyses, the laybarge and the boundary nodes used to represent the pipe supports 

and tensioner(s) on the barge move together, as a single rigid body, about the static position 
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defined by the laybarge trim angle, heading and offsets. All six possible dynamic motions of the 

laybarge (surge, heave, sway, roll, pitch and yaw) are modeled by OFF PIPE. The six laybarge 

motions and the sign convention used to define the motions are illustrated in Figure 4-8. Note that 

the roll and pitch motions of the laybarge, shown in Figure 4-8, represent right hand rotations 

about their respective axes, but the yaw motion represents a left hand rotation about the vertical (Y) 

axis. 

  The six dynamic motions of the laybarge are defined explicitly, as functions of time, by the 

wave conditions and laybarge motion response amplitude operators (RAOs) specified in the input 

data. The wave conditions that can be specified include (1) a single regular wave, or (2) a two 

dimensional wave spectrum. 

 
Figure 4-8, The laybarge center of motion and sign convention for the six laybarge motions. 

  The laybarge motion RAOs are curves which define the amplitude, phase angle and frequency 

of each of the six laybarge motions as functions of the amplitude, phase angle and frequency of 

the waves experienced by the laybarge. When a regular wave is specified, the laybarge motion 

RAOs are given in the input only for the single wave frequency and heading being considered. 

When a wave spectrum is used, the RAOs must be entered in tabular form to cover the complete 

range of frequencies present in the spectrum. 

  For a regular wave, both the wave surface profile and resulting wave induced motions of the 

laybarge are assumed to be sinusoidal. The period of each of the six laybarge motions is assumed 

to be equal to the wave period. Thus, each of the six laybarge motions is given, as a function of 

time, by an equation of the form:  

)cos()/(Re   tsHRsponse       (4.1) 

Where: 

R  laybarge motion RAO evaluated at the frequency  ; 

H  peak to trough wave height; 

  circular frequency of the wave (radians/second);  

t  time (seconds); 

  phase angle of the motion evaluated at the frequency  . 

  The dynamic motions of the laybarge are defined at a single point on the laybarge which is 

referred to as the center of motion (The center of motion is also used as the center of rotation 
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when a nonzero value is specified for the laybarge trim angle or heading.). The position of the 

center of motion on the barge is arbitrary and determined by the user. The center of motion may be 

chosen to coincide with the center of gravity of the laybarge or any other convenient reference 

point. 

  For a regular wave, the wave surface profile at the laybarge center of motion is given by an 

equation of the form:  

)cos()2/( tHAmplitude        (4.2) 

  Note that each of the laybarge motions defined by equation (4.1) is proportional to the wave 

height given by equation (4.2), and the constant of proportionality is given by the response 

amplitude operator R. Note also that the laybarge motions are, in general, out of phase with the 

wave profile. The phase difference between each motion and the wave profile is given by the 

phase angle  . 

  A two dimensional wave spectrum is represented, in OFFPIPE, by a limited number of discrete 

component waves. Each of these component waves is assumed to be sinusoidal, like the single 

regular wave considered above. The response of the laybarge to a wave spectrum is obtained by 

summing its responses to each of the individual component waves used to represent the spectrum 

(linear superposition). The laybarge response to each component wave is assumed to be sinusoidal, 

with a period equal to the period of the component wave. Thus, for a wave spectrum, each of the 

six motions of the laybarge is given by an equation of the form:  

  )cos()/(Re iiii tsHRsponse        (4.3) 

Where: 

i  wave frequency of the ith wave component;  

iR  RAO for the motion evaluated at the frequency i ; 

iH  peak to trough wave height for the ith wave component; 

i  phase angle of the motion evaluated at i . 

For a wave spectrum, the wave surface profile, at the laybarge center of motion, is given by an 

equation of the form: 

 )cos()2/( tHAmplitude ii        (4.4) 

4.3.3.2 Laybarge Geometry 

  The positions of pipe supports and tensioner(s) on the laybarge are prescribed, in the input data, 

by specifying the horizontal X coordinate of each pipe support or tensioner, and using one of 

several options illustrated in Figure 4-9 to define the elevations of the supports. The elevations of 

the pipe supports and tensioner(s) may be given by:  

1. Explicitly specifying the elevation (Y coordinate) of each pipe support or tensioner.  

Using this option, the elevation of each pipe support or tensioner is calculated by the user and 
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given explicitly in the input data.  

2. Specifying a constant radius of curvature and the horizontal x coordinate, elevation (Y 

coordinate), and angle of the pipeline at the laybarge tangent point.  

Using this option, the elevations of any pipe supports and tensioners aft of the tangent point 

are given by the circular arc which is defined by the specified tangent point and radius of 

curvature. The elevations of any supports and tensioners forward of the tan gent point are 

given by the straight line that passes through the tangent point (with the same slope) and 

extends forward to the line-up station.  

3. Specifying a constant radius of curvature, the horizontal X coordinate and elevation (Y 

coordinate) of the pipe on the stern shoe, and the elevation and angle of the pipeline at any 

point on the straight pipe ramp forward of the tangent point.  

 

Figure 4-9, The laybarge geometry options. 

Using this option, the coordinates and angle of the tangent point (the point where the circular 

arc and straight line meet) are calculated internally, by OFFPIPE, in such a way that the 

pipeline is just resting on the stern shoe. The elevations of any pipe supports and tensioners 

aft of the tangent point are then given by the circular arc defined by the calculated tangent 

point and radius of curvature. The elevations of any supports and tensioners forward of the 

tangent point are given by the straight line that passes through the tangent point.  

Note that this option is a variation of option (2) above. It is provided because, in many cases, 

the pipe radius and fixed elevation of the stern shoe determine the position of the tangent 

point. 

4. Specifying a constant radius of curvature, the horizontal X coordinate and elevation (Y 

coordinate) of the pipe on the stern shoe, and the coordinates and angle of the pipeline at the 

breakover point (The term “breakover point” is used herein to identify the forward most point 
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on the laybarge at which the tangent point can be placed. The position of the breakover point 

usually coincides with the position of the last tensioner or fixed height pipe support on the 

laybarge.).  

When this option is used, OFFPIPE first calculates the coordinates of the tangent point in such 

a way that the pipeline is just resting on the stern shoe. Then, if the resulting position of the 

tangent point is found to be forward of the breakover point, OFFPIPE substitutes the 

coordinates of the breakover point for the tangent point, and increases the elevation of the 

stern shoe until the pipe line is again resting on the stern shoe.  

The elevations of any pipe supports and tensioners aft of the tan gent point are given by the 

circular arc defined by the calculated tangent point and radius of curvature. The elevations of 

any sup ports and tensioners forward of the tangent point are given by the straight line that 

passes through the tangent point and extends forward to the line-up station.  

Note that this option is simply a combination of options (2) and (3) above. It is provided 

because the elevations of the pipe tensioner(s) and any pipe supports forward of the 

tensioner(s) are normally fixed, which limits the area in which the tangent point can be placed. 

(On most barges, the tangent point must be aft of the last tensioner or fixed height support.)  

5. Specifying the horizontal X coordinate, elevation (Y coordinate), and angle of the straight 

pipe ramp at the laybarge tangent point. 

Using this option, the elevations of the pipe supports and tensioners on the laybarge are 

simply given by the straight line defined by the coordinates and angle of the tangent point.  

6. Specifying the horizontal X coordinate, elevation (Y coordinate), and angle of the straight 

pipe ramp at the laybarge tangent point, but defining the positions of the pipe supports and 

tensioners on the laybarge before the ramp is rotated upward to the specified tangent point 

angle.  

Using this option, the coordinates of the pipe supports and tensioners are initially defined by a 

straight line which passes through the tangent point and is parallel to the deck of the laybarge. 

The horizontal X coordinates, specified for the pipe supports and tensioners, are used to 

determine their positions on the ramp when the ramp is in this initial orientation parallel to the 

deck. After the coordinates of the pipe supports and tensioners have been calculated, the ramp 

is then rotated upward, about the tangent point, to its correct inclined position.  

Note that this option is just a variation on option (5) above. It is primarily intended for use in 

J-lay analyses in which the pipe ramp is steeply inclined with respect to the barge deck. When 

this option is used, the horizontal X coordinates of the pipe supports and tensioner(s) define 

their positions along the inclined pipe ramp, rather than their positions relative to the barge 

deck. Thus, the ramp angle can be adjusted without changing the support spacings or 

reentering the X coordinates of the supports on the deck. 

  Note that options (2) through (4) above are provided as a convenience for the user. These 

options allow the laybarge geometry to be specified quickly and easily in situations, such as 

parameter studies, which do not require the elevations of the pipe supports to be calculated with 

great precision. In some cases, the use of options (2) through (4) can result in higher calculated 

pipe stresses and unevenly distributed support reactions near the tangent point, because the 

pipeline cannot make the sudden transition, from a straight ramp to a constant radius of curvature, 

which theoretically occurs at the tangent point. When the optimum pipe support geometry is 

required, the pipe support elevations should be estimated initially using options (2) through (4), 
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and then adjusted manually using option (1). 

  Note also that OFFPIPE allows the coordinates of the pipe supports and tensioner(s) on the 

laybarge to be rotated about a user defined pivot point, after their positions have been defined 

using any of the options listed above. This pivot option can be used, for example, to model the 

trunion in a J-lay system tower, and it provides another way of varying the angle of the pipe ramp 

without having to reenter the horizontal X co ordinates of the pipe supports and tensioner(s).  

4.3.3.3 Laybarge Coordinate System 

  The coordinates and angles of points on the laybarge are expressed in the input data in terms of 

the temporary, laybarge oriented coordinate system shown in Figure 4-10. In this laybarge 

coordinate system, the elevations (Y coordinates) and angles of the pipe supports and all other 

points on the laybarge are defined relative to the deck of the laybarge. For the purpose of 

specifying these elevations and angles, the deck is assumed to be horizontal (at zero trim).  

 

Figure 4-10, The temporary laybarge oriented coordinate used to define the laybarge geometry in 

the input data. 

  Note that the position of the Y-Z plane in the laybarge coordinate system (the point at which X 

= 0) is chosen by the user, and defined implicitly by the values given on the BARG record for the 

X coordinates of the pipe supports and other points on the laybarge. OFFPIPE only re quires that 

the X coordinates of all points on the laybarge be defined in terms of a single consistent system, 

and that the coordinates increase in value moving from the stern to the bow of the laybarge. 

However, it is standard practice and recommended that the origin of the laybarge coordinate 

system be placed at the stern (transom) of the laybarge, as shown in Figure 4-10. 

  The laybarge coordinate system is used, in OFFPIPE, to simplify the problem of defining the 

geometry's of the laybarge and stinger in the input data. Because the positions of points on the 

laybarge are defined relative to the barge deck, the barge draft, trim angle and heading, and the 

barge offsets can be varied without requiring that the user recalculate the position of each point on 

the laybarge. If it is ever necessary to reference the elevations of points on the laybarge to the 

water surface, this can be accomplished by setting the deck height and trim angle equal to zero. 

  Note that the laybarge coordinate system is used only to specify the coordinates of points on the 

laybarge and stinger in the input data. In OFFPIPE's printed output, the coordinates of the pipe and 

cable nodes on the laybarge and stinger are always expressed in terms of the global coordinate 

system discussed in Section 4.1 (OFFPIPE initially defines the coordinates of points, on the 

laybarge and stinger, in terms of the laybarge coordinate system, and then, if a nonzero value is 

specified for the laybarge heading, trim angle, or offset in the X or Z direction, applies the given 

heading, trim angle, or offset to the laybarge and stinger to obtain their correct three dimensional 

positions.). 
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4.3.4 Stinger Model 

  In pipelaying analyses, OFFPIPE provides a number of options for modeling the stinger and for 

defining the stinger geometry. The stinger can be modeled either as a rigid extension of the 

laybarge, or using one of several simplified structural models. The stinger geometry can be de 

fined by specifying the coordinates of each point on the stinger, or using one of several options 

which utilize a constant radius of curvature to de scribe the position and shape of the stinger. 

4.3.4.1 Fixed Geometry Stinger 

  When the stinger is modeled as a rigid extension of the laybarge, it is referred to as a fixed 

geometry stinger because its curvature and position are assumed to be fixed relative to the 

laybarge. The fixed geometry stinger is not represented, in OFFPIPE, by a structural model. Its 

position and geometry do not change in response to the pipe loads and hydrodynamic forces acting 

on the stinger. The positions of pipe sup ports on the fixed geometry stinger are defined by 

boundary nodes, like those used to define the coordinates of pipe supports on the laybarge (see 

Figure 4-11). There are no degrees of freedom associated with these boundary nodes.  

 

Figure 4-11, The fixed geometry is modeled as a rigid extension of the laybarge. 

  Because the fixed geometry stinger is modeled as a rigid extension of the laybarge, its position 

in static analyses is completely determined by the position (heading, trim angle and offsets) of the 

laybarge. In dynamic analyses, the laybarge and fixed geometry stinger move together as a single 

rigid body, and the motions of the stinger are completely de fined by the wave conditions and 

response amplitude operators (RAOs) specified, in the input data, for the laybarge. 

  The fixed geometry stinger can obviously be used to model a fixed pipe ramp mounted at the 

stern of the laybarge. However, its primary purpose is to model conventional stinger 

configurations in static analyses in which a ballasted, structural model of the stinger is not 

required. The stinger configuration, and the positions of the pipe supports on the stinger, are 

identical for the fixed geometry stinger model and the corresponding structural stinger model 

generated by OFFPIPE. Thus, the fixed geometry stinger can be used in place of the structural 

model whenever the structural properties of the stinger are not known, or it is not necessary to 

model the response of the stinger to changes in the pipe loads, ballast schedule, or hydrodynamic 

forces acting on the stinger. 

  The fixed geometry stinger is frequently used, in preliminary analyses and parameter studies, to 

model conventional, fixed curvature and articulated stingers. The fixed geometry stinger is also 

used, in conjunction with the optional stinger ballast schedule output, to estimate the stinger 
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ballast distribution required to achieve a given stinger position and geometry. 

4.3.4.2 Structural Stinger Model 

  When a structural model is used for the stinger, the static equilibrium configuration of the 

stinger and its dynamic response are automatically calculated by OFFPIPE. In static analyses, the 

physical properties and structural characteristics of the stinger, the stinger ballast distribution, and 

the pipe and current loads acting on the stinger are used to determine the stinger's equilibrium 

configuration. In dynamic analyses, OFFPIPE uses the above parameters plus the motions of the 

laybarge (at the stinger hitch) and the wave loads acting on the pipeline and stinger to determine 

the stinger's dynamic response. 

  In the structural model used by OFFPIPE, the stinger is represented by a series of beam-like 

elements which are joined, end-to-end, to form a one dimensional, lumped parameter model of the 

stinger. A typical stinger model is illustrated in Figure 4-7. The elements of this lumped parameter 

model are assigned physical properties (weight, displacement, bending stiffness, etc.) which are 

equivalent to the combined or aggregate properties of the multiple members which make up the 

corresponding sections of the actual stinger. 

  The points at which the stinger elements are joined together in the finite element model are 

referred to as the stinger nodes. In the stinger models used by OFFPIPE, these nodes normally 

coincide with the positions of the pipe supports and hinges on the stinger. One stinger node is 

assigned for each pipe support, and an additional node is generated for each hinge used in the 

stinger model when the hinges do not coincide with the pipe supports. Additional stinger nodes 

can be inserted between the hinges and pipe supports when necessary. The pipe support and hinge 

nodes are assumed to lie along the centerline of the stinger model when viewed from above_ 

  OFFPIPE provides three types of beam-like elements for constructing its structural stinger 

model. These three element types, shown in Figure 4-12, differ only in the way that the rotational 

fixities of the elements are defined at the forward end of each element. The stinger element types 

provided by OFFPIPE are: 

1. Fixed-end beam element. This element is rigidly attached to the preceding stinger element with 

respect to rotations about both principal axes of the stinger cross section.  

2. Hinged-end element. This element is freely hinged, at its forward end, with respect to rotations 

about the horizontal principal axis of the stinger cross section, and fixed with respect to 

rotations about the vertical principal axis.  

3. Double hinged-end element. This element is freely hinged, at its forward end, with respect to 

rotations about both the horizontal and vertical principal axes of the stinger cross section. 

  Rotational springs can be used with the hinged-end and double hinged-end stinger elements 

(types 2 and 3 above) to model compliant (spring loaded) hinges, and bumper-stops which limit 

the free rotation of the hinges. For rotations about the horizontal principal axis of the stinger cross 

section, these bumper-stops are assumed to be single acting. As shown in Figure 4-13, the 

bumper-stops are assumed to limit only the upward vertical displacement of the hinge (this is 

normally the case for an articulated stinger). For rotations about the vertical principal axis, the 

bumper-stops are assumed to be double acting and to limit rotation in both directions. 

4.3.4.3 Types of Stinger Models 

  The three stinger element types, described in the preceding section, can be assembled, by 
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OFFPIPE, into three types of structural stinger models. These three stinger models, shown in 

Figure 4-14, differ in the way that the adjacent elements of the stinger model are connected to 

each other. The three types of structural stinger models generated by OFFPIPE are:  

 

Figure 4-12, Stinger element types modeled by OFFPIPE. 

1. Conventional stinger. Except for the first element of the stinger model, the conventional 

stinger is assumed to be straight when it is undeformed. The first element is assumed to be 

connected to the stinger at an angle to permit the stinger to be connected to the hitch, which is 

normally placed below the longitudinal axis of the stinger. In its default configuration, the first 

element of the conventional stinger model is a hinged-end (type 2) element. The remainder of 

the stinger is constructed using fixed-end (type 1) elements.  

 

Figure 4-13, The single acting bumper-stop used for articulated stingers.  

The typical stinger modeled using the conventional stinger model consists of two straight 
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lengths of pipe joined by a series of “U” or “V” shaped cross members which hold the pipe 

supports. This type of stinger was widely used when the first offshore pipelines were being 

installed in the Gulf of Mexico, but it has not seen much use in recent years. It is usually very 

flexible. Its curvature is produced by using a ballast distribution that concentrates the 

buoyancy near the center of the stinger to deform the stinger into a near circular shape.  

2. Fixed curvature or rigid truss stinger. The fixed curvature stinger model is assumed to be 

curved when it is undeformed. The undeformed geometry of the stinger is assumed to be the 

geometry defined by the radius of curvature or explicit pipe support coordinates specified in 

the input data. In its default configuration, the first element of the fixed curvature stinger 

model is a hinged-end (type 2) element. The remainder of the stinger is constructed using 

fixed-end (type 1) elements. 

The typical stinger modeled using the fixed curvature stinger model consists of one or more 

very stiff, truss-type sections. Its curvature is fixed and determined by the angle(s) between 

the stinger sections and the positions of the pipe supports within each section.  

3. Articulated stinger. The articulated stinger model is composed of two or more hinged sections. 

Each section is assumed to consist of several (default = 3) stinger elements. Except for the 

first element of the first section, the stinger sections are assumed to be straight when the 

sections are undeformed. The first element is connected to the first section at an angle to 

permit the stinger to be connected to the hitch, which is normally placed below the 

longitudinal axis of the stinger. In its default configuration, the first element of each section of 

the articulated stinger model is a hinged-end (type 2) element. The remaining elements in each 

section are fixed-end (type 1) elements.  

The typical stinger modeled using the articulated stinger model consists of a series of 

relatively short sections which are joined by hinges. Each section is composed of two straight 

lengths of pipe which are joined by several “U” or “V” shaped cross members. The hinges at 

the ends of each section permit rotation about the horizontal principal axis of the stinger cross 

section, and may permit limited rotation about the vertical principal axis. Normally, two pipe 

supports are mounted on each stinger section. The individual stinger sections are usually 

relatively stiff, but because of the presence of the hinges, the stinger is very flexible overall. 

The stinger's curvature is determined by its ballast distribution and the physical characteristics 

of the pipeline. 

  The type of structural stinger model to be generated by OFFPIPE is specified on the STIN 

record. Note that the option numbers (1-6) used to select the stinger type on the STIN record are 

not the same as the indices (1-3) of the basic stinger types listed above. 

  The stinger models described above represent the default or standard configuration for each of 

the three basic stinger types generated by OFFPIPE. Other stinger models can be constructed from 

these three ba sic stinger types by specifying the element types of the individual stinger elements 

on the STIN record, and overriding the default element type assignments made by OFFPIPE. 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (4-19) 

 

Figure 4-14, The three types of structural stinger models generated by OFFPIPE. 

  For example, any of the three basic stinger models can be hinged at the stinger hitch, to permit 

rotation about both the horizontal and vertical principal axes of the stinger cross-section, by 

declaring the first stinger element to be a double hinged (type 3) element. Similarly, an articulated 

stinger can be hinged to permit rotation about both principal axes, at the forward end of each 

section, by declaring the first element of each section to be a double hinged element. 

  An articulated stinger model can be constructed using any of the three basic stinger types by 

specifying a type 2 or type 3 stinger element at appropriate points in the stinger model. An 

example of an articulated stinger model that has been generated by explicitly defining the element 

type of each stinger element is given in Section 7.3. 

4.3.4.4 Stinger Geometry 

  OFFPIPE provides several options, illustrated in Figure 4-15, for defining the coordinates of the 

pipe supports, hinges and any unsupported nodes on the stinger. The positions of these points on 

the stinger can be given by:  

1. Specifying the horizontal X coordinate and vertical Y coordinate of each point explicitly in 

the input data.  

The coordinates of points on the stinger may be given in terms of the laybarge coordinate 

system (see Section 4.3.3.3), or expressed in terms of a temporary, stinger oriented, local 

coordinate system. The origin of this stinger coordinate system may be chosen to be the 

stinger hitch or any other convenient reference point on the stinger.  

2. Specifying a series of stinger element lengths, a radius of curvature, and the coordinates and 

angle of the stinger tangent point.  

The coordinates of points on the stinger are calculated by fitting the stinger element lengths, 

in a piecewise linear fashion, to the circular arc defined by the given stinger radius and 
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tangent point. The stinger is constructed beginning at the hitch and proceeding to the stinger 

tip. The starting point used for fitting the stinger element lengths to the circular arc is assumed 

to be the point on the circular arc which is closest to the stinger hitch.  

3. Specifying the horizontal X coordinate of each point, a radius of curvature, and the 

coordinates and angle of the stinger tan gent point.  

The vertical Y coordinate and angle of each point on the stinger are calculated, for the given 

horizontal X coordinate, using the circular arc defined by the given stinger radius and tangent 

point. This method is primarily intended for use when the stinger consists of a fixed ramp 

mounted on the stern of the laybarge.  

 
Figure 4-15, Stinger geometry options provided by OFFPIPE. 

  The method to be used to define the stinger geometry is specified on the STIN record. Note that 

the option numbers (1-6) used to define the stinger geometry on the STIN record are not the same 

as the indices (1-3) given above. 

  The stinger angle and position (depth) obtained using any of the above options can be changed 

by rotating the stinger about the hitch after the stinger model has been generated. This feature can 

be used, for example, to fix the stinger at the water surface in an abandonment or recovery 

analysis if the pipe loads on the stinger are less than the stinger buoyancy. This feature also 

permits the X and Y coordinates given explicitly for points on the stinger (using option I above) to 

be expressed in terms of a convenient stinger orientation, and then rotated about the hitch to a 

more appropriate working position for the stinger. An example of the use of stinger rotation is 

given in Section 7.2. 

  Options (2) and (3) above are provided as a convenience for the user. These options allow the 

stinger geometry to be specified quickly and easily in situations, such as parameter studies, which 
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do not require the stinger geometry to be defined with great precision. In some cases, these options 

may not accurately reproduce the geometry of an actual stinger. Errors can occur because these 

options use a circular arc to de fine the stinger geometry. When a circular arc is used, the position 

of the stinger relative to the hitch, and the length and angle of the first stinger element change each 

time the stinger radius and tangent point coordinates are varied. Thus, the stinger geometry may 

not be reproduced accurately at the forward end of the stinger where the first stinger element is 

normally angled downward to connect with the hitch. 

  Depending upon the relative magnitudes of the pipe radii used on the laybarge and stinger, the 

use of options (2) and (3) can also result in slightly increased pipe stresses and unevenly 

distributed pipe support reactions near the tangent point, because the pipeline cannot make a 

sudden transition from one constant radius of curvature to another. When is necessary to 

accurately model a specific stinger, it is recommended that options (2) and (3) be used initially to 

estimate the stinger geometry, and that option (1) then be used to define the final geometry. 

  The coordinates of the stinger tangent point must always be de fined when the stinger geometry 

is specified using methods (2) and (3) above. The horizontal X coordinate of the tangent point is 

always given explicitly by the user in the input data. The stinger tangent point is usually placed at 

the stern of the laybarge, but its position is arbitrary, and any other suitable location can be chosen 

by the user. Two options are provided by OFFPIPE for defining the elevation (Y coordinate) and 

angle of the tangent point. The elevation and angle of the tangent point can be (1) given explicitly 

in the input data, or (2) they can be calculated internally by OFFPIPE in such a way that the 

circular arc defined by the stinger radius is tangent to the curve defined by the elevations of the 

pipe supports on the laybarge.  

  The stinger radius must always be specified for an articulated stinger model, regardless of 

which of the above options (1-3) is used to define the stinger geometry. The stinger radius is 

required because OFFPIPE constructs its articulated stinger models by fitting the stinger sections, 

in a piece-wise linear fashion, to the circular arc defined by the given stinger radius and tangent 

point. 

  Note that when the positions of the pipe supports and hinges on an articulated stinger are 

defined by entering their X and Y coordinates explicitly (option I above), only the lengths of the 

stinger sections and the angle of the first stinger element relative to the first section are defined by 

these coordinates. The overall position and curvature of the stinger are defined by the given 

stinger radius and tangent point. Because the stinger position is defined by its radius and tangent 

point, the X and Y coordinates given for points on the stinger do not have to represent a curved 

stinger configuration. The stinger elements can simply be laid out horizontally, as they might be in 

fabrication drawings of the stinger sections. 

  The position of the stinger hitch on the laybarge must always be specified when the stinger 

geometry is defined using method (2) above, and whenever an articulated stinger model or 

structural stinger model is used. The position of the stinger hitch is specified by entering the 

horizontal X coordinate and elevation (Y coordinate) of the stinger hitch pin centerline. The 

position of the stinger hitch, the position and angle of the stinger tangent point, and the X and Y 

coordinates of all points on the stinger are defined, in the input data, in terms of the temporary 

laybarge coordinate system. The laybarge coordinate system is shown in Figure 4 IO and 

discussed in Section 4.3.3.3. 

  In the laybarge coordinate system, the elevations and angles of points on the laybarge and 
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stinger are defined relative to the deck of the laybarge. For the purpose of describing the stinger 

geometry, the barge deck is assumed to be horizontal (at zero trim). The coordinates of points on 

the laybarge and stinger are automatically transformed by OFFPIPE from the laybarge coordinate 

system to the position in the global coordinate system defined by the laybarge heading, trim angle 

and offsets. Any trim angle, heading or offset specified for the laybarge is always applied to both 

the laybarge and stinger. 

  When the X and Y coordinates of points on the stinger are defined explicitly in terms of a 

temporary, stinger oriented coordinate system, as permitted in option I above, the required 

transformation from the stinger coordinate system to the laybarge coordinate system is 

accomplished by specifying the position of the origin of the stinger coordinate system in the input 

data. In many cases, the use of this temporary coordinate system allows the coordinates of points 

on the stinger to be taken directly from fabrication drawings of the stinger. 

  The initial position and geometry of the stinger are assumed by OFFPIPE to be the position and 

geometry defined by the X and Y coordinates, or pipe support radius and tangent point coordinates, 

given in the input data. When a fixed geometry stinger model is used, the initial stinger geometry 

and position are held constant and utilized throughout the pipelaying analysis. Thus, the given X 

and Y coordinates, or pipe support radius and tangent point coordinates, must correctly define both 

the geometry and position of the stinger. 

  When a structural model of the stinger is used, the equilibrium position of the stinger is 

calculated by OFFPIPE. The initial stinger geometry and position provided by the input data are 

used only to define the initial position and undeformed shape of the stinger. Thus, the stinger 

position (or depth) defined by the input data must only approximate the final equilibrium position 

of the stinger, and it is only necessary to correctly define the shape of the stinger when a fixed 

curvature (type 2) stinger model is used. 

4.3.5 Pipe Support Model 

  In pipelaying analyses, the pipe supports on the laybarge and stinger are modeled by OFFPIPE 

as frictionless, point supports (The length of the pipe supports, measured in the direction of the 

longitudinal axis of the pipeline, is neglected in calculating the support reactions and the pipe 

stresses or strains over the support.). Each pipe support is assumed to consist of two pairs of 

independent support rollers, like those shown in Figure 4-16. One pair of rollers, referred to as the 

bottom rollers, is approximately horizonta1 (In this context, the terms “horizontal” and “vertical” 

should be defined in terms of a local reference frame like the one used to view that pipe support 

shown in 4-16.) and used primarily to support the weight of the pipeline or cable. The other pair of 

rollers, referred to as the side rollers, is approximately vertical and used primarily to restrain the 

lateral or transverse displacements of the pipeline or cable. 
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Figure 4-16, The standard pipe support model used by OFFPIPE. 

  As shown in Figure 4-16, the two pairs of pipe support rollers can be inclined, or mounted at an 

angle, in such a way that each pair of rollers is arranged in a “V” configuration. When mounted in 

this way, the bottom pair of support rollers also tends to restrain the lateral displacements of the 

pipeline or cable. The angles of the bottom rollers and side rollers, relative to the local horizontal 

and vertical axes of the pipe sup port, are specified by the user. 

  The two side rollers of each pipe support may be separated by a distance which is greater than 

the external diameter of the pipe. When the side rollers are separated in this way, the pipe must be 

displaced laterally before it can come in contact with either of the side rollers. The side rollers are 

separated by specifying the offset between each side roller and the centerline of the support, as 

shown in Figure 4-16. In three dimensional analyses, the pipeline and cable are always assumed to 

lie between the two side rollers of the pipe supports. The height of the side rollers is assumed to be 

infinite. The pipeline and laydown cable are not permitted to climb above or over the top of the 

side rollers.  

  The basic pipe support element described above, and shown in Figure 4-16, is used by 

OFFPIPE to model three different types of pipe supports. These three types of pipe supports are:  

1. Simple pipe support. In two dimensions, a simple pipe support resists only the downward 

vertical displacement of the pipeline or cable. The support reaction exerted on the pipe by the 

support acts only in the upward direction, and the pipeline is free to lift-off the support when 

appropriate. In three dimensions, the simple pipe support uses side rollers, and may use 

bottom rollers mounted in a “V” configuration, to restrain the lateral displacement of the 

pipeline. The side rollers may be vertical or inclined at an angle, and may be separated in such 

a way that the pipeline must displace laterally before it comes in contact with the side rollers. 

This is the default pipe support type.  

2. Inverted pipe support. An inverted pipe support is a simple (type 1) pipe support that is 

mounted upside down. In two dimensions, the inverted support resists only the upward 

vertical displacement of the pipeline or cable. The support reaction exerted on the pipe by the 

support acts only in the downward direction, and the pipeline is free to fall below the support 

when appropriate. In three dimensions, the inverted pipe support uses side rollers, and may 

use horizontal rollers mounted in a “V” configuration, to restrain the lateral displacement of 

the pipeline. The side rollers may be vertical or inclined at an angle, and may be separated in 
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such a way that the pipeline must displace laterally before it comes in contact with the side 

rollers.  

3. Full encirclement support. A full encirclement pipe support combines the functions of both the 

type 1 and type 2 pipe supports in a single support. In two dimensions, it can resist both the 

upward and downward vertical displacements of the pipeline or cable. The top and bottom 

rollers can be separated in such a way that the gap between the top and bottom rollers is larger 

than the external diameter of the pipe. In three dimensions, the full encirclement support uses 

four pairs of rollers that can be mounted in either a rectangular or octagonal configuration. 

The support uses two pairs of side rollers, and may use top and bottom rollers mounted in a 

“V” configuration, to restrain the lateral displacement of the pipeline. The side rollers may be 

vertical or inclined at an angle, and may be separated in such a way that the pipeline must 

displace laterally before it comes in contact with the side rollers. The four pairs of rollers used 

in the full encirclement support are con figured in such a way that the support is bi-axially 

symmetric, e.g. symmetric about both a vertical axis passing through the center line of the 

support, and a transverse horizontal axis which is positioned midway between the top and 

bottom rollers. 

  The three types of pipe support elements described above are illustrated schematically in Figure 

4-17. 

  Each of the four or eight rollers used in the pipe support element is modeled independently by 

OFFPIPE. Each roller is examined to deter mine whether the pipeline or cable is in contact with 

the roller, and if the pipeline or cable is found to be touching the roller, the support reaction is 

calculated and applied to both the pipe or cable and the support. The pipe support rollers are 

assumed to be cylindrical. The pipe support reactions act in the direction that is mutually 

perpendicular to the longitudinal axes of the pipeline or cable and each support roller. The 

calculated support reactions are assumed to be proportional to the deformation of the rollers and 

given by an equation of the form:  

SSS KR          (4.5) 

Where: 

SR  support reaction, 

S  roller deformation, 

SK  roller stiffness. 

  The support deformations S  are measured in the direction that is mutually perpendicular to 

the longitudinal axes of the pipeline or cable and the support rollers. 

4.3.6 Seabed Model 

  The seabed is modeled by OFFPIPE as a continuous, elastic frictional foundation (The soil 

element used, in OFFPIPE, models the seabed as a true, continuous elastic foundation. The seabed 

is not modeled by a series of discrete point supports.) using a specially constructed soil element. In 

pipelaying analyses, the seabed is assumed to be linearly elastic with respect to deformations in 
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the vertical direction (In this context, the “vertical direction” is the direction that is locally 

perpendicular to the seabed. The “lateral direction” is the direction that is parallel to the seabed 

and locally perpendicular to the longitudinal axis of the pipeline or cable.). The vertical force 

exerted on the pipeline or cable by the soil is assumed to be continuously distributed over the 

length of the pipeline, and proportional to the vertical soil deformation at each point along the pipe. 

The vertical soil reaction at each point on the pipe is given by an equation of the form: 

 

Figure 4-17, The standard pipe support models provided by OFFPIPE. 

SSS KF          (4.6) 

Where: 

SF  vertical soil reaction per-unit-length,  

SK  vertical stiffness per-unit-length of the soil,  

S  the vertical soil deformation.  

  The resistance provided by the soil to the lateral displacement of the pipeline is assumed to be 

bi-linear, as shown in Figure 4-18. When the lateral force exerted on the soil by the pipe is less 

than the minimum force required to overcome the soil friction, the soil is assumed to be linearly 

elastic, and the horizontal soil reaction is proportional to the lateral displacement of the pipeline. 

When the lateral force exerted on the soil by the pipe is greater than the force required to 

overcome friction, the horizontal soil reaction is assumed to be frictional and proportional to the 

vertical soil reaction. 
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Figure 4-18, The lateral soil reaction is bilinear; elastic for small displacements and frictional for 

large displacements. 

  The elastic lateral soil force acting on the pipe is given at each point along the pipeline by an 

equation of the form:  

tSe KF          (4.7) 

Where: 

eF elastic lateral soil reaction per-unit-length, 

SK lateral stiffness per-unit-length of the soil, 

t lateral soil deformation. 

    The frictional lateral soil force acting on the pipe is given at each point along the 

pipeline by an equation of the form: 

fSf CFF          (4.8) 

Where: 

fF frictional lateral soil reaction per-unit-length, 

fC soil coefficient of friction. 

  In pipelaying analyses, the seabed is assumed to be a flat surface which can be horizontal 

(parallel to the water surface) or sloping in any direction. The vertical soil force (4.8) and soil 

deformation always act in the direction that is perpendicular to the surface of the seabed. The 

lateral soil force and soil deformation act in the direction that is parallel to the seabed and 

perpendicular to the longitudinal axis of the pipeline or cable. It is assumed that the pipeline is 

always being laid on the seabed along a straight line which corresponds to the centerline of the 

pipeline right-of-way. The lateral soil force is always directed toward the pipeline right-of-way in 

such a way that it tends to restore the pipeline to its original position at the center of the 

right-of-way. The component of the horizontal soil force which acts in the direction of the 

longitudinal axis of the pipeline is presently neglected. There is no axial component of the 

frictional soil force. 

4.4 Element Property Tables 
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  The properties of pipe, cable, are stored by OFFPIPE in element pipe support and stinger 

elements property tables. The use of these property tables greatly simplifies the problem of 

specifying the element properties in the input data. It enables the properties of these elements to be 

varied over the length of the pipe/cable string and, in the case of the pipe support and stinger 

elements, permits the same properties to be assigned to multiple elements without reentering the 

properties for each element.  

4.4.1 Pipe and Cable Properties 

  The physical properties of the pipeline and cable are defined by entering their values into the 

pipe/cable property table. Each row of the pipe/cable property table defines the physical properties 

of one segment of the pipe or cable string. The properties of the pipeline and cable can be varied 

over the length of the pipe/cable string by storing the length and properties of each pipe or cable 

segment in a different row of the property table. 

  The properties stored in the pipe/cable property table are assigned to the pipe and cable 

elements, beginning at the first station on the lay barge, in the order in which they are stored in the 

table. For example, in an abandonment or recovery analysis, the first entry in the pipe/cable 

property table would be used to define the length and properties of the laydown cable. The second 

entry in the table would then be used to de fine the properties of the pipeline. 

  If the pipeline has no external coatings, the only values of the pipe properties that must be 

specified in the input data are the pipe diameter, wall thickness and yield strength. If the pipe 

weight, cross sectional area and moment of inertia are not entered, their values will be calculated 

using the values specified for the pipe diameter and wall thickness. 

  If the thickness and specific weights of the pipe coatings are specified in the input data, 

OFFPIPE will calculate the increase in the pipe weight, external diameter and displaced volume of 

the pipeline due to the external pipe coatings. The thickness of the weight coating can also be 

specified by entering the desired specific gravity, of the pipeline. If the value of the specific 

gravity is specified, and the weight coating thickness is not given, OFFPIPE will calculate the 

weight coating thick ness required to achieve the desired specific gravity. 

  Because OFFPIPE automatically calculates the weight, cross sectional area and moment of 

inertia of the pipeline, it is not necessary, in most cases, to specify their values in the input data. 

These parameters are included in the input only to permit the values calculated by OFF PIPE to be 

overridden in special situations. The values of these parameters might be specified, for example, to 

change the submerged pipe weight to reflect the addition of external flotation, or to increase the 

effective bending stiffness of the pipeline to simulate the stiffening effect of the pipe coatings. 

OFFPIPE does not consider the effect of the pipe coatings when calculating the bending stiffness 

of the pipe. 

  It should be noted that the values entered for the cross sectional area and moment of inertia of 

the pipeline are used only to determine the axial and bending stiffnesses of the pipeline. These 

stiffnesses are used to determine the deformed geometry and internal forces in the pipeline, but 

they are not used to calculate the pipe stresses or strains. The pipe stresses and strains are 

calculated on the basis of the values given for the diameter and wall thickness of the bare (steel) 

pipe. 

  Note also that OFFPIPE allows a stress intensification factor to be specified for each pipe 

segment. This stress intensification factor can be used to increase the calculated bending stresses 
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or strains in the pipe line, to simulate such effects as a shift in the neutral axis or a stress 

concentration at the field joints. The stress intensification factor is not required, however, to 

calculate the increased bending stresses which occur, at the field joints, when the moment of 

inertia of the pipeline is in creased to simulate the stiffening effect of the pipe coatings. In this 

case, the pipe stresses are calculated correctly because they are based on the moment of inertia of 

the bare pipe. 

4.4.2 Default Cable Properties 

  The laydown cable used in abandonment, recovery and initiation analyses is modeled by a 

beam-like element whose bending stiffness (El) is negligible compared to that of the pipeline. 

Although the bending stiffness of cable elements is assumed to be very small, its value must be 

greater than zero to correctly model the behavior of the cable between pipe supports on the 

laybarge and stinger. If the bending stiffness of the cable is not specified, its default value will be 

assigned by OFFPIPE. The default bending stiffness for cable elements is assumed to be 

proportional to the bending stiffness of the first pipe entry in the pipe/cable property table:  

410 PC EIEI         (4.9) 

Where: 

CEI  bending stiffness of the laydown cable,  

PEI  bending stiffness of the first pipe entry. 

  If the axial stiffness (EA) of the laydown cable is not specified, its value is assumed to be equal 

to the axial stiffness of the first pipe entry in the pipe/cable property table. If the weight of the 

laydown cable is not specified, it is assumed to be equal to seventy (70) percent of the weight of a 

solid steel bar which has the same diameter as the laydown cable. 

4.4.3 Support Property Table 

  In OFFPIPE, the properties of the various pipe supports, tensioners and davits on the laybarge 

and stinger are entered by loading their values into the support property table. The properties and 

support types of the pipe support elements are then assigned, in the input data, by referencing the 

row of the support property table in which the properties are stored. 

  Each row of the support property table can be used to define the support type and physical 

properties for one kind of pipe support element. The support type is indicated in the property table 

by an index in the range (1-6). The support types presently recognized by OFFPIPE are:  

1. Simple pipe support.  

2. Pipe tensioner (The finite elements used, by OFFPIPE, to model the pipe tensioner(s) and davit 

cables on the laybarge, are considered to be special kinds of pipe supports. Thus, the proper ties 

of the tensioner(s) and davit cables are stored in the support property table. See Section 4. 1 for 

a discussion of davit lift analyses.).  

3. Inverted pipe support. 

4. Vertical containment support.  

5. Axial force davit cable element.  

6. Catenary davit cable element. 
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  Property table rows (1-6) are reserved for the support types listed above, to ensure that the 

physical properties are always defined for any default pipe support assignments made by 

OFFPIPE. Property table rows numbered greater than six may be used for any support type. The 

support properties can be entered into the table in any order. The properties do not have to be 

given in the order in which they appear on the laybarge or stinger. 

  The use of this support property table allows the same properties to be assigned for multiple 

pipe supports without reentering the proper ties for each support. Because the support properties 

and support types are assigned by simply referencing a row of the support property table, a single 

table entry can be used to define the properties of several identical supports. 

  The support properties and support types can be varied by simply entering the properties and 

support type of each different pipe support in a separate row of the support property table. Note 

that more than one entry in the table can be assigned the same support type (but different 

properties). For example, multiple property table entries can be used to describe simple (type 1) 

pipe supports which have different roller angles or different separations between the side rollers. 

4.4.4 Default Support Properties 

  OFFPIPE provides two different methods for defining the stiffnesses of pipe support elements. 

The stiffnesses can be defined either (1) by specifying the stiffnesses of the support rollers 

explicitly in the input data, or (2) by specifying the deflection of the support rollers under an 

internally generated reference pipe load. When the stiffnesses of the pipe support elements are not 

specified explicitly, the second method above is used to calculate their default values. The default 

values for the stiff nesses of the pipe support rollers are given by an equation of the form:  

)001.0/(  PPS DWK       (4.10) 

Where: 

SK  roller stiffness;  

PW  reference pipe load; 

PD  external pipe diameter. 

The reference pipe load PW  is approximately equal to the weight of the average pipe span, 

between supports, on the laybarge and stinger. The quantity )001.0( PD  above is the assumed 

default value of the sup port deflection. 

4.4.5 Stinger Element Property Table 

  The element types and physical properties of the stinger elements are entered by loading their 

values into the stinger element property table. The physical properties and element type of the 

stinger elements are then assigned by specifying the row of the element property table in which 

the properties are stored. 

  Each row of the stinger element property table can be used to de fine the physical properties and 

element type for one kind of stinger element. The three types of stinger elements presently 
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supported by OFF PIPE are:  

1. Fixed-end beam element.  

2. Hinged-end element.  

3. Double hinged-end element. 

  Property table rows (1-3) are reserved for the stinger element types shown above, to ensure that 

the element properties are always defined for the default stinger element assignments made by 

OFFPIPE. Property table rows numbered greater than three may be used for any stinger element 

type. The stinger element properties can be entered into the table in any order. The properties do 

not have to be given in the order in which the elements are used in the stinger model. 

  The use of this stinger element property table allows the same properties to be assigned for 

multiple elements without reentering the properties for each one. Because the stinger element 

properties and element types are assigned by simply referencing a row of the property table, a 

single table entry can be used to define the properties of several identical elements. 

  The stinger element properties and element types can be varied by simply entering the 

properties and element type of each different element in a separate row of the property table. Note 

that more than one entry in the table can be assigned the same element type (but different proper 

ties). For example, multiple property table entries can be used to de scribe fixed-end (type 1) 

stinger elements having different bending stiff nesses or hydrodynamic properties. 

  The properties stored in the stinger element property table include the element type, the 

physical properties of the stinger cross section, and the angles of free rotation of the stinger hinges. 

Because their values are normally different for each element, the weights, displacements and bal 

last contents of the stinger elements are not stored in the property table. The values of these 

properties are entered separately, using the WEIG and BALL records. In static analyses, it is often 

convenient to combine the weights, displacements and ballast contents of the stinger elements and 

specify the net buoyancy's of the stinger elements (The net buoyancy of a stinger element is the 

difference between the displacement and the weight and ballast contents of the element.) instead. 

The net buoyancies of the stinger elements can be entered using the BUOY record. 

  The physical properties of the stinger are assumed to be constant over the length of each stinger 

element. The weight, ballast contents and displacement of each stinger element are assumed to be 

uniformly distributed over the element. If, for any reason, it is necessary to suddenly change the 

stinger properties within an element, additional nodes (and elements) can be inserted into the 

stinger model so the property change can take place at an element boundary. 

4.4.6 Default Stinger Element Properties 

  If the physical properties of the stinger elements are not specified, OFFPIPE assigns default 

values for the axial stiffness and bending stiff nesses of the elements, and the angles of free 

rotation of the hinges at the forward end of type 2 and type 3 elements. The default stiffnesses of 

the stinger elements are set sufficiently high that each element effectively behaves as a rigid body. 

The default stiffnesses are normally adequate for analyses involving articulated and fixed 

curvature stingers. However, for flexible, conventional stingers which deform significantly under 

load, the correct bending stiffnesses of the actual stinger cross section should be given explicitly in 

the input data. 

  The default values for the axial and bending stiffnesses of the stinger elements are assumed to 

be proportional to the corresponding stiffnesses of the first pipe entry in the pipe/cable property 
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table. The default axial stiffness (EA) of the stinger elements is given by:  

210 PS EAEA        (4.11) 

Where: 

SEA  default axial stiffness of the stinger element; 

PEA  axial stiffness of the first pipe entry. 

The default bending stiffnesses (EI) of the stinger elements, in both the horizontal and vertical 

principal axis directions, are given by: 

410 PS EIEI        (4.12) 

Where: 

SEI  default bending stiffness of the stinger element; 

PEI  bending stiffness of the first pipe entry. 

The default stiffness of the optional spring-bumper used to limit the rotation of the hinge(s) at 

the forward end of hinged-end stinger ele ments is given by: 

210/  SSS LEIK        (4.13) 

Where: 

SK  default spring-bumper stiffness; 

SL  average stinger element length. 

The default values for the maximum angles of free rotation for hinged-end and double 

hinged-end stinger elements are 90.0 degrees (no bumper) for rotation about the horizontal 

principal axis of the stinger cross section, and 0.0 degrees (no free rotation) for rotation about the 

vertical principal axis. 

  It should be noted that OFFPIPE does not assign default values for the projected areas and 

displaced volumes of stinger elements. These hydrodynamic properties of the stinger elements 

must be specified by the user. Their values are required, in dynamic analyses and three 

dimensional analyses involving steady currents, to calculate the hydrodynamic forces acting on 

the stinger. 

  If the drag and added mass coefficients of the stinger elements are not specified in the input data, 

OFFPIPE will assign their default values. The default values of the drag and added mass 

coefficients are 8.0dC  and 0.1aC , respectively. 

4.5 Numerical Time Integration  

The dynamic response of the pipeline and stinger is obtained, in the time domain, by using a 

numerical method to directly integrate the nonlinear differential equations of motion for the 

pipeline and stinger. 
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4.5.1 Trapazoidal Rule 

  The numerical method used, by OFFPIPE, to integrate the equations of motion is a form of the 

trapezoidal rule given by:  
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     (4.14) 

Where: 

 21 hh  time step length ( hl and h2 both positive);  

nX  global coordinate vector at the nth time step;  

nX '  global coordinate velocity vector at the nth time step;  

nX ''  global coordinate acceleration vector at the nth time step.  

  The above form of the trapezoidal rule is a second order method, fully implicit and 

unconditionally stable. It incorporates numerical damping to ensure the stability of the time 

integration and prevent spurious oscillation of the numerical solution. The amount of numerical 

damping introduced by the above form of the trapezoidal rule is determined by the damping ratio. 

The damping ratio is given by:  

)/()( 2112 hhhhDR         (4.15) 

  The damping ratio can vary from a minimum value of DR = 0.0 to a maximum value of DR = 

1.0. A value of DR = 0.0 corresponds to zero damping, and a value of DR = 1.0 corresponds to 

maximum or first order Euler damping. Damping ratios less than or equal to DR = 0.0 are unstable 

numerically and should not be used. The accuracy of the numerical integration decreases with 

increasing values of DR, so the damping ration should be maintained as small as possible, 

consistent with a stable solution. 

4.5.2 Integration Parameters 

  For a regular wave, the equations of motion are integrated in time until the steady state response 

of the pipeline and stinger is reached (The calculated dynamic response, of the pipeline and stinger, 

includes an initial transient because the pipeline and stinger are assumed to be at rest, at the time 

t=0.). The dynamic solution is then sampled for one continuous wave period to determine the 

instantaneous values, dynamic range and maximum dynamic values of the pipe motions, support 

reactions, and pipe stresses (or strains). In most regular wave analyses, the steady state response is 

effectively reached in five or six wave periods. 

  For a wave spectrum, the equations of motion are integrated until the initial transient response 

of the pipeline and stinger has passed. The dynamic solution is then sampled, for a fixed period of 

time, to determine the instantaneous values, dynamic range and maximum dynamic values of the 

pipe motions, support reactions, and pipe stresses. The sampling period required for a wave 

spectrum is much longer than the period required for a regular wave, because it is necessary to 

obtain a representative sample of the response of the pipeline and stinger to the complete wave 

spectrum. For a wave spectrum, the length of the sampling period should be carefully chosen by 
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the user. 

  The integration of the equations of motion in time is controlled by specifying the integration 

time step length, the length of time to be used for the integration, the time point when sampling of 

the numerical solution is to begin, and the sampling time step length. If any of these parameters 

are not specified, their default values will be assigned by OFFPIPE. For a regular wave, the 

default values of these parameters are:  

Time step length = Wave period / 50 

Maximum integration time = Wave period x 7.0 

Starting time for sampling = Wave period x 6.0 

Sampling time step length = time step length x 2 

Damping Ratio = 0.1  

For a wave spectrum, the default values of these parameters are:  

Time step length = 0.2 seconds  

Maximum integration time = 360 seconds  

Starting time for sampling = 60 seconds  

Sampling time step length = time step length x 2 

Damping Ratio = 0.1 

  Note that the sampling time step length must be an integer multiple of the integration time step 

length. Note also that the default integration time given for a wave spectrum is very short. A much 

longer time period would normally be used with a wave spectrum to ensure that an adequate 

number of waves have been sampled. 

4.6 Hydrodynamic Forces 

  The hydrodynamic forces exerted on the pipeline and stinger by steady currents and waves, and 

by the dynamic motions of the pipeline and stinger, are calculated using Morison's equation (See 

for example: Sarpkaya, T. and Isaacson, M., Mechanics of Wave Forces on Off shore Structures, 

Van Nostrand Reinhold Company, 1981.). Morison's equation is given by:  

aCAaCAVVVVdCQ apafpfpfd   )1()(
2

1
   (4.16) 

Where: 

Q  hydrodynamic force per-unit-length acting on the pipe line or stinger; 

  density of sea water; 

d  projected area per-unit-length of the pipeline or stinger; 

dC  drag coefficient; 

fV  wave and/or current induced water particle velocity per pendicular to the longitudinal axis 

of the pipeline or stinger; 

pV  velocity of the pipeline or stinger in the direction perpen dicular to its longitudinal axis; 

fA  wave induced water particle acceleration perpendicular to the longitudinal axis of the 

pipeline or stinger; 
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a  displaced volume per-unit-length of the pipeline; 

pA  acceleration of the pipeline or stinger in the direction perpendicular to its longitudinal axis; 

aC  added mass coefficient. 

  The hydrodynamic force Q acting on the pipeline or stinger is based on the velocity and 

acceleration components which are perpendicular to their longitudinal axes. The velocity and 

acceleration components parallel to the longitudinal axes of the pipeline and stinger are neglected. 

The resulting hydrodynamic force Q is also assumed to act in the direction that is perpendicular to 

the longitudinal axes of the pipeline and stinger. The component of the hydrodynamic force that is 

tangent to the longitudinal axes of the pipeline and stinger is neglected. 

  The first term in Morison's equation is the hydrodynamic drag force acting on the pipeline or 

stinger. This drag force is proportional to the square of the relative velocity between the pipeline 

or stinger and the surrounding water. The second term is the inertial force exerted on the pipeline 

or stinger by the acceleration of the surrounding water. This inertial force is proportional to the 

water particle acceleration expressed in terms of the fixed global coordinate system. The third 

term is the inertial force resulting from the effective increase in the mass of the pipeline or stinger 

(the added mass) due to the presence of the surrounding water. This inertial force is proportional 

to the acceleration of the pipeline or stinger in the fixed global coordinate system. 

4.7 Steady Currents 

  OFFPIPE models the hydrodynamic forces exerted on the pipeline and stinger by steady 

currents. The velocity profile for a steady current is specified by entering the values of the 

horizontal current velocity and direction of flow at a series of discrete water depths, beginning at 

the water surface and proceeding to the seabed. Linear interpolation is used to determine the 

current velocity and direction at intermediate points. A typical current velocity profile is shown in 

Figure 4-19. 

  The first and last values entered for the current velocity and direction are used for points outside 

the specified range of water depths. The first values entered are used for any points above the first 

specified depth, and the last values entered are used for any points below the last depth given*  If 

the current velocity and direction are constant, only their values at the water surface must be 

specified.  
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Figure 4-19, A typical steady current velocity profile. 

  The velocity vector for a steady current is assumed to be horizontal (parallel to the water 

surface). The vertical component of the steady cur rent velocity is not considered by OFFPIPE. 

The steady current velocity is also set equal to zero at the seabed, to ensure the hydrodynamic 

stability of the pipeline lying on the seabed (the pipeline is assumed to be lying in the boundary 

layer). 

  The sign convention used, by OFFPIPE, to define the direction of flow for a steady current is 

the same as that used to define the laybarge heading and the direction of travel for waves. The 

direction of flow is the angle between the horizontal current velocity vector and the global X axis. 

The direction of flow is positive when the rotation of the current velocity vector about the vertical 

Y axis is clockwise when viewed from above. A direction of 0.0 degrees corresponds to a current 

that is flowing in the positive X axis direction. A direction of 90 degrees corresponds to a current 

that is flowing in the positive Z axis direction. The sign convention used for the direction of flow 

is shown in Figure 4-20.  
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Figure 4-20, OFFPIPE sign convention for steady currents and waves. 

4.8 Waves 

  In dynamic analyses, OFFPIPE can determine the wave induced motions of the laybarge, and 

the hydrodynamic forces exerted on the pipeline and stinger, by a single regular wave or a two 

dimensional wave spectrum.  

4.8.1 Regular Waves 

  OFFPIPE assumes that a regular wave is two dimensional (that it has an infinite crest width). 

The wave induced water particle velocity and acceleration for a regular wave are calculated using 

the linear or Airy wave theory (See the reference to Sarpkaya in Section 4.6). The linear wave 

theory is used for pipelaying analyses because it is less costly to evaluate than more complex wave 

theories, and it is considered more appropriate for the moderate wave heights en countered during 

pipelaying. 

  The sign convention used, in OFFPIPE, to define the direction of travel for a regular wave is the 

same as that used for the laybarge heading and for steady currents. The wave direction is given by 

the angle between the horizontal vector that points in the direction of wave travel and the global X 

axis. The direction of travel is positive when the rotation of the wave direction vector about the 

vertical Y axis is clockwise when viewed from above. A direction of 0.0 degrees corresponds to a 

wave that is moving in the positive X axis direction. A direction of 90 degrees corresponds to a 

wave that is moving in the positive Z axis direction. The sign convention used for the wave 

direction is shown in Figure 4-20. 

4.8.2 Wave Spectra 

  In OFFPIPE, a wave spectrum may be specified by referencing a standard formula 

(Pierson-Moskowitz, ITTC, Bretschneider, etc.), or by entering a series of pairs of values of the 

wave frequency and spectral density in tabular form. A typical wave spectrum is illustrated 

graphically in Figure 4-21. Note that the ordinate in Figure 4-21, the spectral density, represents 

the square of the amplitude of the wave components divided by twice (2x) the wave frequency 

range, and that the abscissa represents the circular frequency of the wave components in 

radians/second. 
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Figure 4-21, A typical wave spectrum. 

  OFFPIPE provides a series of standard formulae which allow the user to easily define the wave 

spectrum based on the properties of the corresponding sea. The formulae presently supported by 

OFFPIPE include:  

1. Bretschneider A. The spectral density is defined as a function of the significant wave 

height sH  and the wave frequency at the spectral peak p . The spectral density is 

given by: 

])/(25.1[)/(3125.0 4254
 psp ExpHS      (4.17a) 

Where: 

S  spectral density, 

  circular frequency of wave component, 

p  wave circular frequency at the spectral peak, 

sH  significant wave height ( 3/1H ). 

2. Bretschneider B. The spectral density is defined as a function of the significant wave 

height sH  and the wave frequency at the significant peak s . The spectral density is 

given by: 

])/(675.0[)/(1687.0 4254
 sss ExpHS      (4.17b) 

Where: 

s  significant wave (circular) frequency. 

3. Pierson-Moskowitz. The spectral density of a fully developed sea is defined as a function 

of the wind velocity U at a height of 19.5 meters above the still water surface. The 

spectral density is given by:  

])/(74.0[/0081.0 452  UgExpgS      (4.17c) 
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Where: 

g  gravitational constant, 

U  wind velocity 19.5 meters above the surface. 

4. ITTC. The spectral density is defined as a function of the significant wave height sH . 

The spectral density is given (in S.I. units) by:  

])(1.3[/0081.0 4252  sHExpgS      (4.17d) 

5. ISSC. The spectral density is defined as a function of the significant wave height sH  

and the mean wave frequency m . The spectral density is given by: 

])/(4427.0[)/(1107.0 4254
 msm ExpHS      （4.17e） 

Where: 

m  mean circular wave frequency. 

6. JONSWAP。JONSWAP. The spectral density is defined as a function of the significant 

wave height sH  and two user defined coefficients A and B. The spectral density is 

given by: 

q

m BExpAgS ])/(25.1[/ 452       (4.17f) 

Where the exponent q is given by: 

)]2/()(exp[
222

pp tq        (4.17g) 

And: 

p  circular wave frequency at the spectral peak, 

A  user defined coefficient, 

B  user defined coefficient, 

g  gravitational constant, 

t 0.07 if p   and 0.09 if p  . 

7. Generic. The spectral density is defined as a function of a generic user defined 

coefficient B and exponent C. The spectral density is given by: 

45 )/()/(  CExpBS        (4.17h) 

Where: 

B  user defined coefficient, 

C  user defined coefficient. 

  Note that the wave spectra given by (1-5) all have the same functional form. The only 

difference between these spectra is the manner in which the equations' coefficients and exponents 

are defined. Note also that the generic wave spectrum given by (7) above has the same functional 
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form as equations (1-5). It is provided so the user can define an alternative wave spectrum based 

on some other sea state variable(s), if the more common standard forms given by (1-5) are not 

sufficient. 

  A wave spectrum is represented mathematically, in OFFPIPE, by a limited number of discrete 

component waves. The number of component waves used can be specified by the user. In most 

cases, fifteen (15) to twenty (20) wave components are sufficient to accurately represent a wave 

spectrum. The wave surface profile and wave induced water particle velocity and acceleration for 

the spectrum are calculated using linear superposition. Their values are determined by summing 

the surface elevations and water particle velocities and accelerations due to the individual wave 

components which make up the spectrum. The water particle velocity and acceleration for each 

component wave are calculated using the linear or Airy wave theory. 

  When a wave spectrum is defined using one of the standard formulae, the component wave 

frequencies are chosen by OFFPIPE in such a way that all wave components have equal energy 

(equal amplitude). This method for selecting the frequencies of the wave components tends to 

concentrate the component waves in the part of the spectrum having the greatest energy. 

  When a wave spectrum is defined by a table of wave frequencies and spectral densities, these 

pairs of values are used to construct a series of trapezoidal panels like those shown in Figure 4-22. 

These panels provide a piece-wise linear approximation to the wave spectrum. The part of the 

wave spectrum enclosed by each panel is represented by a single wave component. The number of 

component waves used is one less than the number of pairs of spectral values entered (two values 

de fine one panel, three values define two panels, etc.). The amplitude of each component wave is 

chosen, in such a way, that the wave component has the same energy as the part of the wave 

spectrum enclosed by the panel. The frequency of each wave component is chosen to correspond 

to the center of area of each panel.  

 

Figure 4-22, An arbitrary wave spectrum can be defined by a table of discrete values for the 

spectral ordinate. 

4.9 Nonlinear Moment Curvature Relationship 

  OFFPIPE permits the constant bending stiffness (EI) of pipe entries in the pipe/cable property 

table to be replaced by a nonlinear moment curvature relationship. This moment curvature 

relationship is assumed to be given by a Ramberg-Osgood equation of the form:  
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BMMAMMKK yyy )/(//       (4.18) 

Where:  

A  Ramberg-Osgood equation coefficient; 

B  Ramberg-Osgood equation exponent; 

K  pipe curvature (1/R); 

yK  pipe curvature at the nominal yield stress; 

)/(2 EDy  

yM  pipe bending moment at the nominal yield stress;  

DIy /2  

E  modulus of elasticity of the pipe steel;  

D  outside diameter of the steel pipe; 

I  moment of inertia of the steel pipe; 

y  nominal yield stress of the pipe steel. 

  The above nonlinear moment-curvature relationship is primarily used to model the nonlinear 

behavior of the pipe when the yield strength of the pipe steel has been exceeded. Note that for A = 

0, the above Ram berg-Osgood equation reduces to the usual linear relationship K = M/EI. A 

typical moment curvature relationship for the pipe is shown in Figure 4-23. 

  OFFPIPE provides three options for defining the coefficient A and exponent B moment used in 

equation (4.18). The coefficient and exponent in the Ramberg-Osgood equation may be given by: 

1. entering the values of the coefficient A and exponent B explicitly in the input data,  

2. selecting OFFPIPE's built-in default moment curvature relationship and specifying the yield 

stress ratio Ry for the pipe steel,  

3. specifying the values of the pipe curvature Ki and bending moment Mi at two points on the 

curve, as illustrated in Figure 4-23. 

  When the built-in, default moment curvature relationship is selected (option 2), OFFPIPE 

estimates the values of the coefficient A and exponent B based on the pipe properties and the yield 

stress ratio Ry for the pipe steel. The yield stress ratio is used to specify the actual yield strength of 

the pipe steel. It is the ratio of the actual, measured yield strength of the pipe steel to its nominal or 

minimum specified value (SMYS). The yield strength ratio is usually in the range (1 < Ry < 1.3). 

  In OFFPIPE's default moment-curvature relationship, the coefficient and exponent for the 

Ramberg-Osgood equation have been chosen to approximate the nonlinear bending stiffness of a 

“typical” or “average” pipe steel. The default moment curvature relationship is a composite based 

on pipe bending stiffness data from several sources. It is provided for use in analyses in which the 

actual properties of the pipe steel are not known, or when only an approximation for the nonlinear 

behavior of the pipe materials is required. The default moment curvature relationship presently 

used by OFFPIPE is shown in Figure 4-24.  
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Figure 4-23, The nonlinear moment-curvature relationship for the pipe is based on a 

Ramberg-Osgood Equation. 

  It should be noted that the properties of pipe steels can vary dramatically as a result of 

differences in the pipe grade, chemistry and manufacturing process. OFFPIPE's default 

moment-curvature relation ship is not intended to be a substitute for curves based on the actual 

properties of the pipe materials being modeled, when this information is available. Accurate 

curves based on measured data should always be used when a precise model of the pipe's material 

properties is required. 

  When an actual moment curvature relationship is available, the corresponding 

Ramberg-Osgood equation can be defined by entering the values of the pipe curvature and 

bending moment at two points on the curve (option 3). OFFPIPE will then calculate the values of 

the coefficient A and exponent B required to make the Ramberg-Osgood equation pass through the 

two points. To obtain the best fit, the two pairs of values should be positioned on the curve 

roughly as shown in Figure 4-23.  

 

Figure 4-24, The default nonlinear moment-curvature relationship for the pipe depends on the 

yield strength ratio Ry. 
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5.0 Davit Lifts 

  OFFPIPE can be used to calculate the static equilibrium configuration of the pipeline, the length 

of the unsupported pipe span, the davit cable lengths and tensions, and the resulting pipe stresses 

(or strains) for problems in which one or more davits, on the lift barge, are used to pick up the free 

end of a pipeline lying on the seabed (In a davit lift analysis, the section of the pipeline associated 

with the lift barge is supported by one or more flexible cables which are attached to the pipeline. 

These cables extend downward to the pipeline from davits. cranes or winches which are mounted 

on the deck of the lift barge.). A typical davit lift is shown in Figure 5-1. Davit lifts of this type are 

frequently performed in the installation of pipeline risers, on frxed offshore platforms. This type of 

davit lift may also be used to reposition a pipeline lying on the seabed, to facilitate the making of 

an underwater connection. 

 

Figure 5-1, The finite element model for a typical davit lift. 

  The analysis of a davit lift using OFFPIPE is similar, in most respects, to the analysis of a 

conventional pipelaying problem. The changes that must be made in the input data for a davit lift 

are: 

□ Pipe supports on the lift barge must be declared as davits (type 5 or 6 supports) on the BARG 

screen or record. In a davit lift analysis, the pipe supports on the lift barge are replaced by 

davits. 

□ Horizontal (X) coordinate and elevation (Y coordinate) of the davits must be given explicitly on 

the BARG record or screen. The positions of the points at which the davit cables originate on 

the lift barge are defined by the pipe support coordinates specified on the BARG record or 

screen. 

□ Positions of the davit slings on the pipeline must be defined by specifying the spacing between 

slings on the BARG record or screen. The free end of the pipeline may be cantilevered beyond 

the first davit sling by declaring the first pipe node(s) to be unsup ported (type 100). 

□ Length of the davit line or the line tension must be specified for each davit using the DAVI 

record or screen. The length of at least one davit line must be specified to permit OFFPIPE to 

generate an initial approximation for the pipeline configuration. 

□ Global X coordinate of the free end of the pipeline lying on the seabed must be specified on the 

GEOM record or screen. The position of the pipeline, relative to the lift barge, is defined in 

terms of its initial position lying on the seabed to ensure that calculations performed for 
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different lift heights refer to the same barge position. 

  The positions of the davits, on the deck of the lift barge, are defined by specifying the 

horizontal (X) coordinates and elevations (Y coordinates) of the davits, on the BARG record or 

screen. These coordinates define the positions of the points at which the davit cables originate on 

the lift barge (the heads of the davits or lifting crane). The coordinates of the davits are expressed 

in terms of the lift barge coordinate system, shown in Figure 4-10. 

  In a davit lift analysis, the pipe nodes are positioned in such a way that they coincide with the 

davit slings, which are are the points at which the davit lines are attached to the pipeline. The 

positions of the davit slings are defined, on the BARG record or screen, by specifying the length(s) 

of the pipe element(s) forward of each sling. The lengths of the pipe elements are entered, 

beginning at the free end of the pipeline, and proceeding toward the end of the lift barge farthest 

from the free end. When necessary, additional unsupported pipe nodes can be placed at the free 

end of the pipeline and between the davit slings. 

  The lengths of the davit lines and/or the line tensions are specified using the DAVI record or 

screen. When the length of a davit line is specified, OFFPIPE determines whether the davit line is 

slack and calculates the line tension. If the tension in a davit line is specified, OFFPIPE calculates 

the corresponding length of the davit line. In both cases, OFFPIPE also calculates the vertical and 

horizontal angles of the davit chord. 

  If neither the line length nor the tension is given, for any one of the davits, OFFPIPE will 

estimate the line length internally, and use this estimated length to determine the equilibrium 

configuration of the pipeline. This feature can be used to estimate the davit line lengths required to 

achieve a given lift height. If only the length of the first davit line is specified, and no davit line 

tensions are given, OFFPIPE will estimate the lengths of all the remaining davit lines. 

  In a conventional davit lift, like that shown in Figure 5-1, the free end of the pipeline is raised to 

the water surface by slowly reducing the lengths of the individual davit lines. This sequence can 

be modeled, using OFFPIPE, by specifying the length of the first davit line (the one closest to the 

free end of the pipeline) and giving the tensions in the remaining lines. The pipeline is then raised 

to the surface by performing a series of static analyses in which the length of the first davit line is 

reduced, in a series of steps. The tensions in the remaining davit lines may be held constant or 

increased slowly as the pipeline is raised to the water surface. 

  The above procedure results in a series of solutions, representing different davit line lengths and 

lift heights, which closely simulates the quasi-static process of raising the pipeline to the water 

surface. Using this procedure, the best results are often obtained by setting the specified davit line 

tensions approximately equal to the weight of the pipe spans between davits (plus the weight of 

the davit cable). In the resulting davit lift configuration, the first davit carries most of the weight 

of the pipe span in the sagbend, and the pipeline usually assumes a smooth, curved shape with a 

relatively steep angle at the free end. 

  Conventional davit lift analyses can be performed most easily by varying the length of the first 

davit line and specifying the tension in the remaining lines, as in the above procedure. Davit lift 

analyses can also be performed by specifying the length of each of davit line. However, specified 

line lengths are much more difficult to work with than specified line tensions, because the line 

tensions are very sensitive to changes in the lengths of the davit lines. It is difficult to adjust the 

line lengths in such a way that the pipeline is uniformly supported by the davits. The fixed davit 

line length option, provided by OFFPIPE, is intended primarily for modeling lift barge 
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displacements which are performed with the davit line lengths held constant. 

  The lift barge can be displaced during a davit lift by changing its heading and/or offset, in the 

global X or Z coordinate direction, on the BARG record or screen. A lift barge offset, in the X 

direction, can be used to simulate a forward or aft displacement of the lift barge during a lift. Lift 

barge displacements in the X direction may be required in deep water, because of the movement of 

the free end of the pipeline (the shortening of the projected length of the pipeline) which occurs as 

the pipeline approaches the water surface. Lateral displacements of the lift barge or changes in 

heading may also be used to pull the pipeline away from the right-of-way or to reposition the 

pipeline for an underwater connection or riser installation. 

  In OFFPIPE, the davit lines can be modeled using a simple axial force element or a true 

catenary element. The axial force element is best suited for problems in which the davit lines are 

nearly vertical. In the axial force element, the curvature of the davit lines is neglected. The line of 

action of the davit line tension is assumed to be the straight line extending from the head of the 

davit, on the lift barge, to the attachment sling on the pipeline. Neglecting the curvature of the 

davit lines does not significantly affect analyses in which the davit lines are nearly vertical, but it 

can have an adverse effect in problems in which the angle between the davit lines and the vertical 

(Y) axis is large. 

  The true catenary davit cable element, which takes into consideration the weight and curvature 

of the davit lines, is intended for use when the angle of the davit lines is sufficiently large that the 

curvature of the davit lines has a significant effect on the angle at which the line tension acts on 

the pipeline. The catenary davit cable element is based on the exact, analytic solution for the 

catenary equation with elongation. This solution breaks down (becomes undefined) when the davit 

lines are vertical. In practice, the catenary davit cable element can be used for most davit lift 

analyses, but the use of this element can adversely affect the convergence of the Newton-Raphson 

iterative procedure employed by OFFPIPE, if it is used for vertical or nearly vertical davit lines. 

5.1 Support Property Table 

  For the purpose of entering and storing the properties of the davit lines, OFFPIPE considers the 

davits to be a special type of pipe support. The properties of the davit lines are specified by 

entering their values into the support property table (see also Section 4.4.3). Each row of the 

support property table defines the physical properties and support type for one kind of pipe 

support, tensioner or davit cable element. The properties of the davit cables are entered into the 

table using the DCAB record or screen. 

  Each entry, in the support property table, includes a code number which indicates the support 

type of the element whose properties are stored in that row of the table. The support types 

presently recognized by OFFPIPE are: 

1. Simple pipe support. 

2. Pipe tensioner. 

3. Inverted pipe support. 

4. Vertical containment support. 

5. Axial force davit cable element. The axial force davit cable element is used to model davit lines 

that are vertical or nearly vertical. The axial force element ignores the curvature of the davit 

cable. The line of action for the element is the straight line which extends from the davit crane, 

on the lift barge, to the attachment sling on the pipeline. 
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6. Catenary davit cable element. The catenary davit cable element is used to model davit lines that 

are inclined, at a angle which is sufficiently large, that the curvature of the cable cannot be 

neglected. The catenary element correctly calculates both the curvature of the davit cable and 

the angle at which the cable tension acts on the pipeline. 

  The properties and element type of the davit cable elements are assigned, on the BARG record 

or screen, by specifying the row of the support property table in which the properties are stored. 

Property table rows one through six are reserved for the support types listed above, to ensure that 

the physical properties are always defined for the default pipe support assignments made by 

OFFPIPE. Property table rows numbered greater than six may be used for any support type. 

  The use of the support property table, in OFFPIPE, greatly simplifies the problem of specifying 

the davit cable properties. The support property table permits different kinds of cable (or chain) to 

be used by davits mounted at different points on the lift barge, and makes it possible to assign the 

same properties to more than one davit, without reentering the properties for each element. 

  Because the davit cable properties and element types are assigned by simply referencing the 

appropriate row of the support property table, on the BARG record or screen, a single table entry 

can be used to define the properties of several davit lines which are of the same type and have the 

same physical properties. The properties and element types of the davit cable elements can also be 

varied, on the lift barge, by entering the properties and support type of the different davit cable 

elements in separate rows of the support property table. Note that more than one entry in the 

support property table can be assigned the same element type (but different properties). For 

example, multiple property table entries may be used to describe davit cables having different 

diameters or effective weights. 

  When the properties of the davit cable elements are not defined, on the DCAB record or screen, 

their default values are assigned by OFFPIPE. If its value is not given, the axial stiffness of each 

davit line is set equal to the axial stiffness of the first pipe entry in the pipe/cable property table. 

The default value for the weight per-unit-length of each davit line is calculated on the basis of the 

cable diameter, given on the DCAB record or screen. The weight of each davit cable is assumed to 

be equal to seventy percent (70%) of the weight of a solid steel bar having the same diameter as 

the cable. Only the submerged weight of the davit lines is calculated. The davit cable elements, 

used by OFFPIPE, ignore the small difference between the dry and submerged weights of the 

davit cables. 
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6.0 Printed Output 

  This chapter provides examples and detailed descriptions of the different forms of printed 

output produced by OFFPIPE. The output printed by OFFPIPE includes: 

1. Input Data Echo. The input data listed exactly as entered; in a report format which includes 

brief descriptions of the input parameters and their correct units. 

2. Static Pipe Coordinates, Forces and Stresses. The standard output tables for the static solution; 

the static values of the pipe node coordinates, internal forces, support reactions, and stresses or 

strains. 

3. Static Solution Summary. The input data and static solution summarized in a one or two page, 

eighty (80) column report format. 

4. Dynamic Range of Pipe Forces and Stresses. The standard output tables for the results of the 

dynamic solution; the dynamic range of the pipe node coordinates, internal forces, support 

reactions, and stresses or strains. 

5. Maximum Dynamic Pipe Forces and Stresses. The standard output tables for the results of the 

dynamic solution; the maximum dynamic values of the pipe node internal forces, support 

reactions, and stresses or strains. 

6. Instantaneous Dynamic Pipe Forces and Stresses. The standard output tables for the 

instantaneous values of the dynamic solution; the instantaneous values of the pipe node 

coordinates, internal forces, support reactions, and stresses or strains at each output sampling 

time step. 

7. Stinger Ballast Schedule Output. The hitch moments resulting from the pipe support reactions 

on the stinger, and other data used to estimate the stinger ballast schedule. 

8. Plot File Information Tables. A summary of the contents of the time history and/or profile 

plot-data file(s) generated OFFPIPE. 

Each of the above output tables and reports is discussed in one of the following sections. An 

example of each table or report is given to illustrate the format in which the results are presented. 

  Output tables 2, 4, 5 and 6 above are printed in OFFPIPE's standard output table format. This 

format, which is described in detail in Section 6.2, presents the values of the coordinates, internal 

forces, support reactions, and stresses or strains at each pipe node in a clear, concise tabular form 

that is easily read and understood. Because the standard output table format is shared by several of 

the above output options, the results of static and dynamic analyses performed, by OFFPIPE, have 

a consistent appearance and can easily be compared to each other. 

6.1 Input Data Echo 

  The input data echo, part of which is shown in Figure 6-1, provides a printed record of the input 

data entered for each analysis performed by OFFPIPE. In the input echo, the input parameter 

values are reproduced exactly as they are entered, but the values are printed in a report format 

rather than a card image format. This report format includes a brief description, with the 

appropriate units, for each input parameter. The input data are echoed in the order in which they 

are encountered in the input file, and the parameter values on each record are echoed in the order 

in which they appear on the record. The input echo is mandatory and always printed by OFFPIPE. 

  Because the input data is reproduced exactly as entered, the input echo does not show the 

default values that are assigned, by OFFPIPE, when some input parameters, such as the pipe, pipe 
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support and stinger element properties, are not specified. The values of these parameters must be 

determined from other output tables produced by OFFPIPE. The values of the pipe properties, 

calculated by OFFPIPE, are printed in the Static Solution Summary, discussed in Section 6.3. The 

values of the pipe support and stinger element properties can be determined by printing the 

contents of the pipe/cable, pipe support and stinger element property tables. 

  Because a description of each input parameter is provided in the input echo, the input echo is, 

for the most part, self explanatory. For a detailed discussion of the individual input parameters 

entered, on each record, please refer to Section 3.6. 

 

Figure 6-1, An excerpt from OFFPIPE's standard input data echo. 

6.2 Static Pipe Coordinates, Forces and Stresses 

  The complete results of static analyses are printed, by OFFPIPE, in the Static Pipe Coordinates, 

Forces and Stresses. This output is printed in the standard output table format shown, for a three 

dimensional pipelaying analysis, in Figures 6-2 and 6-3. In the Static Pipe Coordinates, Forces and 

Stresses, the coordinates, internal forces, support reactions, support separations, and stresses (or 
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strains) calculated, for the pipeline and laydown cable, are printed for each pipe and cable node. 

The calculation results are printed in the order in which the pipe and cable nodes occur in the 

finite element model. For a pipelaying analysis, the results are printed, beginning at the first 

station on the laybarge and proceeding to the point of apparent fixity on the seabed. 

  The calculation results printed, in the Static Pipe Coordinates, Forces and Stresses, include  

(reading from left to right in the tables) : 

1. Node number of the present pipe or cable node. The node numbers for the stinger nodes and 

boundary nodes, used to represent the pipe supports, tensioner(s) and davits on the laybarge, are 

not shown. 

2. Section of the finite element model where the present pipe or cable node is found. The section 

names used are “LAYBARGE”, “TENSIONR”, “STINGER”, “SAGBEND” and “SEABED”. 

3. Global coordinates of the present pipe or cable node. In two dimensions, the values printed are 

the global X and Y coordinates and vertical angle b of the pipe or cable node. In three 

dimensions, the values printed include the global Z coordinate and horizontal angle a of the 

node. 

4. Pipe or cable length. In addition to the pipe and cable node coordinates, the length of the 

pipeline or laydown cable, measured from the first station on the laybarge to the present pipe or 

cable node, is also printed by OFFPIPE. 

5. Support reaction(s) acting on the present pipe or cable node. The horizontal and vertical support 

reactions are printed for pipe and cable nodes on the laybarge and stinger (in pipelaying 

analyses), and for pipe and cable nodes resting on the seabed. The support reaction is the force 

exerted, on the pipeline or laydown cable, by the pipe supports and soil. 

 

Figure 6-2, The static pipe node coordinates and stresses in 3-dimensions. 
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Figure 6-3, The static pipe node coordinates, internal forces and reactions in 3-dimensions. 

For pipe supports, the horizontal reaction is the component of the force, exerted on the pipeline 

or cable, that is perpendicular to the pipeline or cable and parallel to the global X-Z plane. The 

vertical reaction is the force component that is perpendicular to the pipeline or cable, and 

parallel to the vertical plane defined by the longitudinal axis of the pipeline or cable. 

For the seabed, the vertical reaction is the force exerted on the pipeline or cable, by the soil, in 

the global Y coordinate direction. The horizontal reaction is the component of the force exerted 

on the pipeline or cable, by the soil, that is parallel to the global X-Z plane. 

6. Support separation. In a pipelaying analysis, if the pipeline or laydown cable lifts off a pipe 

support, or the pipeline or cable is not in contact with either side roller of the support, OFFPIPE 

prints the separation(s) between the pipeline or laydown cable and the centerline of the pipe 

support. 

The vertical separation is the distance, measured at the centerline of the pipe support, between 

the bottom of the pipeline or laydown cable and the bottom roller(s) of the support. The 

horizontal separation is the distance between the longitudinal axis of the pipeline or cable and 

the centerline of the support. Note that the horizontal separation does not represent the actual 

separation between the pipeline and either side roller of the support. 

7. Pipe tension. The pipe tension is the external, axial force acting on the pipeline or laydown 

cable at the present pipe or cable node. The pipe tension, printed by OFFPIPE, does not include 

the hydrostatic capped-end force. Thus, the pipe tension can be positive, even though the tensile 

stress in the pipeline is compressive, be cause of the external hydrostatic pressure. 

8. Bending moment(s). The calculated bending moments, about the vertical and horizontal 

principal axes of the pipeline cross section, are printed for the pipe nodes. The bending moment 

about the horizontal principal axis (in the vertical principal plane) is identified, in the output, as 
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the vertical bending moment. The bending moment about the vertical principal axis (in the 

horizontal principal plane) is identified as the horizontal bending moment. The principal axes 

and principal planes of the pipeline are shown in Figure 4-4. 

9. Total bending moment. The total bending moment is the vector sum of the vertical and 

horizontal bending moments calculated for the pipeline. 

10. Tensile stress or strain. The tensile stress in the pipeline is given by the formula: 

awhDaTt /4/1/ 2         (6.1) 

Where: t =tensile stress; 

T= external pipe tension; 

 =3.14159; 

D= outside diameter of the steel pipe; 

w= specific weight of sea water; 

h= depth of the pipe node; 

a= cross sectional area of the steel pipe. 

In analyses in which the pipe strains are printed in place of the stresses, or a nonlinear moment 

curvature relationship is used for the pipeline, the tensile strain is given by: 

Ett /           (6.2) 

Where: t = tensile strain; 

E= modulus of elasticity of the pipe steel. 

11. Bending stress(es) or strain(s). The vertical and horizontal bending stresses are calculated, 

from the vertical and horizontal bending moments, using the formula: 

SIFIDM hvhv  /2/1 ,,        (6.3) 

Where: hv, = vertical or horizontal bending stress; 

hvM , = vertical or horizontal bending moment; 

I  =  cross sectional moment of inertia of the steel pipe; 

SIF = an optional, user defined stress intensification factor. 

In analyses in which the pipe strains are printed in place of the stresses, the bending strain is 

given by: 

Ehvhv /,,            (6.4) 

Where: hv, = tensile strain. 

In analyses in which a nonlinear moment curvature relationship is used for the pipeline, the 

bending strain is calculated directly from the Ramberg-Osgood equation: 

chv

B

ycycyhv MMMMAMME /))/(/(/ ,,      (6.5) 

Where: hv, = pipe strain; 
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       y = nominal specified minimum yield strength of the pipe steel; 

My = bending moment at the onset of yield for the pipe steel; 

A= Ramberg-Osgood equation coefficient; 

B= Ramberg-Osgood equation exponent. 

12. Hoop stress or strain. The hoop stress in the pipeline (printed in three dimensional analyses 

only) is given by: 

twDhh /2/1          (6.6) 

Where: h = hoop stress; 

t= steel pipe wall thickness. 

In analyses in which the pipe strains are printed in place of the stresses, or a nonlinear moment 

curvature relationship is used for the pipe, the hoop strain is given by: 

Ere hh /          (6.7) 

Where: he = hoop strain. 

13. Total or combined pipe stress or strain. The total pipe stress is calculated from the given tensile, 

hoop and bending stresses using the Von Mises or maximum distortion energy formula: 

2/122 ])()[( htchtcvm        (6.8) 

Where: vm = equivalent total stress; 

c = vector sum of the vertical and horizontal bending stresses. 

The total stress is calculated, at each pipe node, for both the maximum and minimum values of 

the total bending moment and the result with the maximum absolute value is printed in the 

output. 

In analyses in which the pipe strains are printed in place of the stresses, or a nonlinear moment 

curvature relationship is used for the pipeline, the total pipe strain is calculated from the given 

tensile, hoop and bending strains using the Von Mises or maximum distortion energy formula: 

2/122 ])()[( htchtcvm        (6.9) 

Where: vm =equivalent total strain; 

c =vector sum of the vertical and horizontal bending strains. 

14. Percent of yield or allowable strain. The percent of yield is the ratio of the calculated total or 

combined pipe stress to the specified minimum yield strength of the pipe steel, expressed in 

percent. In analyses in which the pipe strains are printed in place of the stresses, or a nonlinear 

moment curvature relationship is used for the pipeline, the percent of the allowable strain is the 

ratio of the calculated total or combined pipe strain to the allowable pipe strain, expressed in 

percent. 
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  In two dimensional problems, the results of analyses presented, in the standard output table 

format, are printed as a single table. In three dimensional problems, two separate tables are 

required to print the results of the analyses, because of the increased number of columns that must 

be printed. The pipe node coordinates, support reactions, support separations, and pipe stresses or 

strains are printed in the first table. The pipe tension and bending moments (internal forces) are 

printed in the second table. The pipe node coordinates are repeated, in the second table, for 

reference purposes. 

6.3 Static Solution Summary 

  The results of static pipelaying analyses can be printed, along with a summary of the input data, 

in the Static Solution Summary, shown in Figure 6-4. The Static Solution Summary is printed in a 

narrow 80 column) report format that can be displayed on a standard width computer terminal or 

inserted into a report, without being reduced in size. The Static Solution Summary includes 

summaries of: 

1. Pipe properties. The pipeline and pipe coating dimensions, material properties, cross sectional 

area, moment of inertia, weight perunit-length, and specific gravity, for each pipe entry in the 

pipe/cable property table. 

2. Laybarge data. The total pipe tension, number of pipe supports, number of tensioners, pipe 

radius, laybarge trim angle, and pipe departure angle at the stern shoe of the laybarge (printeed 

in pipelaying and davit lift analyses only). 

3. Stinger data. The number of pipe supports, number of elements, pipe radius, stinger length, pipe 

departure angle, and depth of the stinger tip. The stinger tip depth port is measured at the last 

pipe support on the stinger (printed in pipelaying analyses only). 

4. Sagbend geometry. The water depth and horizontal tension in the pipe or cable span. 

5. Calculation results. The calculated pipe node coordinates, support reactions, bending moment, 

and pipe stresses or strains at each pipe node on the laybarge and stinger, at the point of 

maximum stress in the sagbend, and at the touchdown point on the seabed. 

6.4 Dynamic Solution Results 

  In dynamic analyses, OFFPIPE can print three additional sets of output tables. Each of these 

tables is printed in the standard output table format described in Section 6.2, for the static solution. 

Examples of the three different dynamic output tables, for a three dimensional analysis, are shown 

in Figures 6-5 through 6-10. The three types of dynamic output tables printed by OFFPIPE are: 

1. Dynamic Range of Pipe Forces and Stresses. The dynamic range of the pipe node coordinates, 

support reactions, support separations, internal forces, and stresses or strains. 

2. Maximum Dynamic Pipe Forces and Stresses. The maximum dynamic values of the pipe 

support reactions, support separations, internal forces, and stresses or strains. The maximum 

dynamic value is the value having the greatest absolute value in the dynamic solution. The 

maximum values are printed with their correct (+/-) sign. In this table(s) only, the median values 

are printed for the pipe node coordinates and pipe length, because the maximum values of these 

parameters are not meaningful. 
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Figure 6-4, The static solution summary output. 
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Figure 6-5, The dynamic range of pipe node coordinates and stresses in 3-dimensions. 

 

Figure 6-6, The dynamic range of pipe node coordinates, forces and reactions in 3-dimensions. 
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Figure 6-7, The maximum dynamic pipe node coordinates and stresses in 3-dimensions. 

 

Figure 6-8, The maximum dynamic pipe node coordinates, iforces and reactions in 3-dimensions. 
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Figure 6-9, The instantaneous dynamic pipe node coordinates and stresses in 3-dimensions. 

 
Figure 6-10, Instantaneous dynamic pipe node coordinates, forces and reactions in 3-dimensions. 

3. Instantaneous Dynamic Pipe Forces and Stresses. The instantaneous values of the pipe node 

coordinates, support reactions, support separations, internal forces, and stresses or strains. This 

table(s) is printed each time the dynamic solution is sampled. 

  Because the format of the above dynamic output tables is the same as that described in Section 
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6.2, a detailed description of the parameters listed in the dynamic output tables will not be 

repeated in this section. For an explanation of the parameters listed in the dynamic output tables, 

please refer to Section 6.2. 

  The dynamic range and maximum dynamic values of the pipe node coordinates, and the other 

parameters whose values are printed in the dynamic output tables, are calculated by scanning the 

values of these parameters each time the dynamic solution is sampled. The time step length used, 

for sampling the dynamic solution, is specified on the TIME screen or record. 

  The sampling time step length is usually the same as the integration time step length, or a small 

integer multiple of the integration time step. When the sampling time step length is greater than 

the integration time step, the values of these parameters, at time steps which fall between the 

sampling points, are not considered. Note, that because of the large number of sampling points 

normally used, the output tables printed for the Instantaneous Dynamic Pipe Forces and Stresses 

can be several hundred pages in length. 

6.5 Stinger Ballast Schedule Output 

  In static analyses, OFFPIPE can print a special table containing information which may be used, 

in conjunction with a fixed geometry stinger model, to estimate the ballast schedule required to 

obtain a given stinger configuration. The quantities listed in the Stinger Ballast Schedule Output, 

shown in Figure 6-11, are: 

1. Section number. The index of the present stinger section or element. 

2. Pipe node number. The node number of the pipe node positioned at the aft end of the present 

stinger section or element. 

 

Figure 6-11, The stinger ballast schedule output. 

3. Vertical reaction. The vertical component of the support reaction on the pipe support positioned 

at the aft end of the present stinger section or element (if it exists). 

4. Reaction Moment. The moment about the stinger hitch due to the support reaction at the aft end 

of the present stinger section or element  (if it exists) . 

5. Section length. The length of the present stinger section or element. 

6. Distance to hitch. The horizontal distance from the pipe support, positioned at the aft end of the 

present stinger section or element, to the stinger hitch (the length of the moment arm for the 

reaction moment) . 

7. Section weight. The total weight in air of the present stinger section or element. 

8. Section displacement. The total displacement of the present stinger section or element. 

9. Uniformly distributed ballast. The ballast content, for the present stinger section or element, 
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which would be required to obtain the given stinger configuration using a rigid, fixed curvature 

stinger; calculated by assuming that the stinger ballast is uniformly distributed over the length 

of the stinger. 

10. Equal ballast per section. The ballast content, for the present stinger section or element, which 

would be required to obtain the given stinger configuration using a rigid, fixed curvature stinger; 

calculated by assuming that the ballast content is the same for each stinger section or element. 

11. Articulated stinger estimated ballast. The approximate ballast content, for the present stinger 

section or element, which would be required to obtain the given stinger configuration, using an 

articulated stinger; estimated using a simplified “linkage'l model of the stinger. 

  OFFPIPE also prints the total value or sum of each of the above quantities (items 3-11) at the 

bottom of each column in the stinger ballast schedule output table. 

6.6 Plot File Information 

  Whenever a profile or time history plot-data file is created, OFFPIPE can optionally print a 

table of information intended to assist the user in accessing and using the data stored in 

OFFPIPE's plot files. This table includes all of the information entered on the PROF or HIST 

screens or recoreds used to create the plot files. The table also includes other items, such as the 

time point(s) at which a profile is generated, the record number of the first record of each profile, 

and the length of each plot file, that may be of use in plotting the data. Examples of the Profile 

Plot File Information and Time History Plot File Information tables are shown in Figure 6-12. 

  The data presented in the Profile Plot File Information table are (reading from left to right in the 

table): 

1. Record number for the first record, of the plot-data, for the present profile. Depending upon the 

number of points in the profile, one or more records may be required for each profile. 

2. Row number of the corresponding plot description in the profile plot table (The values of these 

parameters are entered on the PROF record.). 

3. Plot number which may be referenced by the plotting system. 

4. Code number for the type of profile plot to be generated (The code numbers used to select the 

profile type and plot parameter are listed, as part of the discussions of the PROF and HIST 

records, in Section 3.6.). 

5. Time point at which the plot data was evaluated; used only with data taken from the 

Instantaneous Dynamic Pipe Forces and Stresses. 

6. Code number for the parameter to be plotted on the horizontal axis. 

7. Label for the horizontal axis. 

8. Code number for the parameter to be plotted on the vertical axis. 

9. Label for the vertical axis. 
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Figure 6-12, The plot file information tables. 

A single line is printed in the Profile Plot File Information table each time a new profile is 

created. The information listed, in the table, is printed in the order in which the profiles are 

generated by OFFPIPE. 

  The data presented in the Time History Plot File Information table are (reading from left to right 

in the table): 

1. Row number of the corresponding plot description in the time history plot table. 

2. Plot number which may be referenced by the plotting system. 

3. Node number of the pipe or cable node at which the present plot parameter is calculated. 

4. Code number for the parameter being plotted against time. 

5. Axis label used for the parameter being plotted against time. 

A single line is printed in the Time History Plot File Information table for each output parameter, 

whose history is stored in the time history plot-data file. The information listed, in the table, is 

printed in the order in which the output parameters are stored in the file. 
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7.0 Example Pipelaying Analyses 

  In this chapter, a series of example problems are solved to demonstrate the use of OFFPIPE in 

offshore pipelaying analyses. These examples show how OFFPIPE can be used for a range of 

different pipeline installation problems and pipelaying equipment configurations. 

  The examples presented include two and three dimensional pipelaying analyses performed 

using a fixed geometry stinger, a rigid fixedcurvature stinger, a flexible stinger and an articulated 

stinger. Other examples presented include a “j-lay” analysis performed without a stinger, an 

abandonment/recovery analysis, a hanging initiation analysis, and three dimensional dynamic 

pipelaying analyses. 

  Each of the example problems is used to demonstrate a particular set of OFFPIPE's modeling 

features and analysis capabilities. To simplify these examples and focus the user's attention on the 

specific program features demonstrated in each one, the examples are all derived from a single, 

basic pipelaying problem. The input data for this basic problem is summarized in Table 7. 1.  

Table 7-1, Basic Input Data for Example Problems. 

Pipe Diameter  

Wall Thickness  

Pipe Grade 

Wrap Coat Thickness  

Wrap Coat Density 

Concrete Thickness  

Concrete Density  

Field Joint Fill Density  

Pipe Specific Gravity  

Minimum Pipe Tension  

Laybarge Pipe Radius  

Stinger Pipe Radius  

Stinger Length  

Water Depth  

16.0 inches 

0.5 inches 

API 5LX-52 

3/32 inches 

120 lbs/ft3 

2.0 inches 

190 lbs/ft3 

120 lbs/ft3 

1.65 

100 kips 

720 feet 

640 feet 

240 feet 

300 feet 

7.1 Example Problem 1 

  In the first example, a conventional, static pipelaying analysis is performed using the fixed 

geometry stinger model. This analysis is performed in two dimensions and typical of the simple, 

preliminary analyses often undertaken at the beginning of a pipelaying study. The features of 

OFFPIPE highlighted in this example are listed in Table 7-2.  

Table 7-2, OFFPIPE Features Demonstrated in Example Problem 1.  

□ Basic 2-dimensional, preliminary pipelaying analysis. 

□ Barge geometry defined using option 3: radius of curvature and coordinates of stern shoe 

□ Stinger geometry given by option 4: radius of curvature, element lengths and match point at 

barge stern (The pipe support closest to the stern of the laybarge is sometimes referred to as the 

“ stern  shoe” .). 

□ Stinger-modeled using option 1: fixed geometry (no structural model) . 

□ Concrete thickness calculated from pipe specific gravity. 

□ Stinger ballast schedule estimated by OFFPIPE from specified element weights and 
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displacements. 

□ Static pipe tension specified on barge. 

□ Constant pipe element length used in sagbend. 

7.1.1 Input Data 

  The input data for the first example problem is described in this section. The data is discussed 

below in the order in which the input records appear in the input data file. The contents of the 

input data file are listed in Figure 7-1, and echoed in the Input Data Echo printed by OFFPIPE. 

The Input Data Echo for this example is shown in Figure 7-2. 

  The problem heading, job descriptor, user name and problem units are entered first using the 

HEAD record. The HEAD record must always be the first non-comment record in the input data 

file.  

Figure 7-1, The input data for Example Problem 1. 

*COMM **************************************************************** 

*COMM *********************. EXAMPLE PROBLEM - 1 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A SIMPLE, 2-D PIPELAY ANALYSIS USING A FIXED 

*COMM  GEOMETRY STINGER.  IT DEMONSTRATES THE FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY DEFINED BY RADIUS OF CURVATURE AND FIXED HEIGHT 

*COMM     OF STERN SHOE 

*COMM 

*COMM   - FIXED GEOMETRY STINGER (NO STRUCTURAL MODEL) 

*COMM 

*COMM   - STINGER GEOMETRY GIVEN BY MATCH POINT AND RADIUS OF CURVATURE 

*COMM 

*COMM   - STINGER ELEMENT WEIGHTS AND DISPLACEMENTS SPECIFIED FOR CALCUL- 

*COMM     ATION OF BALLAST SCHEDULE ESTIMATES 

*COMM 

*COMM   - STINGER BALLAST SCHEDULE ESTIMATED USING OUTPUT TABLE 

*COMM 

*COMM   - CONSTANT PIPE PROPERTIES OVER LENGTH OF PIPE STRING, CONCRETE 

*COMM     COATING THICKNESS GIVEN BY SPECIFIC GRAVITY 

*COMM 

*COMM   - STATIC PIPE TENSION SPECIFIED ON LAYBARGE 

*COMM 

*COMM   - CONSTANT PIPE ELEMENT LENGTH USED IN SAGBEND 

*COMM 

*COMM   - TYPICAL OVERLAY PLOTS AND STANDARD PRINTED OUTPUT SPECIFIED 

*COMM 

*COMM **************************************************************** 

*COMM *******************. PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 1: BASIC 2-D PIPELAY, FIXED GEOMETRY STINGER, BALLAST ESTIMATE', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY', UNIT=1 

*COMM **************************************************************** 

*COMM **********************. PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1, 

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1 

*PROF ROW=2, NUMB=1, TYPE=1, 

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='TOTAL VON MISES PIPE STRESS', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PROF ROW=3, NUMB=2, TYPE=1, 

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION', 

ORDL='VERTICAL BENDING MOMENT', ABSL='PIPE HORIZONTAL X COORDINATE', ORDI=10, 

ABSC=1 
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*PROF ROW=4, NUMB=2, TYPE=1, 

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION', 

ORDL='VERTICAL PIPE SUPPORT REACTION', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=7, ABSC=1 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM *********************. PRINTED OUTPUT ************************** 

*COMM **************************************************************** 

*PRIN STAT=1, SUMM=1, SUPP=1, BALL=1 

*COMM **************************************************************** 

*COMM **********************. PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100 

*COMM **************************************************************** 

*COMM ******************. PIPE AND COATING DATA ********************** 

*COMM **************************************************************** 

*PIPE ROW=1, DIAM=16, WALL=0.5, YIEL=52 

*COAT ROW=1, TCOR=0.09375, DCOR=120, DCON=190, SPGR=1.65, LENG=40, FJNT=3, 

DJNT=120 

*COMM **************************************************************** 

*COMM ***********************. BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=3, RADI=720, YTAN=3, DECK=16, TRIM=0.6, XSTE=10, YSTE=-14.5, 

XROT=200, YROT=-16 

TABL = (X,Y,SUPP,DAVI) 

290, , 1, 

250, , 2, 

210, , 2, 

170, , 1, 

130, , 1, 

90, , 1, 

50, , 1, 

10, , 1, 

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=9, GEOM=4, TYPE=1, RADI=640, XHIT=-3, YHIT=-20, XTAN=0 

TABL = (X,Y,SUPP,SECT,LENG) 

, , , , 15 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , 300, , 15 

*WEIG NUMB=9 

TABL = (WEIG,DISP) 

41.25,  52.88 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

41.25,  52.88 

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300 

*COMM **************************************************************** 

*COMM **********************. RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM ***********************. END OF DATA *************************** 
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*COMM **************************************************************** 

  Plot requests for two sets of profile plots are entered next using four consecutive PROF records. 

The first two records entered are used to request a single plot in which the total pipe stress is 

superimposed on the pipeline elevation profile. The next two records are used to request a second 

plot in which the vertical bending moment is superimposed on the calculated pipe support 

reactions. 

  The type of plotting device provided by the user, and the default method used by OFFPIPE to 

scale the plot axes, are specified on the PLTR record. In the present example, the plotter selected 

is a HewlettPackard Laserjet printer, and the plot axes are scaled in such a way that each plot will 

almost fill the available space. 

  The output printed by OFFPIPE is selected using the PRIN record. In the present example, the 

PRIN record is used to request the Overbend Pipe Support Geometry tables and Stinger Ballast 

Schedule Output (The ballast schedule information provided by the Stinger Ballast Schedule 

Output will be used for example problems (2 - 5, 7, 8).). This output provides a summary of the 

calculated positions of the pipe supports on the laybarge and stinger, plus information that can be 

used to estimate the ballast schedule required to produce the present fixed stinger configuration. A 

ballast schedule estimate must be entered whenever a structural stinger model is used. 

  Two other output options are selected on the PRIN record. These options, the Static Pipe 

Coordinates, Forces and Stresses and the Static Solution Summary, are normally included in the 

default output printed by OFFPIPE for a static analysis. The PRIN record is not required to 

request these output options. However, if these options are desired, they must be selected 

whenever the PRIN record is included in the input data file to print one or more nonstandard 

options. If the PRIN record is entered and they are not selected, OFFPIPE will assume that the 

user intends to disable its standard output. 

  The minimum static pipe tension on the laybarge (100 kips) is specified using the TENS record. 

It is assumed by OFFPIPE that the total pipe tension is divided equally between the two tensioners 

on the laybarge. 

  The physical properties of the pipeline are specified using the PIPE and COAT records. In the 

present example, the properties specified on the PIPE record include the diameter (16 in), wall 

thickness (0.5 in) and nominal yield stress (52 ksi) for the steel pipe. The values of other 

properties, such as the pipe weight and modulus of elasticity of the pipe steel, are not given. The 

values of these properties will be assigned or calculated internally by OFFPIPE. 

  The properties specified on the COAT record include the pipeline's specific gravity (s.g.=1.65), 

the thickness of its corrosion coating (3/32 in), and the densities of the corrosion (120 lbs/ft3) and 

concrete weight coating materials (190 lbs/ft3). The values of other properties, such as the 

thickness of the concrete coating and density of the pipe steel, are not given. The values of these 

properties will also be assigned or calculated internally by OFFPIPE. 

  The BARG record is used to specify the number of stations on the laybarge, and the positions 

and support types of the pipe supports and tensioners. In the present example, the pipeline is 

supported on the laybarge by six conventional pipe supports and two tensioners. The support types 

of the six pipe supports are not given explicitly on the BARG record, so these supports will be 

assigned the default support type (type 1). 

  The horizontal X coordinates of the pipe supports and tensioners are given explicitly on the 

BARG record. To simplify the input data, the spacing between pipe supports and tensioners is 

assumed to be constant (40 feet). The X coordinates of the supports are expressed in terms of the 
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local, laybarge coordinate system. The origin of this system is placed at the stern or transom of the 

laybarge. 

  The elevations3 (The vertical (Y) coordinates of the pipe supports and tensioners on the 

laybarge and stinger define the B.O.P. (bottom of pipe) elevation of the pipeline.) of the pipe 

supports and tensioners on the laybarge are specified using laybarge geometry option (4). The 

elevations of pipe supports aft of the tangent point are defined by a constant radius of curvature, 

and the horizontal X coordinate and elevation (Y coordinate) of the stern shoe. The radius of 

curvature of the pipeline is 720 feet. The stern shoe is positioned 10.0 feet forward of the stern of 

the laybarge, and 14.5 feet below the deck. 

  The elevations of the pipe supports and tensioners forward of the tangent point are defined by a 

straight ramp. This ramp is parallel to the barge deck and positioned 3.0 feet above the deck. The 

laybarge trim angle is 0.6 degrees. The draft of the laybarge is such that the deck would be 16.0 

feet above the mean water surface, at level trim. 

  When the trim angle is applied, the laybarge is rotated about its center of motion in the X-Y 

plane. The center of motion is positioned 200 feet forward of the stern of the laybarge and 16.0 

feet below the deck. 

  The stinger type, stinger geometry and pipe support configuration are specified on the STIN 

record. In the present example, the stinger is represented by a fixed geometry stinger model. A 

structural model of the stinger is not used. The fixed geometry model is selected by specifying 

stinger-type option (1). 

  The geometry of the stinger is defined using stinger geometry option (4). The shape and 

position of the stinger are given by a tangent point and radius of curvature (The pipe radius on the 

stinger is slightly less than the pipe radius on the laybarge (See Table 7.1) because the reduced 

submerged weight and shorter span length between supports result in lower pipe stresses on the 

stinger.). The elevation and angle of the tangent point are calculated by OFFPIPE. The coordinates 

are calculated in such a way that the two circular arcs, used separately to define the elevations of 

the pipe supports on the laybarge and stinger, are tangent at the stern of the  laybarge (The 

position of the stinger tangent point in the laybarge coordinate system is given by XTAN = 0.)  

(the  point X=0) . 

  The pipe is supported on the stinger by eight conventional pipe supports. The support types of 

these pipe supports are not specified on the STIN record, so these supports will also be assigned 

OFFPIPE's default support type (type 1). 

  The positions of the pipe supports, on the stinger, are defined by entering the spacings (element 

lengths) between supports on the STIN record. The first pipe support is positioned 15 feet aft of 

the stinger hitch. The remaining pipe supports are placed 30 feet apart. The stinger tip extends 15 

feet beyond the last pipe support. There is no pipe support or corresponding pipe node at the 

stinger tip. 

  The total length of the stinger (240 feet) is given by the sum of the specified element lengths. 

The centerline of the stinger hitch is located 3.0 feet aft of the stern of the laybarge and 20 feet 

below the deck. 

  The weights and displacements of the stinger elements are specified on the WEIG record. The 

stinger element weights and displacements are not normally required unless a structural stinger 

model is being used. However, their values have been entered in the present example, so the 

ballast schedule required to achieve the fixed stinger configuration can be estimated by OFFPIPE. 
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  The stinger considered, in the present example, has a total weight of 660,000 lb. and a total 

displacement of 845,000 lb. To simplify the input data for this example, the stinger's weight and 

displacement are assumed to be uniformly distributed over the length of the stinger.  

  The water depth and pipe element length used in the sagbend and on the seabed are specified on 

the GEOM record. The present analysis is performed using a fixed element length of 40 feet. The 

seabed is assumed to be parallel to the water surface. The water depth is 300 feet. 

7.1.2 Printed Output 

  The output printed by OFFPIPE, for the present example, is shown in Figure 7-2. This output is 

printed in five parts:  

1. An echo of the input data.  

2. The results of the present pipelaying analysis, printed in the  standard output table format used 

by OFFPIPE.  

3. A one page summary of the input data and static solution.  

4. A table listing the calculated positions of the pipe supports on the laybarge and stinger.  

5. A table of data which can used to estimate the ballast schedule required to produce the present 

stinger configuration. 

  Each section of the output is identified by a title which is printed directly beneath the standard 

OFFPIPE page heading (See Figure 7-2). These section titles are highlighted in the following 

discussion of the output using boldface type. 

  The Input Data Echo (item 1 above) provides a written record of the input data used for each 

analysis. The values of the input variables are listed in the Input Data Echo exactly as they appear 

in the input data file (The values of variables that are not entered are echoed by OFFPIPE as 

zeroes. The values of some variables normally calculated internally by OFFPIPE, such as the cross 

sectional area of the pipe steel, are printed only in the static solution summary. The default values 

of some other variables, such as Poisson's ratio (v=0.3), are only mentioned in the program 

documentation.). The values are printed in a report format which includes a descriptive heading 

and the correct units for each input variable. 

  The results of each pipelaying analysis performed by OFFPIPE are presented, in tabular form, 

in the Static Pipe Coordinates, Forces and Stresses (item 2). The results printed include the 

equilibrium coordinates of the pipe nodes, the calculated pipe support reactions, the internal forces 

in the pipeline at the nodes, and the calculated pipe stresses(or strains) at the nodes. The results 

obtained for the present example are summarized below. 

  The maximum bending stress on the laybarge occurs at node 9 and has a value of 37.2 ksi. The 

corresponding maximum combined (total) pipe stress on the laybarge is 41.2 ksi, or 79.3 percent 

of the specified minimum yield strength (SMYS) of the pipe steel. The departure angle at the stern 

of the laybarge (the pipe angle at the stern shoe) is 13.2 degrees. The pipe node at the stern shoe is 

approximately 0.5 feet below the still water surface (Remember that pipe node elevations always 

refer to the bottom surface of the pipeline.). 

  Note that the point of maximum pipe stress on the laybarge is close to the tangent point. The 

increased stress near the tangent point is due to the pipe's inability to make a sudden transition 

from the straight pipe ramp to a constant radius of curvature. The maximum stress on the laybarge 

could be reduced by using laybarge geometry option (1) to manually specify the elevation of each 

pipe support, and provide a smoother transition between the curved and straight sections of the 
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pipe ramp. 

  On the stinger, the maximum bending stress in the pipeline occurs at node 30 and has a value of 

34.8 ksi. The corresponding maximum combined stress has a value of 38.4 ksi, or 73.8 percent of 

the SMYS of the pipe steel. The departure angle at the stinger tip is 34.3 degrees. The water depth 

at the last pipe support on the stinger is approximately 96.6 feet. 

  The maximum pipe stress on the stinger occurs near the stinger tip, at the pipe support which 

carries the maximum support reaction on the stinger. The pipe support reaction at this point (11.1 

kips) is greater than the reactions at other points on the stinger, because it includes part of the 

weight of the unsupported pipe span in the sagbend. 

  It can be seen in the results presented in Figure 7-2 that the magnitudes of the pipe stresses and 

support reactions are relatively constant on the laybarge and stinger. The pipe is not resting too 

heavily on the pipe support closest to the stinger tip. The results indicate that the pipe support 

geometry used in the present example is close to the optimum geometry for the specified pipe 

tension and given laybarge and stinger configurations. 

  In the sagbend, the maximum bending stress in the pipe occurs at node 45 and has a value of 

24.0 ksi. The corresponding maximum combined pipe stress has a value of 26.7 ksi, or 53.0 

percent of the SMYS of the pipe steel. The point at which the maximum stress occurs is 

approximately 440 feet (measured along the pipeline) from the stinger tip, and 200 feet from the 

point where the pipeline first touches down on the seabed. 

  The pipeline touches down on the seabed at node 50, approximately 1160 feet from the first 

station on the laybarge. The projected length of the sagbend in the global X coordinate direction is 

approximately 593 feet. The increased soil reaction at the touchdown point (5.6 kips) is due to the 

weight of the unsupported pipe span. The presence of a small soil reaction (1.4 kips) at node 49 

indicates that the pipeline actually touches down slightly forward (OFFPIPE calculates the exact 

coordinates of the point at which the pipeline touches down on the seabed. However, the values of 

the pipe coordinates, internal forces, and stresses (or strains) are printed in the Static Pipe 

Coordinates, Forces and Stresses only for the pipe nodes.) of node 50. The exact position of the 

touchdown point is given in the Static Solution Summary described below. 

  In the Static Solution Summary (item 3), the input data and results of the present static analysis 

are summarized in a one or two page report that is printed using an 80 column format. The 

information presented includes the physical properties of the pipeline, brief descriptions of the 

results obtained for the laybarge, stinger and sagbend, and a summary of the pipe node coordinates, 

support reactions, and pipe stresses or strains printed by OFFPIPE in the Static Pipe Coordinates, 

Forces and Stresses. 

  The Static Solution Summary contains some information not printed elsewhere by OFFPIPE. 

Included in the Pipe Properties are the default values of several variables that have been assigned 

or calculated internally by OFFPIPE. These variables were not specified on the PIPE or COAT 

records. The variables assigned or calculated by OFFPIPE include the weight, concrete thickness, 

modulus of elasticity, cross sectional area and moment of inertia of the pipeline. Other parameters 

printed only in the Static Solution Summary include the actual, computed pipe tension on the 

laybarge (The desired pipe tension on the laybarge is generated, in static analyses, by flxing the 

axial displacement of the pipeline on the laybarge and applying a horizontal force to the free end 

of the pipeline lying on the seabed. The pipe tension printed in the Static_Solution Summary is the 

tension actually produced on the laybarge by the this horizontal force.), which is listed with the 
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Laybarge Data, and the total length of the stinger model, which is listed with the Stinger Data. 

  The Overbend Pipe Support Geometry table (item 4) gives the calculated positions of the pipe 

nodes and pipe supports in the laybarge oriented, local coordinate system used for the input data. 

This output can be useful when adjusting the heights of supports, or specifying support elevations 

for use in the field. To assist in adjusting the supports, the output table also lists the pipe support 

reactions and support separations copied from the Static Pipe Coordinates, Forces and Stresses. 

  The Stinger Ballast Schedule Output (item 5) provides data that can be used to estimate the 

ballast schedule required to achieve the present (fixed) stinger configuration. The information 

presented includes the pipe support reactions on the stinger, the reaction induced moments about 

the stinger hitch, the weights and displacements of the stinger elements, and four example ballast 

schedules (These ballast schedules are based on assumptions that may not be correct for any 

specific stinger. They are intended to serve as possible starting points for a more exact ballast 

schedule to be developed by the user.) that have been calculated by OFFPIPE. 

  The first two ballast schedules given are intended for use with a rigid, fixed curvature stinger. 

The first ballast schedule is based on the assumption that the ballast is uniformly distributed over 

the length of the stinger. The second ballast schedule assumes that the ballast content is the same 

for each stinger element. 

  The third and fourth ballast schedules given are intended for use with an articulated stinger. The 

third ballast schedule is calculated by performing an exact moment balance about each hinge in 

the articulated stinger model. The fourth ballast schedule is obtained by performing an 

approximate force and moment balance for each stinger section. 

  Note that this approximate ballast schedule estimate is provided for articulated stingers because 

the exact ballast schedule is sometimes unusable. When an exact moment balance is performed at 

each hinge of an articulated stinger, large negative ballast values are sometimes calculated for 

elements near the stinger hitch.  

7.1.3 Plots 

The two profile plots requested for the present example are shown in Figure 7-3. In the first plot, 

the calculated total pipe stress is superimposed on the pipeline elevation profile. The total pipe 

stress and pipe line elevation are both plotted as functions of the global X coordinates of the pipe 

nodes. 

  In the second plot, the vertical bending moment in the pipeline is superimposed on the 

calculated pipe support reactions. Again, the bending moment and support reactions are plotted as 

functions of the X coordinates of the pipe nodes. 

  Both plots include a page heading which describes of the present example problem, and a plot 

title and axis labels which identify the variables displayed in each plot. 
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Figure 7-2, The printed output for Example Problem 1 
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Figure 7-3a, The plots produced in Example Problem 1. 
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Figure 7-3b, The plots produced in Example Problem 1. 
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7.2 Example Problem 2 

  In the second example, a static, three dimensional analysis is performed for a conventional 

pipelaying problem in which a rigid, fixed curvature stinger is used. This example demonstrates 

the use of the structural stinger model. It also shows how explicit X and Y coordinates can be used 

to define the positions of pipe supports on the laybarge and stinger. 

  The present problem is based izes the same basic pipe properties, on the preceding example, 

and utilpipe tension, water depth, and laybarge and stinger configurations. This problem is typical 

of the more detailed pipelaying analyses that would normally follow the preliminary analysis 

performed in the previous example. The features of OFFPIPE demonstrated in this problem are 

listed in Table 7-3. 

Table 7-3, OFFPIPE Features Demonstrated in Example Problem 2.  

□ Advanced, 3-dimensional pipelaying analysis. 

□ Barge geometry defined using option 1: explicit X and Y coordinates. 

□ Laybarge heading and offset from pipeline right-of-way specified. 

□ Pipe supports have non-zero roller angles, side roller offset and bed length. 

□ Stinger geometry given by option 1: explicit X and Y coordinates. 

□ Stinger type given by option 3: rigid, fixed curvature stinger. 

□ Structural stinger model used with specified element weights, dis placements and ballast 

schedule. 

□ Stinger rotated from initial (input) position to approximate working position. 

□ User specified stinger section properties. 

□ Lateral current with given velocity profile. 

□ Soil friction coefficient. 

□ Non-zero bottom slope. 

7.2.1 Input Data 

  The input data for the second example problem is described in this section. Because of many 

similarities between the present problem and the preceding example, the following discussion is 

limited to areas in which this example differs from the previous one. For a more complete 

discussion of the input data, refer also to Section 7.1.  

  The differences between the present input data file and the previous one are discussed below in 

the order in which the differences appear in the file. The input data file for the present example is 

listed in Figure 7-4 and echoed in the Input Data Echo, shown in Figure 7-5. 

  The third and fourth PROF records, in the preceding example, are replaced in the present 

problem by two new records. These new records are used to request a profile plot in which the 

horizontal bending stress in the pipe is superimposed on a plan view of the pipeline profile. Note 

that the range of the vertical axis is specified explicitly on the third PROF record. 

  The drag coefficient for the The drag coefficient is required pipeline is specified on the PIPE 

record. to calculate the forces exerted on the pipeline by a steady current. The value entered is 

equal to the default value (Cd = 0.8) that would have been assigned by OFFPIPE if no drag 

coefficient had been given. The thickness of the pipeline's concrete weight coating (2.0 in) is 

entered explicitly on the COAT record. In the preceding example, the concrete thickness was 

defined by specifying the pipe's specific gravity. 
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  The elevations of pipe supports and tensioners on the laybarge are defined in the present 

example using laybarge geometry option (1). The positions of the pipe supports and tensioners are 

given by X and Y coordinates entered explicitly on the BARG record. The Y coordinate values 

entered have been chosen to match (The positions of the pipe supports are approximately the same 

after the laybarge trim angle is applied.) the pipe support elevations calculated by OFFPIPE in the 

preceding example. 

  The coordinates of the pipe supports and tensioners are expressed in terms of the local, laybarge 

coordinate system. As in the preceding example, the origin of the laybarge coordinate system is 

placed at the stern of the laybarge. 

  Except for the stern shoe, the support types of pipe supports on the laybarge are not given on 

the BARG record. These supports will be assigned OFFPIPE's default support type (type 1). The 

properties of the stern shoe are assigned by referencing a user defined support type (type 7). The 

properties of this support will be entered using the SUPP record. 

  The position of the laybarge is defined, in three dimensions, by specifying the laybarge heading 

and its offset from the pipeline right-ofway on the BARG record. In the present example, the 

laybarge heading relative to the direction of lay is +2 degrees. Its offset from the pipeline 

right-of-way is -30 feet. This heading and offset are consistent with the change in position that 

might occur if the laybarge is temporarily pushed off the pipeline right-of-way by a strong lateral 

current.  

Figure 7-4, The input data rile for Example Problem 2. 

*COMM **************************************************************** 

*COMM *********************. EXAMPLE PROBLEM - 2 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A BASIC, 3-D PIPELAY ANALYSIS USING A 

*COMM  STRUCTURAL STINGER MODEL.  IT DEMONSTRATES THE FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY GIVEN BY EXPLICIT X AND Y COORDINATES 

*COMM 

*COMM   - 3-D BARGE POSITION DEFINED BY Z OFFSET AND BARGE HEADING 

*COMM 

*COMM   - BARGE STERN SHOE HAS FINITE LENGTH TO REDUCE PIPE STRESS 

*COMM 

*COMM   - STINGER MODELED AS STIFF TRUSS STRUCTURE HINGED AT BARGE STERN 

*COMM 

*COMM   - STINGER GEOMETRY GIVEN BY EXPLICIT X AND Y COORDINATES 

*COMM 

*COMM   - STINGER ROTATED FROM HORIZONTAL POSITION TO APPROXIMATE WORKING 

*COMM     ANGLE 

*COMM 

*COMM   - STINGER ELEMENT WEIGHTS, DISPLACEMENTS AND BALLAST SCHEDULE 

*COMM     SPECIFIED 

*COMM 

*COMM   - STINGER STATIC EQUILIBRIUM POSITION CALCULATED BY OFFPIPE 

*COMM 

*COMM   - 3-D PIPE SUPPORT AND STINGER ELEMENT PROPERTIES SPECIFIED 

*COMM 

*COMM   - 3-D CURRENT PROFILE AND SOIL FRICTION COEFFICIENT SPECIFIED 

*COMM 

*COMM   - 3-D SLOPING SEABED MODEL USED 

*COMM 

*COMM   - STATIC PIPE TENSION SPECIFIED ON LAYBARGE 

*COMM 

*COMM   - CONSTANT PIPE ELEMENT LENGTH USED IN SAGBEND 

*COMM 

*COMM   - OVERLAY PLOTS SHOW BOTH PLAN AND ELEVATION VIEWS 

*COMM 

*COMM   - PRINTED OUTPUT TABLE OF PIPE SUPPORT COORDINATES REQUESTED 
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*COMM 

*COMM **************************************************************** 

*COMM *******************. PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 2: 3-D PIPELAY, RIGID STINGER, CURRENT, 3-D SUPT., BOTTOM SLOPE', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1 

*COMM **************************************************************** 

*COMM **********************. PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1, 

TITL='PIPE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1 

*PROF ROW=2, NUMB=1, TYPE=1, 

TITL='PIPE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='TOTAL VON MISES PIPE STRESS', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PROF ROW=3, NUMB=2, TYPE=1, 

TITL='PLAN VIEW OF PIPE WITH HORIZONTAL BENDING STRESS', 

ORDL='PIPE HORIZONTAL Z COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=3, ABSC=1, OMIN=-50, OMAX=10 

*PROF ROW=4, NUMB=2, TYPE=1, 

TITL='PLAN VIEW OF PIPE WITH HORIZONTAL BENDING STRESS', 

ORDL='PIPE HORIZONTAL BENDING STRESS', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=16, ABSC=1 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM *********************. PRINTED OUTPUT ************************** 

*COMM **************************************************************** 

*PRIN STAT=1, SUMM=1, SUPP=1 

*COMM **************************************************************** 

*COMM **********************. PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100 

*COMM **************************************************************** 

*COMM ******************. PIPE AND COATING DATA ********************** 

*COMM **************************************************************** 

*PIPE ROW=1, DIAM=16, WALL=0.5, YIEL=52, CD=0.8 

*COAT ROW=1, TCOR=0.09375, TCON=2, DCOR=120, DCON=190, LENG=40, FJNT=3, 

DJNT=120 

*COMM **************************************************************** 

*COMM ***********************. BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=1, DECK=16, TRIM=0.6, XROT=200, YROT=-16, ZROT=0, HEAD=2, 

ZOFF=-30 

TABL = (X,Y,SUPP,DAVI) 

290,   3, , 

250,   3,    2, 

210,   3,    2, 

170,   3, , 

130,   2.01, , 

 90,  -1.21, , 

 50,  -6.71, , 

 10, -14.5,  7, 

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=9, GEOM=1, TYPE=3, XHIT=-3, YHIT=-20, XORG=-3, YORG=-20, ROTA=23 

TABL = (X,Y,SUPP,SECT,LENG) 

-14.43, 4.644, , , 

-44.22, 8.189, , , 

-74.14, 10.333, , , 

-104.14, 11.073, , , 

-134.13, 10.407, 8, , 

-164.06, 8.336, 8, , 

-193.85, 4.864, 8, , 

-223.46, 0, 9, , 

-238.17, -2.951, 300, , 
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*WEIG NUMB=9 

TABL = (WEIG,DISP) 

41.25, 52.88 

82.5, 105.75 

82.5, 105.75 

82.5, 105.75 

82.5, 105.75 

82.5, 105.75 

82.5, 105.75 

82.5, 105.75 

41.25, 52.88 

*BALL NUMB=9 

LIST = 7.97, 15.76, 15.76, 15.76, 15.76, 15.76, 15.76, 15.76, 7.88 

*SECT ROW=1, TYPE=1, VARE=22.5, CD=0.8, HARE=22.5 

*SECT ROW=2, TYPE=2, VANG=90, VARE=22.5, CD=0.8, HARE=22.5 

*SUPP ROW=7, TYPE=1, LENG=6 

*SUPP ROW=8, TYPE=1, ANGL=15, INCL=0, OFFS=2.33 

*SUPP ROW=9, TYPE=1, ANGL=15, INCL=0, OFFS=2.67, LENG=6 

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300, XDEP=-700, SLOP=5, DIRE=45 

*SOIL FRIC=0.6 

*CURR NUMB=3 

TABL = (DEPT,VELO,DIRE) 

0, 3.5, -90 

200, 2.8, -90 

300, 0.5, -90 

*COMM **************************************************************** 

*COMM **********************. RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM ***********************. END OF DATA *************************** 

*COMM **************************************************************** 

  The stinger is modeled structurally in the present example using the rigid, fixed curvature 

stinger model. This stinger model is hinged at the hitch, to permit free rotation about the 

horizontal principal axis of the stinger cross section. The model is fixed at the hitch with respect to 

rotations about the stinger's vertical principal axis. 

  The radius of curvature of the stinger is determined by the initial positions of its pipe supports, 

as defined by the input data. The fixed curvature stinger model is selected by specifying 

stinger-type option (3) on the STIN record. 

  The support types of the pipe supports on the forward part of the stinger are not given on the 

STIN record. These supports will be assigned OFFPIPE's default support type (type 1). The 

properties of the four pipe supports closest to the stinger tip are assigned by referencing two user 

defined support types (types 8 and 9). The properties of these supports are entered using the SUPP 

record. 

  The geometry of the stinger is defined in the present example using stinger geometry option (1). 

The positions of the pipe supports on the stinger are given by X and Y coordinates entered 

explicitly on the STIN record. The values entered have been chosen to match the pipe support 

coordinates calculated by OFFPIPE in the preceding example. 

  To simplify the input data, the X and Y coordinates of the stinger pipe supports are expressed in 

terms of a temporary, stinger-oriented, local coordinate system. The origin of this coordinate 

system has been placed at the stinger hitch. The position of the origin (The position of the origin 

of the stinger coordinate system is defined by specifying its location in the laybarge coordinate 

system.) is defined by entering its coordinates (X = -3, Y = -20) on the STIN record. 
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  For the purposes of this example, it is assumed that the coordinates of the stinger pipe supports 

have been taken from a drawing of the stinger in which the horizontal (X) axis is parallel to the 

stinger chord. To obtain a more realistic stinger position, the pipe support coordinates are rotated 

about the hitch by an angle of 23.0 degrees. 

  Note that this rotation affects only the initial position of the stinger at the beginning of 

OFFPIPE's Newton iteration. Because a structural model is being used, the final position of the 

stinger will be determined by the pipe loads acting on the stinger and the specified ballast 

schedule. 

  The ballast schedule for the stinger is entered using the BALL record. The ballast schedule used 

in the present example has been taken directly from the Stinger Ballast Schedule Output printed in 

the preceding example (The ballast schedule has been corrected for the small difference in the pipe 

weight between the present example and the preceding one.). The schedule chosen (Four estimated 

ballast schedules are given in the Stinger Ballast Schedule Output.) assumes that the ballast is 

uniformly distributed over the length of the stinger. 

  The hydrodynamic properties of the stinger elements are specified using two SECT records. 

The properties entered include the drag coefficient (Cd = 0.8) and projected area (22.5 ft2/ft) of 

the stinger cross section. Both of these quantities are required to calculate the current induced drag 

forces acting on the stinger Note that these properties are specified for both the fixed-end (type 1) 

and hinged-end (type 2) elements used to construct the stinger model. 

  The angle of free rotation (90 degrees) is also specified on the SECT record for the hinged-end 

stinger element. If this angle is not given, a default value of zero degrees (no rotation at the stinger 

hitch) will be assigned by OFFPIPE (The maximum angle of free hinge rotation, about the 

horizontal principal axis of the stinger cross section, is initially set equal to 90 degrees by 

OFFPIPE. However, when the SECT record is used, the maximum angle of free rotation must be 

specified correctly on the SECT record because an angle of zero degrees (which is equivalent to a 

blank field on the SECT record) is a permissable value for the angle of free rotation and thus must 

be accepted by OFFPIPE.). In this example, the SECT records are not used to specify the 

structural stiffnesses of the stinger elements. The default stiffnesses assigned by OFFPIPE are 

considered appropriate for the present rigid stinger model. 

  The properties of the stern shoe and the four pipe supports near the stinger tip are entered using 

three SUPP records. The properties specified for these supports include their element types, roller 

angles, side roller offsets and roller bed lengths. The specified roller angles and offsets create a 

slight “trumpet” effect and give the pipe limited freedom of movement between the side rollers of 

the supports near the stinger tip. The specified roller bed lengths reduce the calculated pipe 

stresses at the stern shoe and the stinger tip. 

  The properties of these supports are assigned by referencing their property table indices (or 

support types) on the BARG and STIN records. Note that these user specified support properties 

are stored in rows (7-9) of the support property table. Rows (1-6) of the table are reserved for the 

properties of OFFPIPE's default support types. 

  The bottom slope and water depth are specified on the GEOM record. In this example, the 

seabed has a maximum slope of +5 degrees. The maximum slope occurs at a heading of +45 

degrees from the direction of lay. The specified water depth is 300 feet. The global X coordinate 

of the point at which the water depth is measured is -700 feet. 

  The coefficient of friction between the pipeline and the seabed is specified (Cf = 0.6) on the 
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SOIL record. The SOIL record is not used, in the present example, to specify the soil stiffnesses. 

The default soil stiffnesses assigned by OFFPIPE are considered suitable for this analysis. 

  A steady current profile is specified using the CURR record. In the present example, the current 

flows in the negative global Z axis direction. The current velocity varies from a value of 3.5 

feet/sec, at the water surface, to a value of 0.5 feet/sec at the seabed. 

7.2.2 Printed Output 

  The results of the present pipelaying analysis are printed in the Static Pipe Coordinates, Forces 

and Stresses shown in Figure 7-5. Because the present problem is based on the first example, the 

results of this analysis are similar to those obtained previously. The main differences between 

these results and the preceding example are:  

1. Two separate pages are required to print the Static Pipe Coordinates, Forces and Stresses, 

because the present analysis is performed in three dimensions. The additional values printed 

for each pipe node include its Z coordinate, horizontal angle, hoop stress, horizontal bending 

moment, horizontal bending stress, horizontal support reaction, and horizontal support 

separation.  

2. The pipeline and laybarge are offset from the pipeline right-of-way. The Z coordinates and 

horizontal angles of the pipe nodes are non-zero.  

3. The laybarge heading, offset and lateral current create significant horizontal bending stresses 

and pipe support reactions at the stinger tip and touchdown point on the seabed. 

4. The 3-dimensional pipe supports and soil friction permit small lateral pipe displacements at 

the stinger tip and touchdown point.  

5. The pipe angle on the seabed, changing water depth and horizontal soil reactions confirm that 

the bottom has a non-zero slope. 

  Because of the similarities between the present problem and preceding example, the following 

discussion is limited to areas in which the present results differ from those obtained previously. 

For a more complete discussion of the present problem, refer also to Section 7.1. 

  The calculated pipe node coordinates, stresses and support reactions in the vertical plane (The 

variables in the vertical plane include the X and Y coordinates of the pipe nodes, the vertical 

bending moment and bending stress, the pipe tension and tensile stress, and the vertical pipe 

support reactions and separations.), for the present problem, are almost identical to the results 

obtained in the preceding example. The only significant differences between the two sets of results 

are found at the stinger tip, near the point of maximum stress in the sagbend, and at the touchdown 

point on the seabed. 

  At the stinger tip (node 30), the maximum pipe support reaction and corresponding maximum 

vertical bending stress in the pipeline are significantly reduced in the present example. The value 

of the maximum pipe support reaction at the stinger tip is 8.4 kips, compared to a value of 11.1 

kips in the preceding problem. The corresponding maximum vertical bending stress is 29.9 ksi, 

compared to the previous value of 34.8 ksi. 

  These differences are primarily due to the use of 3-dimensional pipe support models on the 

stinger in the present example. At the pipe support closest to the stinger tip, the pipe has been 

displaced away from the centerline of the support by a distance of 1.43 feet. Because the support 

rollers are mounted at an angle of 15 degrees, this has caused the pipe to also move upward 0.38 

feet relative to the stinger. 
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  This upward movement has increased the effective height of the support, and caused part of the 

support reaction at the stinger tip to be shifted from node 30 to node 32. This redistribution of the 

support reactions has reduced the vertical bending stress at node 30 and caused an increase in the 

stress at node 32.  

  In the sagbend, the maximum vertical bending stress is 23.5 ksi, compared to a value of 24.7 ksi 

in the preceding example. This difference is primarily due to the use of a lower pipe weight in the 

present problem. The pipe weight was slightly greater in the preceding example, because the 

concrete thickness was defined by specifying the pipe's specific gravity. The value entered 

(s.g.=1.65) was calculated by hand and slightly (0.5%) larger than the specific gravity calculated 

internally by OFFPIPE. 

  The above discrepancies are relatively small, but they demonstrate that measurable differences 

in the calculated pipe stresses and support reactions can be produced by seemingly insignificant 

differences in the input data. The laybarge heading, offset and lateral current in the present 

example also contribute to the differences between the two solutions. However, the effect of these 

forces is less important than the effects of the pipe support model and reduced pipe weight. 

  At the touchdown point on the seabed, the two solutions are slightly different (The pipe stresses 

at the touchdown point cannot be compared, for the two solutions, because they are not measured 

at the same point. The nonzero bottom slope causes the touchdown point to be shifted forward in 

the present example.) because of the non-zero bottom slope in the present example. The positive 

bottom slope causes the position of the touchdown point to be closer to the laybarge than it was in 

the previous example, and the reduced length of the sagbend causes a reduction in the vertical soil 

reactions at the touchdown point. 

  The pipe stresses in the horizontal plane are relatively small in the present example. The only 

points at which the horizontal pipe stresses contribute significantly to the total pipe stress are the 

stinger tip and the touchdown point on the seabed. 

  At the stinger tip, the maximum horizontal bending stress in the pipeline is 12.8 ksi, compared 

to a value of 29.9 ksi for the vertical bending stress. The combined horizontal and vertical bending 

stresses at the stinger tip (32.5 ksi) are only 8.8 percent greater than the vertical bending stress 

alone. The maximum horizontal pipe support reaction at the stinger tip (2.4 kips) is only 28 

percent of the vertical support reaction (8.4 kips). 

  The horizontal bending stress and support reaction at the stinger tip are substantially reduced by 

the limited freedom of movement provided by the 3-dimensional pipe support models used on the 

stinger. If the present pipe support models could be replaced by ones with no lateral freedom of 

movement, the horizontal bending stress and support reaction at the stinger tip would be increased 

to 25.8 ksi and 13.8 kips, respectively. 

  At the touchdown point, the maximum horizontal bending stress is approximately 11.4 ksi. The 

corresponding vertical bending stress is negligible, because the pipeline lying on the seabed is 

almost undeformed in the vertical plane. The horizontal soil reaction at the touchdown point is 

approximately 3.1 kips, compared to a vertical soil reaction of 5.3 kips. The large Z displacements 

indicate the first three pipe nodes on the seabed are sliding as a result of the soil friction.  

The relatively large horizontal bending stress and soil reaction, at the touchdown point, indicate 

that the present laybarge heading and offset do not represent a steady state pipelaying 

configuration. When the pipeline is being laid in a straight line, the horizontal bending stress and 

soil reaction are approximately equal to zero at the touchdown point. Thus, the present laybarge 
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configuration must be the result of a sudden displacement of the laybarge in the negative Z axis 

direction.. 

  The solution results presented in the Static Solution Summary, in Figure 7-5, are similar to those 

shown for the preceding example in Figure 7-2. The only significant differences between these 

two sets of results are the inclusion of the laybarge heading and offset from the pipeline 

right-of-way in the Laybarge Data, and the presence of the Z coordinates of the pipe nodes and 

horizontal pipe support reactions in the Solution Summary. 

7.2.3 Plots 

  The two profile plots requested for the present example are shown in Figure 7-6. In the first plot, 

the calculated total pipe stress is superimposed on the pipeline elevation profile. Except for minor 

differences in the calculation results discussed above, this plot is identical to the first plot 

produced in Example Problem 1. For a discussion of that plot, see Section 7.1.3. 

  In the second plot, the calculated horizontal bending stress in the pipeline is superimposed on 

the pipeline profile in the horizontal X-Z plane. This plot shows the out-of-plane part of the 

calculated solution, and can be thought of as the 3-dimensional analog of the first plot. 

  The second plot clearly shows the influence of the laybarge heading and lateral displacement on 

the horizontal bending stresses in the pipeline. It can be seen that the laybarge has turned in the 

wrong direction to reduce the pipe stresses, and that both the barge displacement and heading are 

contributing to these stresses. 
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Figure 7-5, The printed output for Example Problem 2. 
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Figure 7-6a, The plots produced in Example Problem 2. 
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Figure 7-6b, The plots produced in Example Problem 2. 
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7.3 Example Problem 3 

  In the third example, a static, two dimensional analysis is performed for a conventional 

pipelaying problem in which an articulated stinger is used. This example demonstrates the use of a 

structural stinger model in which placement of the stinger hinges is explicitly defined by the user. 

It also shows how a tangent point and radius of curvature can be used to define the positions of 

pipe supports on the laybarge and stinger. 

  Like the previous example, this problem is based on Example Problem 1. It begins with the 

same pipe properties, pipe tension, water depth, and general laybarge and stinger configurations. 

This problem is typical of the more detailed pipelaying analyses that would normally follow the 

preliminary analysis performed in the first example. The features of OFFPIPE demonstrated in 

this problem are listed in Table 7-4. 

7.3.1 Input Data 

  The input data for the third example problem is described in this section. Because of many 

similarities between the present problem and the first example, the following discussion is limited 

to areas in which this example differs from the previous one. For a more complete discussion of 

the input data, refer also to Section 7.1. 

The differences between the present input data file and the input file for the first example are 

discussed below, in the order in which the differences appear in the file. The input data file for the 

present example is listed in Figure 7-7 and echoed in the Input Data Echo, shown in Figure 7-8. 

Table 7-4, OFFPIPE Features Demonstrated in Example Problem 3. 

□ Advanced, 2-dimensional pipelaying analysis. 

□ Barge geometry defined using option 2: tangent point coordinates and radius of curvature. 

□ Stinger geometry defined using option 3: tangent point coordinates and radius of curvature. 

□ Stinger type given by option 6: articulated stinger with multiple hinged segments. 

□ Stinger represented by structural model with 3 elements and 2 supports per section. 

□ Stinger element weights, displacements, ballast schedule and element types specified. 

□ Stinger hinge bumper angles given. 

□ Pipe and coating properties change in sagbend. 

□ Non-zero bottom slope. 

  In this example, two sets of PIPE and COAT records are used to specify the physical properties 

of the pipeline. The first pair of PIPE and COAT records is used to define the properties of the first 

900 feet of pipe. This section of the pipeline begins at the line-up station on the laybarge and 

extends to a point in the sagbend approximately 480 feet from the stinger tip. The second pair of 

PIPE and COAT records is used to define the properties of the remaining part of the pipeline 

which extends from the middle of the sagbend to the point of apparent fixity on the seabed. 

  The two sets of pipe and coating properties are required to model a change in the wall thickness 

of the steel pipe. In the first section of pipe, the wall thickness has been increased from 0.5 inches 

(used in the preceding examples) to 0.562 inches to simulate the on-bottom part of a riser being 

laid adjacent to a platform. The concrete thickness for this section has been decreased from 2.0 

inches to 1.8 inches to maintain a constant specific gravity. 

  The elevations of the pipe supports and tensioners on the laybarge are defined, in the present 

example, using laybarge geometry option (2). Aft of the tangent point, the pipe support elevations 
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are given by a constant radius of curvature, and the coordinates and angle of the pipeline at the 

tangent point. Forward of the tangent point, the elevations of the pipe supports and tensioners are 

defined by a straight pipe ramp. 

  The X coordinates of the pipe supports, the pipe radius, and the X and Y coordinates and angle 

of the tangent point are specified explicitly on the BARG record. The values entered have been 

chosen to match the pipe support geometry used in the preceding examples. The tangent point is 

positioned 167.88 feet from of the stern of the laybarge. The pipe forward of the tangent point is 

parallel to the deck of the laybarge and elevated 3.0 feet above the deck. 

  The support types of the pipe supports and tensioners on the laybarge are given explicitly on the 

BARG record. The support types have been entered to illustrate the way in which the support 

properties are assigned by the user. The support types specified (type 1) are simply the values that 

would have been assigned by OFFPIPE, if the support types had not been given. 

  The stinger is modeled structurally, in the present example, using the articulated stinger model. 

The articulated stinger model is selected by specifying stinger-type option (6) on the STIN record. 

  The stinger model used consists of four straight sections which are connected by hinges. Each 

stinger section is composed of three elements. The first and last elements of each section are 15 

feet in length. The second (center) element is 30 feet in length. A conventional (type 1) pipe 

support is placed at each of the two interior nodes in each section. 

  The hinge at the forward end of each stinger section permits free rotation about the horizontal 

principal axis of the stinger cross section. Each section is fixed at its forward end with respect to 

rotations about the stinger's vertical principal axis.  

Figure 7-7, The input data file for Example Problem 3. 

*COMM **************************************************************** 

*COMM *********************. EXAMPLE PROBLEM - 3 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A 2-D PIPELAY ANALYSIS WITH AN ARTICULATED 

*COMM  STINGER AND A CHANGE IN PIPE PROPERTIES.  IT DEMONSTRATES THE 

*COMM  FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY DEFINED BY TANGENT POINT AND RADIUS OF CURVATURE 

*COMM 

*COMM   - STINGER MODELED USING ARTICULATED, STRUCTURAL MODEL CONSISTING 

*COMM     OF 3 ELEMENTS AND 2 SUPPORTS PER SECTION (DEFAULT STINGER AND 

*COMM     PIPE SUPPORT ELEMENT TYPES ARE GIVEN EXPLICITLY FOR CLARITY) 

*COMM 

*COMM   - STINGER GEOMETRY DEFINED BY ELEMENT LENGTHS, TANGENT POINT AND 

*COMM     RADIUS OF CURVATURE 

*COMM 

*COMM   - STINGER ELEMENT WEIGHTS, DISPLACEMENTS AND BALLAST SCHEDULE 

*COMM     SPECIFIED 

*COMM 

*COMM   - STINGER HINGE BUMPER ANGLES SPECIFIED 

*COMM 

*COMM   - STINGER STATIC POSITION AND CURVATURE CALCULATED BY OFFPIPE 

*COMM 

*COMM   - PIPE AND COATING PROPERTIES CHANGE 900 FT FROM LINEUP STATION 

*COMM 

*COMM   - 2-D SLOPING SEABED MODEL USED 

*COMM 

*COMM   - ALTERNATE SAGBEND SPAN LENGTH ESTIMATE PROVIDED BY USER (NOT 

*COMM     REQUIRED, JUST GIVEN TO ILLUSTRATE USE OF FEATURE) 

*COMM 

*COMM **************************************************************** 

*COMM *******************. PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD                                                                            
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HEAD='EXAMPLE 3: 2-D PIPELAY, ARTICULATED STINGER, 2 PIPE SIZES, BOTTOM SLOPE',  

JOB='USERS MANUAL EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1                    

*COMM **************************************************************** 

*COMM **********************. PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1,                                                     

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS',                         

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE',      

ORDI=2, ABSC=1                                                                   

*PROF ROW=2, NUMB=1, TYPE=1,                                                     

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS',                         

ORDL='TOTAL VON MISES PIPE STRESS', ABSL='PIPE HORIZONTAL X COORDINATE',         

ORDI=14, ABSC=1                                                                  

*PROF ROW=3, NUMB=2, TYPE=1,                                                     

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION',                        

ORDL='VERTICAL BENDING MOMENT', ABSL='PIPE HORIZONTAL X COORDINATE', ORDI=10,    

ABSC=1                                                                           

*PROF ROW=4, NUMB=2, TYPE=1,                                                     

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION',                        

ORDL='VERTICAL PIPE SUPPORT REACTION', ABSL='PIPE HORIZONTAL X COORDINATE',      

ORDI=7, ABSC=1                                                                   

*PLTR TYPE=3, RANG=2                                                             

*COMM **************************************************************** 

*COMM **********************. PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100                                                                   

*COMM **************************************************************** 

*COMM ******************. PIPE AND COATING DATA ********************** 

*COMM **************************************************************** 

*PIPE ROW=1, LENG=900, DIAM=16, WALL=0.562, YIEL=52                              

*COAT ROW=1, TCOR=0.09375, TCON=1.8, DCOR=120, DCON=190, LENG=40, FJNT=3,        

DJNT=120                                                                         

*PIPE ROW=2, DIAM=16, WALL=0.5, YIEL=52                                          

*COAT ROW=2, TCOR=0.09375, TCON=2, DCOR=120, DCON=190, LENG=40, FJNT=3,          

DJNT=120                                                                         

*COMM **************************************************************** 

*COMM ***********************. BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=2, RADI=720, XTAN=167.78, YTAN=3, ANGL=0, DECK=16, TRIM=0.6,  

XROT=200, YROT=-16                                                               

TABL = (X,Y,SUPP,DAVI)                                                           

290, , 1,                                                                        

250, , 2,                                                                        

210, , 2,                                                                        

170, , 1,                                                                        

130, , 1,                                                                        

 90, , 1,                                                                         

 50, , 1,                                                                         

 10, , 1,                                                                         

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=12, GEOM=3, TYPE=6, RADI=640, XHIT=-3, YHIT=-20, XTAN=0.0,            

YTAN=-16.821, ANGL=13.475                                                        

TABL = (X,Y,SUPP,SECT,LENG)                                                      

, ,   1, 2, 15                                                                     

, ,   1, 1, 30                                                                     

, , 300, 1, 15                                                                   

, ,   1, 2, 15                                                                     

, ,   1, 1, 30                                                                     

, , 300, 1, 15                                                                   

, ,   1, 2, 15                                                                     

, ,   1, 1, 30                                                                     

, , 300, 1, 15                                                                   

, ,   1, 2, 15                                                                     

, ,   1, 1, 30                                                                     

, , 300, 1, 15                                                                   

*SECT ROW=2, TYPE=2, VANG=7                                                      

*WEIG NUMB=12                                                                    
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TABL = (WEIG,DISP)                                                               

41.25,  52.88                                                                     

82.5,  105.75                                                                     

41.25,  52.88                                                                     

41.25,  52.88                                                                     

82.5,  105.75                                                                     

41.25,  52.88                                                                     

41.25,  52.88                                                                     

82.5,  105.75                                                                     

41.25,  52.88                                                                     

41.25,  52.88                                                                     

82.5,  105.75                                                                     

41.25,  52.88                                                                     

*BALL NUMB=12                                                                    

LIST = 12.74, 18.42, 8.38, 8.38, 16.68, 8.15, 8.15, 16.86, 6.65, 6.65, 13.16,    

8.94                                                                             

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, SPAN=800, BOTT=300, DEPT=300, XDEP=-800, SLOP=-8                                      

*COMM **************************************************************** 

*COMM **********************. RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN                                                                             

*END                                                                             

*COMM **************************************************************** 

*COMM ***********************. END OF DATA *************************** 

*COMM **************************************************************** 

  Note that three new nodes and elements have been added to the stinger model used in the 

preceding examples to accommodate the hinges between sections. These nodes have been inserted 

into the model by replacing the three 30 foot elements whose positions coincided with the hinges 

with pairs of 15 foot elements. The stinger hinge nodes are added without generating a matching 

pipe node or support element by specifying a support type of 300 on the STIN record. 

  The weights, displacements and ballast contents of the stinger elements have been adjusted to 

accommodate the revised element lengths. The revised stinger element weights, displacements and 

ballast schedule are entered using the WEIG and BALL records. 

  The support types of the pipe supports on the stinger are given explicitly on the STIN record. As 

on the barge, the support types have been entered just to illustrate the way in which the support 

properties can be assigned by the user. The support types specified (type 1) are the same as the 

values that would have been assigned by OFFPIPE, if their values had not been given in the input. 

  The geometry of the stinger is specified in the present example using stinger geometry option 

(3). The position of the stinger model is defined by a radius of curvature and tangent point. The 

stinger radius and the X and Y coordinates and angle of the tangent point are given explicitly on 

the STIN record. 

  The radius of curvature for the pipe on the stinger is 640 feet. The stinger tangent point is 

positioned at the stern of the laybarge. The pipe elevation at the tangent point is 16.82 feet below 

the barge deck. The angle of the pipe relative to the deck, at the tangent point, is 13.48 degrees. 

The stinger length and the positions of the pipe supports and hinges on the stinger are defined by a 

series of the element lengths entered on the STIN record. 

  The pipe radius, tangent point coordinates and angle, and stinger element lengths have been 

chosen to match the stinger geometry used in the two preceding examples. Note, however, that 

these values only affect the initial position of the stinger at the beginning of OFFPIPE's Newton 

iteration. Because an articulated stinger model is being used, the final stinger geometry will be 

determined by the pipe loads acting on the stinger and the specified ballast schedule (Because the 
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stinger is articulated, and because the ballast schedule provided by OFFPIPE for an articulated 

stinger is only approximate, the final equilibrium position of the stinger does not agree exactly 

with that obtained in the previous examples.). 

  Note that the element types of the stinger elements are given explicitly on the STIN record. The 

element types have been entered to illustrate the manner in which the element properties can be 

assigned by the user. The element types specified (If the stinger element types are not specified for 

an articulated stinger, OFFPIPE assumes that the stinger consists of a series of hinged sections 

each of which is composed of one type 2 (hinged-end) element followed by two type I (fixed-end) 

elements.) are simply the default values that would have been assigned by OFFPIPE, if the stinger 

element types had not been given. 

  The SECT record has been used, in the present example, to specify the maximum angle of free 

rotation for the hinged-end (type 2) element used at the forward end of each stinger section. This 

angle defines the minimum radius of curvature for an articulated stinger. If the angle between two 

adjacent stinger sections exceeds this value, bumpers are engaged which will prevent further 

rotation of the stinger hinge. The value given (7 degrees) corresponds to a minimum stinger radius 

of approximately 492 feet. 

  The stinger ballast schedule has been specified using the BALL record. The ballast schedule 

entered was obtained by running the present example problem using a fixed geometry (type 5) 

stinger model, and printing the Stinger Ballast Schedule Output table illustrated in Example 

Problem 1. The ballast schedule used is the approximate schedule given in the table for an 

articulated stinger. 

  The bottom slope and water depth are specified on the GEOM record. The seabed has a slope of 

-8 degrees. Because the present example problem is 2-dimensional, the slope is measured in the 

direction of lay. The pipeline is being laid “downhill”. The specified water depth is 300 feet. The 

point at which the water depth is measured is 800 feet aft of the barge transom. 

7.3.2 Printed Output 

  The results of the present pipelaying analysis are printed in the Static Pipe Coordinates, Forces 

and Stresses shown in Figure 7-8. Because the present problem is based on Example Problem 1, 

the results of this analysis are similar to those obtained previously. The differences between the 

two sets of results are small, and mainly due to the bottom slope and articulated stinger model 

used in the present example. 

  Because of the similarities between the present problem and the first example, the following 

discussion is limited to areas in which the present results differ from those obtained previously. 

For a more complete discussion of the present problem refer also to Section 7.1. 

  The use of an articulated stinger model and an approximate stinger ballast schedule results in a 

slightly different stinger configuration in the present example. The depth of the pipeline, at the last 

pipe support on the stinger, is 94.0 feet in the present analysis. In Example Problem 1, the 

corresponding depth was 96.6 feet. 

  This slightly different stinger configuration results in differences between the calculated pipe 

stresses and pipe support reactions on the stinger in these two problems. In the present example, 

the maximum pipe bending stress at the stinger tip (node 33) is 35.9 ksi, compared to a value of 

34.8 ksi (node 30) in Example Problem 1. The corresponding maximum vertical pipe support 

reaction at the stinger tip is 12.7 kips, compared to a value of 11.1 kips in the first example. 
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  Larger differences between the calculated pipe stresses and support reactions occur at the stern 

shoe and the first pipe support on the stinger. In the present analysis, the maximum pipe bending 

stress at the stern shoe is 25.3 ksi, compared to a value 31.0 ksi in the first example. The 

corresponding pipe support reaction at the stern shoe is 7.6 kips, compared to 9.8 kips in the first 

example. 

  The maximum bending stress at the first pipe support on the stinger is 26.5 ksi, compared to a 

value 31.8 ksi in the first example. The corresponding support reaction at the first pipe support is 

4.9 kips, compared to a value of 7.1 kips in the first example. 

  In the sagbend and at the touchdown point on the seabed, the calculated pipe stresses and 

support reactions are almost identical. The bottom slope used in the present example seems to 

have little effect on the solution results. In the present analysis, the maximum pipe bending stress 

in the sagbend (node 51) is 24.8 ksi, compared to a value of 24.7 ksi (node 45) in the first example. 

The combined soil reactions (The touchdown points cannot occur at the same point in the two 

examples, because of the bottom slope used in the present example. However, the soil reactions at 

the two nodes bracketing the touchdown point can be combined and compared to each other. 

When the combined soil reactions are calculated, they are found to be almost identical.) at the 

touchdown point are exactly the same (7.0 kips) in both cases. 

  The change in pipe wall thickness at node 47 also appears to have little effect on the calculated 

solution in the sagbend. Its only apparent impact is a discontinuity in the calculated pipe stresses 

which can be seen in the first plot shown in Figure 7-9. Its effect is minimized because the change 

in the pipe's weight and bending stiffness is relatively small. Note that OFFPIPE has inserted an 

extra pipe node at node 47, and reduced the lengths of the pipe elements on either side of the node, 

so the change in wall thickness can occur exactly 900 feet from the first station on the laybarge. 

  The solution results presented in the Static Solution Summary, shown in Figure 7-8, are 

essentially the same as those shown in Figure 7-2 for Example Problem 1. For a discussion of the 

Static Solution Summary, see Section 7.1. 

7.3.3 Plots 

  The two profile plots requested in the present example are shown in Figure 7-9. Except for 

minor differences in the calculation results discussed above, these plots are identical to the plots 

produced by OFFPIPE in Example Problem 1. For a discussion of those plots, see Section 7.1.3. 
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Figure 7-8, The printed output for Example Problem 3. 
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Figure 7-9a, The plots produced in Example Problem 3. 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (7-58) 

 

Figure 7-9b, The plots produced in Example Problem 3. 
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7.4 Example Problem 4 

  In the fourth example, a static two dimensional analysis is performed for an abandonment 

problem (Although the procedures used in the field for pipeline abandonment and recovery 

operations may differ, the methods used to analyze the two problems are the same.) in which a 

cable is used to lower the free end of the pipeline to the seabed. 

  An abandonment operation is modeled by performing a series of static analyses which simulate 

the process of lowering the pipeline to the seabed. In the first analysis, the pipeline is assumed to 

extend from the first station on the laybarge to the point of apparent fixity on the seabed, as in a 

conventional pipelaying problem. In subsequent analyses, a length of cable is inserted between the 

first station on the laybarge and the free end of the pipeline. The pipeline is then lowered to the 

seabed by gradually increasing the length of this cable in each of the following analyses. 

  The input data for the present example covers the complete abandonment process described 

above. The changes in cable length are a little more widely spaced than usual, to minimize the size 

of the input data file. Because of the volume of printed output produced, the analysis results 

presented in Section 7.4.2 represent just one intermediate step in the process of lowering the 

pipeline to the seabed. In this step, the cable extends from the first station on the laybarge to a 

point near the center of the sagbend. 

  Like the preceding examples, the present problem is based on Example Problem 1. The pipe 

properties, pipe tension, water depth, and laybarge and stinger configurations are the same as those 

used in the first example. A rigid, fixed curvature stinger is used, in the present example, so the 

upward movement of the stinger can be modeled as the pipeline approaches the seabed and the 

pipe loads on the stinger are reduced. The features of OFFPIPE demonstrated in this example are 

listed in Table 7-5. 

7.4.1 Input Data 

  The input data for the fourth example problem is described in this section. Because of the many 

similarities between the present problem and the first example, the following discussion is limited 

to areas in which this example differs from the previous one. For a more complete discussion of 

the input data, refer also to Section 7.1. 

  The differences between the present input data file and the first example are discussed below, in 

the order in which the differences appear in the file. The input data file for the present example is 

listed in Figure 7-10 and echoed in the Input Data Echo, shown in Figure 7-11. 

  The first entry in the pipe/cable property table is used to define the properties of the laydown 

cable. The cable properties are specified using the CABL record. The only properties given for the 

cable are its length and diameter. The cable length is 900 feet (When input the data values vary 

from one case to the next, the values referenced in this discussion will be those used in the single 

case (5) which has been included in the printed output shown in Figure 7-11.), which places the 

free end of the pipeline near the midpoint of the sagbend. The cable diameter is 2.0 inches. The 

values of the cable's stiffnesses and weights are not given in the input. These values will be 

assigned or calculated internally by OFFPIPE. 

Table 7-5, OFFPIPE Features Demonstrated in Example Problem 4. 

□ 2-dimensional abandonment or recovery analysis. 

□ Barge geometry is defined using option 4: radius of curvature and coordinates of tangent point 
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or stern shoe. 

□ Stinger geometry is defined using option 4: radius of curvature and match point. 

□ Stinger type is given by option 3: rigid, fixed curvature structural stinger model. 

□ Stinger weight, displacement and ballast schedule are replaced by net buoyancy. 

□ Stinger model is rotated upward and fixed at water surface when pipe loads become sufficiently 

small. 

□ First part of pipe string is replaced by cable elements. 

□ Cable length is increased in steps to lower pipeline to seabed. 

□ Multiple input data cases are used to model abandonment process as a series of discrete steps in 

a single execution. 

□ Pipe is initially paid out at constant tension, then lowered to seabed by increasing cable length 

with barge stationary. 

□ Barge is held stationary using OFFPIPE's fixed span length analysis option. 

□ Concentrated external force is used to model pull head. 

  The second entry in the pipe/cable property table is used to define the properties of the pipeline. 

Except for the property table row index, the pipe properties used for the present problem are the 

same as those used in Example Problem 1. The pipe property table index is set equal to two (2) on 

the PIPE record to insure that the pipeline follows the cable in the pipe/cable string. 

  The elevations of pipe supports and tensioners on the laybarge are defined, in the present 

example, using laybarge geometry option (4). The positions of the pipe supports and tensioners are 

given by a radius of curvature, the X and Y coordinates of the stern shoe, and the X and Y 

coordinates and angle of the forward-most point on the laybarge at which the tangent point can 

occur. 

  When this laybarge geometry option is selected, OFFPIPE first tries to calculate the elevations 

of the pipe supports using the given pipe radius and the coordinates of the stern shoe (as in option 

3). If the resulting X coordinate of the tangent point is aft of the forward-most point on the barge 

at which the pipe elevation can be adjusted, OFFPIPE will proceed to calculate the support 

elevations using this option. If the resulting position of the tangent point is forward of the point at 

which the support elevations become fixed, then OFFPIPE will place the tangent point at the point 

where the support elevations first become fixed, and calculate the support elevations using this 

tangent point and the given pipe radius (as in option 2). 

  The pipe radius and the coordinates of the stern shoe and tangent point are entered on the 

BARG record. The values entered have been chosen to match (The positions of the pipe supports 

are approximately the same after the laybarge trim angle is applied.) the pipe support elevations 

calculated by OFFPIPE in the preceding examples. 

  The stinger is modeled structurally in the present example using the rigid, fixed curvature 

stinger model. This stinger model is identical to the one used in Example Problem 2, except that 

the pipe supports are only modeled in 2-dimensions in the present example. The fixed curvature 

stinger model is selected by specifying stinger-type option (3) on the STIN record.  

Figure 7-10, The input data file for Example Problem 4. 

*COMM **************************************************************** 

*COMM *********************. EXAMPLE PROBLEM - 4 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A 2-D PIPELAY ABANDONMENT OR RECOVERY ANALYSIS 

*COMM  USING A LAYDOWN CABLE.  IT DEMONSTRATES THE FOLLOWING: 

*COMM 
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*COMM   - FIRST PART OF PIPE/CABLE STRING IS USED TO MODEL LAYDOWN CABLE 

*COMM 

*COMM   - CABLE LENGTH IS INCREASED IN INCREMENTS OF 200 FT. AT CONSTANT 

*COMM     TENSION UNTIL PIPE CAN SAFELY BE LOWERED TO SEABED 

*COMM 

*COMM   - PIPE IS THEN LOWERED TO SEABED WITH BARGE POSITION HELD FIXED 

*COMM     BY INCREASING CABLE LENGTH IN 10 FT. INCREMENTS 

*COMM 

*COMM   - BARGE POSITION IS HELD FIXED RELATIVE TO PIPE ON SEABED USING 

*COMM     "FIXED SPAN LENGTH" ANALYSIS OPTION 

*COMM 

*COMM   - BARGE GEOMETRY DEFINED BY RADIUS OF CURVATURE AND FIXED HEIGHT OF 

*COMM     STERN SHOE OR TANGENT POINT, WHICHEVER RESULTS IN TANGENT POINT 

*COMM     PLACEMENT CLOSEST TO STERN OF BARGE 

*COMM 

*COMM   - STINGER GEOMETRY DEFINED BY ELEMENT LENGTHS, MATCH POINT AND 

*COMM     RADIUS OF CURVATURE 

*COMM 

*COMM   - STINGER MODELED INITIALLY AS STIFF TRUSS STRUCTURE HINGED AT 

*COMM     BARGE STERN 

*COMM 

*COMM   - STINGER ROTATED UPWARD ABOUT HITCH AND MODELED AS FIXED GEOMETRY 

*COMM     STINGER AFTER IT REACHES WATER SURFACE DUE TO REDUCED PIPE LOAD 

*COMM 

*COMM   - STINGER FLOTATION MODELED BY SPECIFYING NET BUOYANCY OF TIP 

*COMM     SECTION (INDIVIDUAL STINGER ELEMENT WEIGHTS, DISPLACEMENTS AND 

*COMM     BALLAST CONTENTS ARE IGNORED) 

*COMM 

*COMM   - CONSTANT PIPE ELEMENT LENGTH USED IN SAGBEND, OFFPIPE AUTOMATIC- 

*COMM     ALLY ADJUSTS ELEMENT LENGTHS AS REQUIRED FOR PULL HEAD 

*COMM 

*COMM   - CONCENTRATED FORCE APPLIED AT END OF PIPE STRING TO MODEL 

*COMM     PULL HEAD AND VALVE ASSEMBLY (PIG LAUNCHER OR RECEIVER) 

*COMM 

*COMM   - OVERLAY PLOTS OF PIPE PROFILE AND TOTAL STRESS SHOW COMPLETE 

*COMM     ABANDONMENT SEQUENCE 

*COMM 

*COMM **************************************************************** 

*COMM *******************. PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 4: 2-D ABANDONMENT SERIES, CABLE, STINGER BUOYANCY, CONC. FORCE', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1 

*COMM **************************************************************** 

*COMM **********************. PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1, TITL='PIPELINE ELEVATION PROFILE', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1, AMIN=-1200 

*PROF ROW=2, NUMB=2, TYPE=1, TITL='PIPELINE TOTAL PIPE STRESS', 

ORDL='TOTAL VON MISES PIPE STRESS', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1, AMIN=-1200 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM **********************. PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=100, DIAM=2 

*PIPE ROW=2, DIAM=16, WALL=0.5, YIEL=52 

*COAT ROW=2, TCOR=0.09375, TCON=2, DCOR=120, DCON=190, LENG=40, FJNT=3, 

DJNT=120 

*COMM **************************************************************** 

*COMM ***********************. BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=4, RADI=720, XTAN=205, YTAN=3, ANGL=0, DECK=16, TRIM=0.6, 

XSTE=10, YSTE=-14.5, XROT=200, YROT=-16 
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TABL = (X,Y,SUPP,DAVI) 

290, , 2, 

250, , , 

210, , , 

170, , , 

130, , , 

90, , , 

50, , , 

10, , , 

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=9, GEOM=4, TYPE=3, RADI=640, XHIT=-3, YHIT=-20, XTAN=0 

TABL = (X,Y,SUPP,SECT,LENG) 

, , , , 15 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , 300, , 15 

*BUOY NUMB=1, BEGI=9 

LIST = 32.87 

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

7, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #1 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=300, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

18, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #2 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=500, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

30, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #3 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 
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*COMM **************************************************************** 

*CABL ROW=1, LENG=700, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

39, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #4 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=900, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

44, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #5 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*PIPE ROW=2, LENG=820.21, DIAM=16, WALL=0.5, YIEL=52 

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300, XBOT=-1371.23, FIX=1 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #6 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=910, DIAM=2 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #7 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=9, GEOM=4, TYPE=1, RADI=640, XHIT=-3, YHIT=-20, ROTA=-23, XTAN=0 

TABL = (X,Y,SUPP,SECT,LENG) 

, , , , 15 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , , , 30 

, , 300, , 15 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=920, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 
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45, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #8 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=930, DIAM=2 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #9 *************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=940, DIAM=2 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #10 ************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=950, DIAM=2 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #11 ************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*CABL ROW=1, LENG=960, DIAM=2 

*COMM **************************************************************** 

*COMM ***************. CONCENTRATED EXTERNAL FORCES ****************** 

*COMM **************************************************************** 

*FORC NUM=1 

TABL = (NODE,DIRE,FORC) 

46, 2, -2.0 

*COMM **************************************************************** 

*COMM ***********************. RUN CASE #12 ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM *********************. END OF INPUT DATA *********************** 

*COMM **************************************************************** 

  The shape and position of the stinger are defined using stinger geometry option (4). The 

positions of pipe supports on the stinger are given by a radius of curvature and match point, and a 

series of stinger element lengths which define the spacing between supports. The pipe radius, 

match point location and element lengths are entered on the STIN record. The elevation of the 

pipe at the match point is calculated internally by OFFPIPE. The stinger data have been chosen to 

reproduce the pipe support geometry used in the preceding examples. 

  In the present example, the net buoyancy of the stinger has been entered in place of the element 

weights, displacements and ballast schedule used in the preceding examples. The net buoyancy is 

given because (if one chooses to do so) its value can easily be adjusted as the pipeline leaves the 

stinger and the pipe loads on the stinger decrease. The net buoyancy is specified using the BUOY 

record. 

  Because the stinger is modeled as a rigid truss structure, its net buoyancy is specified only for 

the single stinger element closest to the stinger tip. The value entered was calculated by dividing 

the total reaction moment, given in the Stinger Ballast Schedule Output printed in Example 
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Problem 1, by the distance to the hitch (moment arm length) for the last stinger element. 

  A concentrated, external nodal force has been placed at node (44) using the FORC record. This 

force has a value of 2.0 kips and acts in the negative global Y axis direction (downward). The 

concentrated force is used, in the present example, to represent the added weight of the pulling 

head and possible pig launcher or receiver mounted at the free end of the pipeline. 

  The complete abandonment process is modeled by increasing the length of the laydown cable in 

a series of steps. Each step represents a separate input data case and ends with a single RUN 

record. The node at which the concentrated force is applied is also changed in each step to 

maintain its position at the free end of the pipeline. 

  In the first five steps (cases), the pipeline is abandoned by moving the laybarge forward while 

maintaining a constant pipe/cable tension on the barge. The cable length is increased in increments 

of 200 ft. until the free end of the pipeline is approximately 480 feet from the stinger tip. Then in 

case (6), the problem is changed from constant tension mode to fixed span length mode, so the 

pipeline can be lowered to the seabed by continuing to increase the cable length while laybarge is 

maintained in a fixed position. 

  The problem is changed to fixed span length mode by selecting the fixed span length analysis 

option and specifying the global X coordinate of the point at which the pipe model terminates on 

the seabed on the GEOM record. The length of the pipe string from the pull head to the 

termination point is also required for a fixed span length analysis. Its value is entered using the 

PIPE record. 

  Note that the pipe and cable lengths specified in case (6) are simply the values required to 

reproduce the results of case (5). This seemingly redundant additional step has been taken to 

ensure that the pipe string length given on the PIPE record and the X coordinate of the pipeline 

termination point given on the GEOM record have been specified correctly. It is strongly 

recommended that these values be checked whenever an abandonment or recovery analysis is 

performed using the fixed span length analysis option. 

  The values given in case (6) for the length of the remaining pipe string (820 ft.) and the X 

coordinate of the pipeline termination point (-1371 ft.) are simply the pipe length and X coordinate 

calculated by OFFPIPE for the last pipe node (65) shown in the printed output for case (5). The 

printed output for Example Problem 4 is given in Figure 7-11. 

  After the problem has been changed to fixed span length mode in case (6), the pipeline is 

lowered the remaining distance to the seabed by increasing the cable length in 10 ft. increments 

while holding the pipe length and the X coordinate of the end of the pipe string constant. A total of 

six additional steps are required before the pipeline comes to rest on the sea floor. Note that the 

pipeline drops much faster once the barge position has been fixed. 

  Note also that in case (8), the stinger model is rotated upward about the hitch by an angle of -23 

degrees, and its position is then fixed by specifying a fixed geometry (type 1) stinger model on the 

STIN record. The position of the stinger model must be fixed at this elevation, because otherwise 

it would rise too high as a result of the reduced pipe/cable loads on the stinger. Because it only 

uses a simplified stinger model, in most cases OFFPIPE cannot accurately calculate the position of 

the stinger when it floating on the water surface. 

7.4.2 Printed Output 

  The results of the present pipelaying analysis are printed in the Static Pipe Coordinates, Forces 
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and Stresses shown in Figure 7-11. Because of the size of the printed output file for this example, 

the results are shown only for case (5) which represents the point in the abandonment at which the 

barge position becomes stationary, and the pipeline is lowered the remaining distance to the 

seabed by simply increasing the cable length. 

  Because the present problem is based on Example Problem 1, many of the analysis results 

shown in Figure 7-11 are similar to those obtained previously. The following discussion is limited 

to areas in which the present results differ from the those of the first example. For a more 

complete discussion of the present problem, refer also to Section 7.1. The main differences 

between these results and the earlier ones are:  

1. The section of the pipeline on the laybarge and stinger and in the first part of the sagbend 

is replaced by the laydown cable.  

2. The stinger tip is much closer to the water surface because of the 

   reduced pipe/cable loads.  

3. The length of the unsupported pipe and cable span in the sagbend is increase  .  

4. The maximum pipe stress in the sagbend is decreased. 

  It can readily be seen in the Static Pipe Coordinates, Forces and Stresses that the pipe elements 

on the laybarge and stinger, and in the first part of the sagbend, have been replaced by cable 

elements. The cable nodes can easily be identified in the output, because the stresses are not 

calculated for cable nodes. 

  In the present example, the laydown cable conforms very closely to the pipe supports on the 

laybarge and stinger, except near the stinger hitch. Because of the elevated stinger position, the 

cable spans (does not touch) the pipe supports immediately forward and aft of the hitch. The cable 

is approximately 6.4 feet above the stern shoe on the laybarge and 6.2 feet above the first pipe 

support on the stinger. 

  The stinger tip is also much closer to the water surface than it was in previous examples 

because of the reduced pipe/cable loads on the stinger. The depth of the pipe at the stinger tip 

(node 32) is only 26.3 feet in the present example, compared to a depth of 96.6 feet in Example 

Problem 1. 

  The maximum pipe support reaction on the stinger (22.7 kips) takes place at the pipe support 

closest to the stinger tip. The large support reaction at this point is due to the abrupt change in 

cable angle (roughly 12.8 degrees) which occurs at the end of the stinger. 

  The point at which the pipeline and laydown cable are joined (the pull head) is given by node 

44 in the sagbend. Nodes numbered less than 44 in the printed output represent the laydown cable. 

Nodes numbered 44 or greater represent the pipeline. The pull head is positioned approximately 

900 feet from the first station on the laybarge and 480 feet from the stinger tip. 

  The maximum bending stress in the sagbend occurs at node 52. The value of the maximum 

bending stress is 19.3 ksi. The corresponding maximum combined pipe stress at node 52 is 22.6 

ksi, or 43.4 percent of the SMYS for the pipe steel. 

  The maximum combined stress in the sagbend is somewhat less than the value calculated in 

Example Problem I (27.5 ksi), because of the reduced pipe length and increased horizontal pipe 

tension in the sagbend. The horizontal tension in the present example is 88.4 kips, compared to a 

value of 67.3 kips in the first example. The pipe tension is higher in the present example because 

the laydown cable weighs less than the pipeline, and thus more of the tension provided on the 

laybarge is expressed at the sea floor. 
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  The pipeline touches down on the seabed between nodes 56 and 57. The touchdown point is 

approximately 1400 feet (pipe length) from the first station on the laybarge. The projected length 

of the sagbend in the global X coordinate direction is 799 feet. This length is approximately 29 

percent greater than the span length of 593 feet calculated in Example Problem 1. 

  Except for the above mentioned differences in the calculated values of the pipe node 

coordinates, internal forces and stresses, the solution results presented in the Static Solution 

Summary, shown in Figure 7II, are essentially the same as those shown in Figure 7-2. For a 

discussion of the Static Solution Summary, see Section 7.1. 

7.4.3 Plots 

  The two profile plots requested in the present example are shown in Figure 7-12. These plots 

are similar to ones produced by OFFPIPE in previous example problems. Note, however, that the 

pipe/cable elevation profiles and pipe stress profiles are plotted separately in the present example. 

These plots must be generated separately because the number of images created when the length 

of the laydown cable is varied would otherwise render the plots unreadable. 

  Although the two different profiles are plotted separately, the individual plots of each type 

created by varying the length of the laydown cable are still superimposed in Figure 7-12. The plots 

are superimposed because it allows each plot to, in effect, display a complete history of the 

abandonment process. The superimposed elevation profiles clearly show how the positions of the 

pipeline and cable change as the pipe is lowered to the seabed. The accompanying stress profiles 

show how the pipe stresses first increase and then decrease as the pipeline leaves the stinger and 

approaches the seabed. 
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Figure 7-11, The printed output for Example Problem 4. 
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Figure 7-12a, The plots produced in Example Problem 4. 
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Figure 7-12b, The plots produced in Example Problem 4. 
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7.5 Example Problem 5 

  In the fifth example, a static, two dimensional pipelay analysis is performed for a simple 

“hanging initiation” problem. In this problem, pipelay is being initiated from a fixed offshore 

platform. The lower end of the pipeline, in the sagbend, is connected to the platform by a short 

length of cable which is tied-off to the platform at a point just below the water surface. 

  The present example represents just one step in the pipelay initiation procedure. In this step, the 

distance from the laybarge to the platform is such that the entire length of pipe and cable in the 

sagbend is suspended off bottom. An analysis of the complete initiation procedure could be 

performed by varying the length of the pipeline in a series of steps, beginning with the end of the 

pipeline near the stinger tip and finishing when the pipe string is long enough to reach the seabed. 

These additional steps have been left out of the present example to reduce the size of the problem, 

and because the input data and printed output are essentially the same for each step. 

  The laybarge is modeled, in the present example, using a straight inclined pipe ramp. Ramps of 

this type are often found on the small barges used in shallow coastal waters. The stinger is 

modeled as a simple, flexible structure consisting of two main chords joined by a series of “U” 

shaped cross members. This type of stinger is normally straight when undeformed. Its curvature is 

produced by using the ballast schedule and pipe loads to bend the stinger. 

Table 7-6, OFFPIPE Features Demonstrated in Example Problem 5. 

□ Advanced two dimensional hanging initiation analysis. 

□ Barge geometry given by option 5: straight inclined ramp defined by coordinates and angle of 

tangent point. 

□ Stinger geometry defined using option 1: explicit X and Y coordinates. 

□ Stinger type given by option 2: curvature produced by ballast straight, flexible stinger with 

schedule and pipe loads. 

□ Structural stinger model used with specified element weights, displacements and ballast 

schedule. 

□ Stinger rotated downward from initial (input) position to approximate working position. 

□ User specified stinger section properties. 

□ Lower end of pipeline in sagbend is attached to fixed platform near water surface by short 

length of cable. 

□ Pipe string is replaced by bundle consisting of 3 pipelines strapped together. 

□ External floats are used to reduce submerged pipe weight in sagbend. 

□ Pipe stresses calculated using DNV code formula. 

□ Static pipe tension specified on bottom. 

  Like earlier examples, the present problem is based on Example Problem I and utilizes the same 

basic pipe properties, pipe tension and water depth. However, in the present example, the single 

pipe string considered previously has been replaced by a pipe bundle consisting of three pipelines 

that are tied together. This bundle includes the 16-inch pipeline used in previous examples plus 

two new 3-inch pipelines which are strapped to the outside of the 16-inch pipe. 

  This problem is typical of the more specialized pipelaying analyses that would normally follow 

the preliminary analysis performed in the first example. The features of OFFPIPE demonstrated in 

this problem are listed in Table 7-6. 

7.5.1 Input Data 
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  The input data for the second example problem is described in this section. Because of 

similarities between the present problem and preceding examples, the following discussion is 

limited to areas in which this problem differs from previous ones. For a more complete discussion 

of the input data, refer also to Section 7.1. 

  The differences between the present input data file and previous ones are discussed below in the 

order in which the differences appear in the file. The input data file for the present example is 

listed in Figure 713 and echoed in the Input Data Echo, shown in Figure 7-14. 

  The total or combined pipe stress, and the percent of yield printed in the Static Pipe Forces and 

Stresses will be calculated in the present example using the DNV code equation. The use of the 

DNV equation is requested on the PRIN record. When selected, the DNV equation replaces the 

standard (default) Von Mises equation which is normally used by OFFPIPE to calculate the total 

pipe stress. 

  The single pipeline considered in preceding examples has been replaced, in the present example, 

by a pipe bundle consisting of one 16inch pipeline and two 3.5-inch lines. These three pipelines 

are strapped together in such a way that all three lines are on the exterior of the bundle and 

exposed to the water. The pipe bundle is defined using the BUND record. 

  The exact length of the pipe bundle, from the line-up station on the laybarge to the end of the 

pipe string in the sagbend (1600 ft.), is specified on the PIPE record entered for the principle pipe 

property table entry. The principle property table entry (the 16-inch line) is identified on the 

BUND record. Note that the pipe stresses are only calculated by OFFPIPE for the line that is 

designated as the principle pipe property table entry. 

  The length of the cable used to connect the pipeline to the initiation platform is entered using 

the CABL record. The specified cable length is 120 ft. 

Figure 7-13, The input data file for Example Problem 5. 

*COMM **************************************************************** 

*COMM *********************. EXAMPLE PROBLEM - 5 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A 2-D PIPELAY HANGING INITIATION ANALYSIS. 

*COMM  IT DEMONSTRATES THE FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY DEFINED BY SIMPLE, STRAIGHT INCLINED RAMP 

*COMM 

*COMM   - STINGER IS MODELED AS ONE-PIECE, STRAIGHT FLEXIBLE STRUCTURE 

*COMM     HINGED AT BARGE STERN 

*COMM 

*COMM   - STINGER INITIAL GEOMETRY DEFINED BY X AND Y COORDINATES, 

*COMM     ROTATED TO APPROXIMATE WORKING ANGLE 

*COMM 

*COMM   - STINGER ELEMENT STIFFNESSES, WEIGHTS, DISPLACEMENTS AND 

*COMM     BALLAST CONTENTS ARE SPECIFIED 

*COMM 

*COMM   - STINGER STATIC EQUILIBRIUM POSITION CALCULATED BY OFFPIPE 

*COMM 

*COMM   - STINGER CURVATURE IS PRODUCED BY USING BALLAST SCHEDULE TO 

*COMM     BEND STINGER IN CALCULATED SOLUTION 

*COMM 

*COMM   - PINNED SPAN END CONDITION AND DEPTH OF PINNED ATTACHMENT GIVEN 

*COMM 

*COMM   - ONLY ONE STEP IN INITIATION PROCEDURE IS MODELED, LAST 120 FT 

*COMM     OF PIPE/CABLE STRING IS CABLE ATTACHED TO PLATFORM.  OTHER 

*COMM     STEPS CAN BE MODELED BY VARYING LENGTH OF PIPE SEGMENT 

*COMM 

*COMM   - PIPELINE IS BUNDLE CONSISTING OF ONE 16-INCH PIPE AND TWO 

*COMM     3.5-INCH PIPES 

*COMM 
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*COMM   - PIPE STRESSES CALCULATED USING DNV CODE FORMULA 

*COMM 

*COMM   - EXTERNAL FLOATS ARE USED TO REDUCE PIPE WEIGHT IN SAGBEND 

*COMM 

*COMM   - STATIC HORIZONTAL PIPE TENSION IN SPAN IS SPECIFIED INSTEAD OF 

*COMM     BARGE TENSION 

*COMM 

*COMM   - OVERLAY PLOTS SHOW BOTH PLAN AND ELEVATION VIEWS 

*COMM 

*COMM **************************************************************** 

*COMM *******************. PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 5: 2-D HANGING INITIATION, PIPE BUNDLE, FLEXIBLE STINGER', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1 

*COMM **************************************************************** 

*COMM **********************. PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1, 

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1 

*PROF ROW=2, NUMB=1, TYPE=1, 

TITL='PIPELINE ELEVATION PROFILE AND TOTAL PIPE STRESS', 

ORDL='TOTAL VON MISES PIPE STRESS', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PROF ROW=3, NUMB=2, TYPE=1, 

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION', 

ORDL='VERTICAL BENDING MOMENT', ABSL='PIPE HORIZONTAL X COORDINATE', ORDI=10, 

ABSC=1 

*PROF ROW=4, NUMB=2, TYPE=1, 

TITL='VERTICAL BENDING MOMENT AND PIPE SUPPORT REACTION', 

ORDL='VERTICAL PIPE SUPPORT REACTION', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=7, ABSC=1 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM *********************. PRINTED OUTPUT ************************** 

*COMM **************************************************************** 

*PRIN STAT=1, SUMM=1, SUPP=1, DNV=1 

*COMM **************************************************************** 

*COMM **********************. PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS BOTT=76 

*COMM **************************************************************** 

*COMM ***************. PIPE, CABLE AND COATING DATA ****************** 

*COMM **************************************************************** 

*PIPE ROW=1, LENG=1600, DIAM=16, WALL=0.5, YIEL=52 

*COAT ROW=1, TCOR=0.09375, TCON=2.0, DCOR=120, DCON=190, LENG=40, FJNT=3, 

DJNT=120 

*PIPE ROW=2, DIAM=3.5, WALL=0.337, YIEL=35 

*COAT ROW=2, TCOR=.018, DCOR=85, DCNT=64 

*BUND NUMB=2, PRIN=1 

TABL = (ROW,NUMB,POSI) 

1, 1, 2 

2, 2, 2 

*CABL ROW=3, LENG=120, DIAM=2 

*COMM **************************************************************** 

*COMM ***********************. BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=5, XTAN=210, YTAN=3, ANGL=4.5, DECK=16, TRIM=0.6, XROT=200, 

YROT=-16 

TABL = (X,Y,SUPP,DAVI) 

290, , 1, 

250, , 2, 

210, , 2, 

170, , 1, 

130, , 1, 

 90, , 1, 

 50, , 1, 
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 10, , 1, 

*COMM **************************************************************** 

*COMM **********************. STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=12, GEOM=1, TYPE=2, XHIT=-3, YHIT=-20, XORG=-3, YORG=-20, ROTA=15 

TABL = (X,Y,SUPP,SECT,LENG) 

 -30, 6, , 2, 

 -60, 6, , 1, 

 -90, 6, , 1, 

-120, 6, , 1, 

-150, 6, , 1, 

-180, 6, , 1, 

-210, 6, , 1, 

-240, 6, , 1, 

-270, 6, , 1, 

-300, 6, , 1, 

-330, 6, , 1, 

-360, 6, , 1, 

*SECT ROW=1, TYPE=1, VSTF=2.78E6 

*SECT ROW=2, TYPE=2, VSTF=2.78E6, VANG=90 

*WEIG NUMB=12 

TABL = (WEIG,DISP) 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

26.0, 46.2 

*BALL NUMB=12 

LIST = 20, 15, 10, 5, 0, 0, 0, 0, 5, 10, 30, 50 

*COMM **************************************************************** 

*COMM ******************. SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300, END=1, YEND=50 

*COMM **************************************************************** 

*COMM *********************. FLOTATION DATA ************************** 

*COMM **************************************************************** 

*FLOA NUMB=12 

TABL = (NODE,FLOA,DIST) 

22, 3.2, 2.5 

28, 3.2, 2.5 

34, 3.2, 2.5 

40, 3.2, 2.5 

43, 3.2, 2.5 

46, 3.2, 2.5 

49, 3.2, 2.5 

52, 3.2, 2.5 

55, 3.2, 2.5 

58, 3.2, 2.5 

61, 3.2, 2.5 

64, 3.2, 2.5 

*COMM **************************************************************** 

*COMM **********************. RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM ***********************. END OF DATA *************************** 

*COMM **************************************************************** 

  The X coordinates of the pipe supports and tensioners are given explicitly on the BARG record. 

The elevations of pipe supports and tensioners on the laybarge are defined in the present example 

using laybarge geometry option (5). The support elevations are defined by a simple, straight line 
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whose position and orientation are given by the tangent point coordinates and angle entered on the 

BARG record. 

  The stinger is modeled structurally in the present example using the flexible, conventional (type 

2) stinger model. Except for its first element, the stinger is assumed to be straight when 

undeformed. The stinger model is hinged at the hitch to permit free rotation about the horizontal 

principal axis of the stinger cross section. 

  The initial geometry of the stinger is defined using stinger geometry option (1). The X and Y 

coordinates of the stinger pipe supports are given explicitly on the STIN record. The coordinates 

are expressed in terms of a temporary coordinate system whose origin coincides with the stinger 

hitch. They define the positions of the stinger pipe supports when the stinger is horizontal and 

undeformed. The coordinates will be rotated about the hitch (15 degrees) to the approximate 

operating position of the stinger. The final position and curvature of the stinger will be calculated 

by OFFPIPE on the basis of the pipe loads acting on the stinger and stinger ballast schedule. 

  The overall length of the present stinger model (360 ft.) is substantially greater than the stinger 

length used in the preceding examples. The increased length is required because a conventional 

stinger is not capable of as tight a radius as the rigid truss stinger and articulated stinger 

considered previously. 

  The bending stiffnesses of the stinger elements are specified using two SECT records. These 

stiffnesses must be specified explicitly, because the default stiffnesses used by OFFPIPE would 

not allow the stinger to bend under the influence of the pipe loads and ballast schedule  Note that 

the stiffnesses must be specified for both the fixed-end (type 1) and hinged-end (type 2) elements 

used to construct the stinger model. 

  The stinger element weights, displacements and ballast schedule have been entered using the 

WEIG and BALL records. The ballast schedule used in the present example has been chosen to 

provide an average radius of curvature on the stinger of approximately 860 feet. Note that the 

ballast has been concentrated near the two ends of the stinger, and that the center of the stinger is 

not ballasted. 

  The required pinned end condition for the initiation cable, and the depth at which the cable is 

tied-off to the platform are specified on the GEOM record. The cable is attached to the platform at 

a point 50 feet below the water surface. Note that the projected (X) length of the suspended pipe 

span is not required in the present analysis. It will be calculated by OFFPIPE on the basis of the 

given pipe tension and length of the pipe string. 

  A series of discrete flotation devices have been attached to the pipeline in the sagbend using the 

FLOA record. These floats have been provided to offset the increased weight of the two 3.5-inch 

lines that are strapped to the 16-inch pipeline. The floats are attached to the pipeline at a spacing 

of 240 ft., and each one provides a total of 3.2 lips of flotation. The floats are positioned 

approximately 2.5 feet above the bottom of the pipe bundle. 

7.5.2 Printed Output 

  The results of the present pipelaying analysis are printed in the Static Pipe Coordinates, Forces 

and Stresses shown in Figure 7-14. Because the present problem is based on the preceding 

examples, the results of this analysis are similar in many ways to those obtained previously. The 

main differences between these results and the previous ones are:  

1. In the present example, the lower end of the pipe/cable string terminates in a pinned 
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connection that is 50 feet below the water surface and 250 feet above the seabed.  

2. The pipeline and cable are suspended above the seabed over the entire length of the 

sagbend. The lowest point on the pipe/cable string is approximately 84 feet above the 

seabed. 

3. The pipe stresses are calculated only for the 16-inch pipeline which has been designated as 

the principle pipe property table entry.  

4. The pipe stresses in the sagbend oscillate and have a notched or toothed appearance in the 

plot shown in Figure-I5. This effect is caused by the short pipe spans between floats. 

  Because of the similarities between the present problem and preceding example, the following 

discussion is limited to areas in which the present results differ from those obtained previously. 

For a more complete discussion of the present problem, refer also to Section 7.1. 

  The calculated pipe node coordinates, stresses and support reactions in the overbend are 

significantly different from the results obtained previously, because the geometry's of the laybarge 

and stinger have changed. In the present example, the pipe ramp on the laybarge has no radius of 

curvature. Thus, the pipe stresses on the laybarge are due only to the pipe tension and the weight 

of the pipe spans between supports. The average tensile stress on the laybarge (3.1 ksi) is almost 

equal to the average bending stress (4.5 ksi). 

  The maximum bending stress on the laybarge (9.8 ksi) occurs at the stern shoe. The increased 

pipe stress at this point is due to a slight misalignment between the laybarge and stinger.  

  The average pipe stress on the stinger has also been reduced, in the present example, because 

the average radius of the stinger has been increased. The pipe stresses are also less uniform, 

because the radius of curvature varies over the length of the stinger. The stinger radius is smallest 

near the center of the stinger and much greater (almost straight) at the two ends. 

  The maximum bending stress on the stinger (34.6 ksi) occurs at node 28 near the center of the 

stinger. This value is slightly greater than the average bending stress (32 ksi) observed in Example 

Problem 1. This indicates that the minimum radius of curvature achieved in the present example is 

slightly smaller than the constant 640 foot stinger radius used in the first problem. 

  Note that the total pipe stress (32.3 ksi) calculated at node 28 is less than the bending stress. 

This is a result of using the DNV equation to calculate the total pipe stress. The DNV equation 

includes a coefficient (0.85) that is used to reduce the contribution of the bending stress to the total 

stress. 

  The minimum bending stress on the stinger (1.1 ksi) occurs at the stinger tip. The stress at the 

stinger tip is greatly reduced because the stinger is almost straight at this point, and the pipeline is 

not riding heavily on the tip roller. 

  The depth of the pipe at the stinger tip (98.6 ft.) is roughly comparable to the depth in the first 

example (96.6 ft.), but the stinger departure angle (25.7 deg.) is much less than the angle achieved 

in the previous example (34.3 deg.). This reduced departure angle indicates that the increased 

length of the stinger in the present example (360 ft. versus 240 ft.) is still not sufficient to 

overcome the greater average radius. 

  In the sagbend, the maximum bending stress is 22.2 ksi, compared to a value of 24.7 ksi in the 

first example. The bending stresses would have been much greater in the present example, if 

external flotation had not been used to reduce the submerged pipe weight. Note that the bending 

stress fluctuates in the sagbend, because of the short pipe spans created by the floatation devices. 

The end of the pipe string in the sagbend occurs at node 65. Nodes with numbers greater than 65 
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represent the initiation cable. 

  The solution results presented in the Static Solution Summary, shown in Figure 7-14, are similar 

to those obtained in preceding examples. Except for the fact that two sets of pipe properties are 

listed at the beginning of the summary, the only significant differences between these results and 

those obtained previously are the actual values of the data printed. The changes in these values 

have already been discussed above. 

7.5.3 Plots 

  The two profile plots requested for the present example are shown in Figure 7-15. Except for 

the numerical values of the data plotted, these plots are the same as the ones generated in Example 

Problem 1. For a discussion of those plots please refer to Section 7.1. 

  It should be noted, however, that the plots in Figure 7-15 clearly show some of the unusual 

calculation results discussed in the previous section. The variation in the pipe stresses over the 

length of the stinger, and the fluctuation of the pipe stresses due to the flotation devices in sagbend 

are clearly visible in the first plot. One can also see in the first plot that the pipeline is suspended 

above the seabed over the entire length of the sagbend. 
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Figure 7-14, The printed output for Example Problem 5. 
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Figure 7-15a, The plots produced in Example Problem 5. 

 

Figure 7-15b, The plots produced in Example Problem 5. 
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7.6 Example Problem 6 

  In the sixth example, a static three dimensional analysis is performed for a “J-lay'l problem in 

which the pipeline is laid without a stinger. The upper end of the pipeline is supported only by a 

steeply inclined, straight pipe ramp on the laybarge. No stinger model is used. 

  Like the preceding examples, this problem is derived from Example Problem 1. The basic pipe 

properties, pipe tension and water depth are the same as those used in the first example. However, 

there are several important differences between this problem and previous ones. 

  In the present example, the bending stiffness of the pipeline is defined by a nonlinear 

moment-curvature relationship. And because the pipeline is being laid using an inclined ramp and 

no stinger, the laybarge and stinger configurations in previous examples are completely different. 

The features of OFFPIPE demonstrated in this example are listed in Table 7-7. 

7.6.1 Input Data 

  The input data for the sixth example problem is described in this section. Because there are 

similarities between the present problem and previous examples, the following discussion is 

limited to areas in which this example differs from preceding ones. For a more complete 

discussion of the input data, refer also to Section 7.1. 

  The differences between the present input data file and previous examples are discussed below, 

in the order in which the differences appear in the file. The input data file for the present example 

is listed in Figure 7-16 and echoed in the Input Data Echo, shown in Figure 7-18. 

Table 7-7, OFFPIPE Features Demonstrated in Example Problem 6.  

□ Advanced, 3-dimensional “J-lay” analysis. 

□ Barge geometry defined using option 6: steeply inclined straight ramp rotated about pivot point. 

□ Lateral barge offset from pipeline right-of-way. 

□ No stinger model is used. 

□ Full encirclement pipe supports; some with roller spacings greater than the pipe diameter. 

□ Bending stiffnedd of pipe defined by nonlinear moment-curvature relationship. 

□ Pipe strains printed in output in place of stresses. 

□ Variable pipe element lengths used in sagbend. 

□ Lateral current with constant velocity. 

□ Soil friction coefficient. 

  The maximum allowable pipe strain (0.2 %) is specified on the PIPE record. The value entered 

will be used by OFFPIPE to express the total pipe strain as a percentage of its maximum allowable 

value in the printed output.. The pipe strains are printed in place of the pipe stresses, because a 

nonlinear moment-curvature relationship is used to define the bending stiffness of the pipeline. 

  A nonlinear moment-curvature relationship is specified for the pipeline using the MOME record. 

The relationship used, in this example, is OFFPIPE's built-in default moment curvature 

relationship which is based on the yield strength ratio for the pipe. 

  Two values of the yield strength ratio are given. The first value (1.12 x nominal SMYS) is 

somewhat greater than the nominal value and used to calculate the average stiffness of the pipeline, 

including any stiffening effects due the pipe coatings. This value is used by OFFPIPE to determine 

the deformed shape and internal forces in the pipeline. The second value (1.0 x nominal SMYS) is 

less stiff. It is used by OFFPIPE to calculate the pipe strains in the printed output. One reason for 
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using a lower second value might be to better approximate the values of the pipe strains at the 

field joints. The moment curvature relationships used for the pipe are shown graphically in Figure 

7-17. 

  The pipeline is supported on the laybarge by two tensioners and four full-encirclement pipe 

supports. The properties of the pipe supports and tensioners are assigned by referencing their 

property table indices on the BARG record. 

  The elevations of the pipe supports and tensioners are specified using laybarge geometry option 

(6). The pipe supports and tensioners are installed on a straight, steeply inclined ramp which is 

mounted on the deck of the laybarge. The pipe ramp is mounted in such a way that it can pivot 

about a point that is 20 forward of the barge stern and 4 feet above the deck. The pipe ramp is 

inclined at an angle of 55 degrees relative to the deck. 

  The positions of the pipe supports and tensioners on the ramp are defined by a series of X 

coordinates which give their positions before the ramp was rotated upward to its present angle. 

The elevations and angles of the pipe supports and tensioners before the rotation are defined by a 

tangent point and straight line which passes through the tangent point. In the present example, the 

tangent point is positioned in such a way that it coincides with the pivot point. 

Figure 7-16, The input data file for Example Problem 6. 

*COMM **************************************************************** 

*COMM ********************** EXAMPLE PROBLEM - 6 ********************* 

*COMM **************************************************************** 

*COMM 

*COMM  THIS IS AN EXAMPLE OF A 3-D J-LAY ANALYSIS IN WHICH A STINGER IS 

*COMM  NOT USED.  IT DEMONSTRATES THE FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY DEFINED BY STEEPLY INCLINED, STRAIGHT RAMP 

*COMM     ROTATED ABOUT A USER DEFINED PIVOT POINT ON BARGE 

*COMM 

*COMM   - 3-D BARGE POSITION DEFINED BY Z OFFSET FROM RIGHT-OF-WAY 

*COMM 

*COMM   - PIPE SUPPORTS ON BARGE ARE FULL ENCIRCLEMENT SUPPORTS 

*COMM 

*COMM   - LAST 2 PIPE SUPPORTS FORM "TRUMPET" TO ALLOW PIPE TO DEFLECT 

*COMM     BEFORE CONTACTING ROLLERS 

*COMM 

*COMM   - PIPE SUPPORT PROPERTIES SPECIFIED INCLUDE ROLLER ANGLES AND 

*COMM     OFFSETS 

*COMM 

*COMM   - PIPE IS LAID WITHOUT A STINGER 

*COMM 

*COMM   - PIPE BENDING STIFFNESS IS MODELED USING A NONLINEAR MOMENT- 

*COMM     CURVATURE RELATIONSHIP DEFINED BY BUILT-IN DEFAULT EQUATION 

*COMM 

*COMM   - TWO ADDITIONAL CASES USE IDENTICAL MOMENT-CURVATURE RELATION- 

*COMM     SHIPS GIVEN BY USER DEFINED COEFFICIENT AND EXPONENT AND BY 

*COMM     ENTERING VALUES OF BENDING MOMENT AND CURVATURE AT TWO POINTS 

*COMM 

*COMM   - PIPE STRAINS ARE PRINTED IN OUTPUT IN PLACE OF STRESSES, 

*COMM     ALLOWABLE STRAIN IS ENTERED ON "*PIPE" RECORD 

*COMM 

*COMM   - VARIABLE PIPE ELEMENT LENGTHS USED IN SAGBEND TO INCREASE 

*COMM     RESOLUTION AROUND POINT OF MAXIMUM STRAIN 

*COMM 

*COMM   - STATIC PIPE TENSION SPECIFIED ON LAYBARGE 

*COMM 

*COMM   - 3-D CURRENT PROFILE AND SOIL FRICTION COEFFICIENT SPECIFIED 

*COMM 

*COMM   - OVERLAY PLOTS SHOW BOTH PLAN AND ELEVATION VIEWS 

*COMM 

*COMM **************************************************************** 

*COMM ******************** PROBLEM HEADING DATA ********************** 
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*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 6: J-LAY W/O STINGER, NONLINEAR PROPERTIES, CIRCULAR SUPPORTS', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1 

*COMM **************************************************************** 

*COMM *********************** PLOTTING DATA ************************** 

*COMM **************************************************************** 

*PROF ROW=1, NUMB=1, TYPE=1, 

TITL='PIPE ELEVATION PROFILE AND TOTAL PIPE STRAIN', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1 

*PROF ROW=2, NUMB=1, TYPE=1, 

TITL='PIPE ELEVATION PROFILE AND TOTAL PIPE STRAIN', 

ORDL='TOTAL VON MISES PIPE STRAIN', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PROF ROW=3, NUMB=2, TYPE=1, 

TITL='PLAN VIEW OF PIPE WITH HORIZONTAL BENDING STRAIN', 

ORDL='PIPE HORIZONTAL Z COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=3, ABSC=1, OMIN=-25, OMAX=75 

*PROF ROW=4, NUMB=2, TYPE=1, 

TITL='PLAN VIEW OF PIPE WITH HORIZONTAL BENDING STRAIN', 

ORDL='PIPE HORIZONTAL BENDING STRAIN', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=16, ABSC=1 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM *********************** PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100 

*COMM **************************************************************** 

*COMM ***************** NORMAL PIPE AND COATING DATA ***************** 

*COMM **************************************************************** 

*PIPE ROW=1, STRA=0.2, DIAM=16, WALL=0.5, YIEL=52, CD=0.8 

*COAT ROW=1, TCOR=0.09375, TCON=2, DCOR=120, DCON=190, LENG=40, FJNT=3, 

DJNT=120 

*COMM **************************************************************** 

*COMM ******************** MOMENT-CURVATURE DATA ********************* 

*COMM **************************************************************** 

*MOME ROW=1, EQUA=2, RAT1=1.12, RAT2=1.0 

*COMM **************************************************************** 

*COMM ************************ BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=6, GEOM=6, XTAN=20, YTAN=4, DECK=16, XROT=200, YROT=-16, ZROT=0, 

ZOFF=50, XPIV=20, YPIV=4, APIV=55 

TABL = (X,Y,SUPP,DAVI) 

210, , 2, 

170, , 2, 

130, , 4, 

90, , 4, 

50, , 7, 

10, , 8, 

*SUPP ROW=7, TYPE=4, ANGL=22.5, INCL=22.5, OFFS=0.933, HEIG=2.5 

*SUPP ROW=8, TYPE=4, ANGL=22.5, INCL=22.5, OFFS=1.463, HEIG=4.0 

*COMM **************************************************************** 

*COMM ******************* SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM DEPT=300 

*LENG NUMB=7 

TABL = (NUMB,LENG) 

9, 40 

1, 30 

1, 20 

6, 10 

1, 20 

1, 30 

100, 40 

*COMM **************************************************************** 

*COMM *********************** SOIL PROPERTIES ************************ 

*COMM **************************************************************** 

*SOIL FRIC=1.0 
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*COMM **************************************************************** 

*COMM ******************** CURRENT PROFILE DATA ********************** 

*COMM **************************************************************** 

*CURR NUMB=1 

TABL = (DEPT,VELO,DIRE) 

, 3.5, -90 

*COMM **************************************************************** 

*COMM *********************** RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ************** ALTERNATE MOMENT-CURVATURE DATA ***************** 

*COMM **************************************************************** 

*MOME ROW=1, EQUA=1, COF1=0.45058, EXP1=11.457, COF2=1.795, EXP2=9.7 

*COMM **************************************************************** 

*COMM *********************** RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*COMM **************************************************************** 

*COMM ************** ALTERNATE MOMENT-CURVATURE DATA ***************** 

*COMM **************************************************************** 

*MOME ROW=1, EQUA=3, CRVA=1.034747, MOMA=0.9, CRVB=2.442794, MOMB=1.1, 

CRVC=1.006081, MOMC=0.8, CRVD=2.795, MOMD=1.0 

*COMM **************************************************************** 

*COMM *********************** RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM ************************ END OF DATA *************************** 

*COMM **************************************************************** 

  The coordinates and angles of the pipe supports, pivot point and tangent point are entered on the 

BARG record. The use of a tangent point and straight line to define the initial positions of the 

supports, and a separate pivot point to define the ramp orientation, permits the ramp angle to be 

varied without having to recalculate the support coordinates each time the angle is changed.  

 

Figure 7-17, The nonlinear moment-curvature relationship used for Example Problem 6. 

  The properties of the last two pipe supports on the laybarge are specified using two SUPP 

records. The properties entered for these supports include their element types, roller angles, roller 

heights and side roller offsets. The last two  supports are designed to form a “bellmouth” at the 

stern of the laybarge. Each of the supports consists of eight rollers that are mounted in a 

completely symmetric, octagonal “ring'i which fully encircles the pipeline. 

  The angle between any two adjacent rollers on these supports is exactly 45 degrees. The 
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separation between any two pairs of opposing rollers is 2.5 feet for the next-to-last pipe support 

and 4.0 feet at the barge stern. These distances are greater than the pipe diameter, and they allow 

the pipeline significant freedom of movement within the supports. 

  Note that the user defined support properties are stored in rows (7) and (8) of the support 

property table. Rows (1-6) of the table are reserved for the properties of OFFPIPE's default 

support types. Also remember that the elevations of full-encirclement pipe supports are 

automatically adjusted by OFFPIPE in such a way that the pipeline is centered in the support when 

it is straight and parallel to the inclined ramp. 

  The laybarge heading and offset from the pipeline right-of-way are also specified on the BARG 

record. The barge heading is parallel to the pipeline right-of-way and the direction of lay. Its offset 

from the pipeline right-of-way is 50 feet in the positive global Z axis direction. 

  The lengths of the pipe elements in the sagbend are varied to improve the resolution of the 

calculated pipe strains near the point of maximum pipe curvature. The element lengths are varied 

from a maximum of 40 feet to a minimum of 10 feet using the LENG record. 

  The coefficient of friction between the pipeline and the seabed is specified using the SOIL 

record. The value specified (Cf = 1.0) is equal to the default friction coefficient which would be 

assigned, by OFFPIPE, if no value was entered. A steady lateral current is specified using the 

CURR record. The current flows in the negative global Z axis direction. The current velocity is 

constant for all depths and equal to 3.5 feet/sec. 

  Finally, two additional MOME records are used to redefine the moment-curvature relationship 

for the pipe in cases (2) and (3). These cases are included only to illustrate the use of OFFPIPE's 

other two methods for defining the moment-curvature relationship. They are not included in the 

printed output because the moment-curvature relationships defined in cases (2) and (3) are 

completely equivalent to the one used in case (1). 

7.6.2 Printed Output 

  The results of the present pipelaying analysis are printed in the Static Pipe Coordinates, Forces 

and Stresses shown in Figure 7-18. Although the present problem is derived from the first example, 

there are few similarities between the results of this analysis and those obtained previously. The 

major differences between these results and the previous ones include:  

1. The pipe supports and tensioners on the laybarge are mounted on a straight, steeply 

inclined ramp. The pipe strains in the overbend are significant only at the stern of the 

laybarge.  

2. There is no stinger model.  

3. The pipe strains are displayed in the printed output in place of the stresses, because the 

bending stiffness of the pipeline is de fined by a nonlinear moment-curvature 

relationship.  

4. The ring of support rollers surrounding the pipe is larger than the pipe diameter for the 

last two supports on the laybarge. The re sulting pipe displacements are significant at the 

barge stern.  

5. The small horizontal bending moment at the touchdown point in dicates that this example 

represents a steady state pipelaying configuration. 

 As in preceding examples, the following discussion is focused on areas in which the results of 

the present analysis differ from those obtained previously. For a more complete discussion of the 
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present problem, refer also to Sections 7.1 and 7.2. 

  In the present example, the laybarge is offset 50 feet from the pipeline right-of-way, but the 

barge heading has not been changed. As a result, the pipe deflections are significant in the 

“bellmouth'l formed by the pipe supports at the stern of the laybarge. The pipe is displaced 0.82 

feet below and to the port side of the centerline of the last pipe support on the laybarge.  

The corresponding horizontal and vertical support reactions at the last pipe support (node 11) 

are 12.9 kips and 6.4 kips respectively. The magnitudes of these displacements and reactions 

indicate that the pipe is resting at the intersection of the bottom and side rollers of the last support. 

  The horizontal and vertical angles of the pipeline, at the stern of the laybarge, are 4.9 degrees 

and 55.5 degrees respectively. The maximum horizontal angle in the sagbend is 11.5 degrees. 

These large horizontal angles indicate that the pipeline would benefit from an increase in both the 

barge heading and the size of the “bellmouth'l at the stern of the laybarge. 

  The pipe strains are also significant at the barge stern. The vertical bending strain at node 11 is a 

relatively small 0.0017 %, but the horizontal bending strain there is 0.136 %. The total (Von Mises) 

pipe strain is 0.145 % or 72.4 % of the maximum allowable strain (0.2 %). 

  The maximum vertical bending strain in the sagbend occurs at node 28. The value of the 

maximum vertical bending strain is 0.203 %. The corresponding maximum horizontal bending 

strain is 0.037 %. The total pipe strain is 0.211 % or 105.4 % of the maximum allowable strain. 

  The touchdown point on the seabed is between nodes 33 and 34. The relatively large vertical 

soil reaction at node 33 (2.1 kips) indicates that the touchdown point is probably almost midway 

between the nodes. The projected length of the pipe span is approximately 483 feet. The position 

of the touchdown point is given in the Static Solution Summary as 467.7 feet from the barge stern. 

  The small horizontal bending moment at the touchdown point (0.84 ft-kips) and small lateral 

soil reaction (0.5 kips) indicate that the pipeline is being laid in a straight line, and that the present 

example represents a true steady state pipelaying configuration. The barge offset from the pipeline 

right-of-way (50 feet) is exactly the distance required to cancel the effects of the strong lateral 

current. 

  Except for the above mentioned differences in the calculated values of the pipe node 

coordinates, internal forces and stresses, the solution results presented in the Static Solution 

Summary, shown in Figure 718, are essentially the same as those shown in Figure 7-5. For a 

discussion of the Static Solution Summary, see Sections 7.1 and 7.2. 

7.6.3 Plots 

  The two profile plots requested in the present example are shown in Figure 7-19. Except for the 

differences in the calculation results discussed above, these plots are similar to the plots produced 

by OFFPIPE in Example Problem 2. For a discussion of these plots, see Section 7.2.2. 



Reedited by OPIMsoft Technology Co., Ltd.        www.opimsoft.com 

 

 (7-104) 

Figure 7-18, The printed output for Example Problem 6. 
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Figure 7-19a, The plots produced in Example Problem 6. 

 

Figure 7-19b, The plots produced in Example Problem 6. 
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7.7 Example Problem 7 

  In the seventh example, a dynamic analysis is performed for a conventional pipelaying problem 

in which a rigid, fixed curvature stinger is used. The analysis is performed in three dimensions. A 

single, regular wave is used to define the motions of the laybarge and calculate the wave forces 

acting on the pipeline and stinger. 

  This problem is based on the static analysis performed in Example Problem 2. The pipe 

properties, pipe tension, water depth, current profile, and laybarge and stinger configurations are 

identical to those considered in the second example. The features of OFFPIPE highlighted in this 

example are listed in Table 7-8. 

7.7.1 Input Data 

  The input data for the seventh example problem is described in this section. Because of many 

similarities between the present problem and the second example, the following discussion is 

limited to areas in which this example differs from the previous one. For a more complete 

discussion of the input data, refer also to Section 7.2. 

  The differences between the present input data file and the second example are discussed below, 

in the order in which the differences appear in the file. The input data file for the present example 

is listed in Figure 7-20 and echoed in the Input Data Echo, shown in Figure 7-21. 

  Plot requests for three time history plots have been entered in the present example using six 

consecutive HIST records. The first record is used to generate a time history plot of the vertical 

bending stress in the the pipeline at the stern shoe. To show dependence of the stress on the 

motions of the laybarge, this curve is superimposed on a time history plot of the global Y 

coordinate of the pipeline at the stern shoe requested on the second record. 

Table 7-8, OFFPIPE Features Demonstrated in Example Problem 7. 

□ Advanced 3-dimensional, dynamic pipelaying analysis. 

□ Barge geometry defined using option 1: explicit X and Y coordinates. 

□ Laybarge heading and offset from pipeline right-of-way specified. 

□ Pipe supports have non-zero roller angles, side roller offset and bed length. 

□ Pipe tension specified with deadband. 

□ Stinger geometry defined using option 1: explicit X and Y coordinates. 

□ Stinger type given by option 3: rigid, fixed stinger. 

□ Structural stinger model used with specified element weights, displacements and ballast 

schedule. 

□ Structural and hydrodynamic properties specified for stinger. 

□ Laybarge motions and wave loads generated by regular wave. 

□ Sea state defined by wave height, period and direction of travel. 

□ Laybarge RAO's entered for single wave direction and period. 

□ Time step length, end time and sampling period specified for numerical integration. 

□ Lateral current with given velocity profile. 

□ Soil friction coefficient and non-zero bottom slope. 

Figure 7-20, The input data file for Example Problem 7. 

*COMM **************************************************************** 

*COMM ********************** EXAMPLE PROBLEM - 7 ********************* 

*COMM **************************************************************** 

*COMM 
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*COMM  THIS IS AN EXAMPLE OF A 3-D DYNAMIC PIPELAY ANALYSIS USING A 

*COMM  REGULAR WAVE AND BARGE RAOS FOR A SINGLE WAVE FREQUENCY.  IT 

*COMM  DEMONSTRATES THE FOLLOWING: 

*COMM 

*COMM   - BARGE GEOMETRY GIVEN BY EXPLICIT X AND Y COORDINATES 

*COMM 

*COMM   - 3-D BARGE POSITION DEFINED BY Z OFFSET AND BARGE HEADING 

*COMM 

*COMM   - BARGE STERN SHOE HAS FINITE LENGTH TO REDUCE PIPE STRESS 

*COMM 

*COMM   - STINGER MODELED AS STIFF TRUSS STRUCTURE HINGED AT BARGE STERN 

*COMM 

*COMM   - STINGER GEOMETRY GIVEN BY EXPLICIT X AND Y COORDINATES 

*COMM 

*COMM   - STINGER ROTATED FROM HORIZONTAL POSITION TO APPROXIMATE WORKING 

*COMM     ANGLE 

*COMM 

*COMM   - STINGER ELEMENT WEIGHTS, DISPLACEMENTS AND BALLAST SCHEDULE 

*COMM     SPECIFIED 

*COMM 

*COMM   - CROSS SECTIONAL AREA AND DISPLACEMENT SPECIFIED FOR STINGER 

*COMM     ELEMENTS 

*COMM 

*COMM   - STINGER STATIC EQUILIBRIUM POSITION AND DYNAMIC RESPONSE 

*COMM     CALCULATED BY OFFPIPE 

*COMM 

*COMM   - 3-D PIPE SUPPORT AND STINGER ELEMENT PROPERTIES SPECIFIED 

*COMM 

*COMM   - DRAG AND ADDED MASS COEFFICIENTS GIVEN FOR PIPE AND STINGER 

*COMM 

*COMM   - 3-D CURRENT PROFILE AND SOIL FRICTION COEFFICIENT SPECIFIED 

*COMM 

*COMM   - 3-D SLOPING SEABED MODEL USED 

*COMM 

*COMM   - INTEGRATION TIME STEP LENGTH, SAMPLING TIME STEP, AND 

*COMM     INTEGRATION START AND STOP TIMES SPECIFIED 

*COMM 

*COMM   - REGULAR WAVE HEIGHT, WAVE PERIOD AND WAVE DIRECTION SPECIFIED 

*COMM 

*COMM   - BARGE RAO'S GIVEN FOR REGULAR WAVE PERIOD AND HEADING 

*COMM 

*COMM   - PIPE TENSION ON BARGE SPECIFIED WITH +/- 10 KIP DEADBAND 

*COMM 

*COMM   - PLOTS SHOW TIME HISTORY OF PIPE DISPLACEMENTS AND RESULTING 

*COMM     STRESSES, VARIATION OF PIPE PROFILE, AND MAXIMUM VALUE, MINIMUM 

*COMM     VALUE AND RANGE OF TOTAL PIPE STRESS 

*COMM 

*COMM   - DYNAMIC OUTPUT TABLES AND PLOT DATA TABLES REQUESTED 

*COMM 

*COMM **************************************************************** 

*COMM ******************** PROBLEM HEADING DATA ********************** 

*COMM **************************************************************** 

*HEAD 

HEAD='EXAMPLE 7: 3-D DYNAMIC ANALYSIS, RIGID STINGER, REGULAR WAVE, BARGE RAOS', 

JOB='USERS GUIDE EXAMPLES', USER='R. C. MALAHY, JR.', UNIT=1 

*COMM **************************************************************** 

*COMM *********************** PLOTTING DATA ************************** 

*COMM **************************************************************** 

*HIST ROW=1, NUMB=1, NODE=15, 

TITL='TIME HISTORY OF VERT. BENDING STRESS - STERN SHOE', 

ABSL='Y COORD. OF PIPE AT STERN SHOE', ORDL='SOLUTION TIME', ORDI=2 

*HIST ROW=2, NUMB=1, NODE=15, 

TITL='TIME HISTORY OF VERT. BENDING STRESS - STERN SHOE', 

ABSL='VERTICAL PIPE BENDING STRESS', ORDL='SOLUTION TIME', ORDI=13 

*HIST ROW=3, NUMB=2, NODE=32, 

TITL='TIME HISTORY OF VERT. BENDING STRESS - STINGER TIP', 

ABSL='Y COORD. OF PIPE AT STINGER TIP', ORDL='SOLUTION TIME', ORDI=2 

*HIST ROW=4, NUMB=2, NODE=32, 

TITL='TIME HISTORY OF VERT. BENDING STRESS - STINGER TIP', 
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ABSL='VERTICAL PIPE BENDING STRESS', ORDL='SOLUTION TIME', ORDI=13 

*HIST ROW=5, NUMB=3, NODE=32, 

TITL='TIME HISTORY OF HORI. BENDING STRESS - STINGER TIP', 

ABSL='Z COORD. OF PIPE AT STINGER TIP', ORDL='SOLUTION TIME', ORDI=3 

*HIST ROW=6, NUMB=3, NODE=32, 

TITL='TIME HISTORY OF HORI. BENDING STRESS - STINGER TIP', 

ABSL='HORIZONTAL PIPE BENDING STRESS', ORDL='SOLUTION TIME', ORDI=16 

*PROF ROW=7, NUMB=4, TYPE=2, 

TITL='INSTANTANEOUS DYNAMIC PIPE ELEVATION PROFILE', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1, OMIN=-250, OMAX=25, AMIN=-400, AMAX=250 

*PROF ROW=8, NUMB=5, TYPE=1, 

TITL='PIPE ELEVATION PROFILE AND DYNAMIC STRESS RANGE', 

ORDL='PIPE ELEVATION OR Y COORDINATE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=2, ABSC=1 

*PROF ROW=9, NUMB=5, TYPE=3, 

TITL='PIPE ELEVATION PROFILE AND DYNAMIC STRESS RANGE', 

ORDL='TOTAL DYNAMIC PIPE STRESS RANGE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PROF ROW=10, NUMB=5, TYPE=4, 

TITL='PIPE ELEVATION PROFILE AND DYNAMIC STRESS RANGE', 

ORDL='TOTAL DYNAMIC PIPE STRESS RANGE', ABSL='PIPE HORIZONTAL X COORDINATE', 

ORDI=14, ABSC=1 

*PLTR TYPE=3, RANG=2 

*COMM **************************************************************** 

*COMM ********************** PRINTED OUTPUT ************************** 

*COMM **************************************************************** 

*PRIN STRA=0, STAT=1, SUMM=1, DYNA=1, RANG=1, TRAC=1, PLOT=1 

*COMM **************************************************************** 

*COMM *********************** PIPE TENSION *************************** 

*COMM **************************************************************** 

*TENS TENS=100, MINI=90, MAXI=110 

*COMM **************************************************************** 

*COMM ******************* PIPE AND COATING DATA ********************** 

*COMM **************************************************************** 

*PIPE ROW=1, DIAM=16, WALL=0.5, YIEL=52, CD=0.8, CM=1.0 

*COAT ROW=1, TCOR=0.09375, TCON=2, DCOR=120, DCON=190, LENG=40, FJNT=3, 

DJNT=120 

*COMM **************************************************************** 

*COMM ************************ BARGE DATA **************************** 

*COMM **************************************************************** 

*BARG NUMB=8, GEOM=1, DECK=16, TRIM=0.6, XROT=200, YROT=-16, ZROT=0, HEAD=2, 

ZOFF=-30 

TABL = (X,Y,SUPP,DAVI) 

290,   3, , 

250,   3,    2, 

210,   3,    2, 

170,   3, , 

130,   2.01, , 

 90,  -1.21, , 

 50,  -6.71, , 

 10, -14.5,  7, 

*SUPP ROW=7, TYPE=1, LENG=6 

*COMM **************************************************************** 

*COMM *********************** STINGER DATA *************************** 

*COMM **************************************************************** 

*STIN NUMB=9, GEOM=1, TYPE=3, XHIT=-3, YHIT=-20, XORG=-3, YORG=-20, ROTA=23 

TABL = (X,Y,SUPP,SECT,LENG) 

 -14.43,  4.644, , , 

 -44.22,  8.189, , , 

 -74.14, 10.333, , , 

-104.14, 11.073, , , 

-134.13, 10.407,   8, , 

-164.06,  8.336,   8, , 

-193.85,  4.864,   8, , 

-223.46,  0,       9, , 

-238.17, -2.951, 300, , 

*WEIG NUMB=9 

TABL = (WEIG,DISP) 
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41.25,  52.88 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

82.5,  105.75 

41.25,  52.88 

*BALL NUMB=9 

LIST = 7.97, 15.76, 15.76, 15.76, 15.76, 15.76, 15.76, 15.76, 7.88 

*SECT ROW=1, TYPE=1, VARE=22.5, DISP=52.4, CD=0.8, CM=1.0, HARE=22.5 

*SECT ROW=2, TYPE=2, VANG=90, VARE=22.5, DISP=52.4, CD=0.8, CM=1.0, HARE=22.5 

*SUPP ROW=8, TYPE=1, ANGL=15, INCL=0, OFFS=2.33 

*SUPP ROW=9, TYPE=1, ANGL=15, INCL=0, OFFS=2.67, LENG=6 

*COMM **************************************************************** 

*COMM ******************* SAGBEND PIPE SPAN DATA ********************* 

*COMM **************************************************************** 

*GEOM LENG=40, DEPT=300, XDEP=-700, ANGL=5, DIRE=45 

*SOIL FRIC=0.6 

*COMM **************************************************************** 

*COMM ******************** CURRENT PROFILE DATA ********************** 

*COMM **************************************************************** 

*CURR NUMB=3 

TABL = (DEPT,VELO,DIRE) 

  0, 3.5, -90 

200, 2.8, -90 

300, 0.5, -90 

*COMM **************************************************************** 

*COMM ***************** INTEGRATION TIME STEP DATA ******************* 

*COMM **************************************************************** 

*TIME STEP=0.2, STAR=60, STOP=70, SAMP=0.4 

*COMM **************************************************************** 

*COMM ********************** REGULAR WAVE DATA *********************** 

*COMM **************************************************************** 

*WAVE HEIG=6, PERI=10, DIRE=135 

*COMM **************************************************************** 

*COMM ************ LAYBARGE RAOS FOR SINGLE WAVE PERIOD ************** 

*COMM **************************************************************** 

*RESP SIGN=1, SRGM=.325, SWYM=.350, HEAM=.5, ROLM=.4, PITM=.5, YAWM=.225, 

SRGA=30, SWYA=90, HEAA=0, ROLA=90, PITA=90, YAWA=180 

*COMM **************************************************************** 

*COMM *********************** RUN NEXT CASE ************************** 

*COMM **************************************************************** 

*RUN 

*END 

*COMM **************************************************************** 

*COMM ************************ END OF DATA *************************** 

*COMM **************************************************************** 

  The next two HIST records are used to generate a similar time history plot in which the vertical 

bending stress at the stinger tip is superimposed on the global Y coordinate of the pipeline at the 

end of the stinger. The last two records are used to generate a time history plot of the horizontal 

bending stress at the stinger tip superimposed on the global Z coordinate of the pipeline. 

  Plot requests for two profile plots are entered using four consecutive PROF records. The first 

PROF record is used to request a single plot in which the instantaneous dynamic pipeline profiles, 

calculated for each time step at which the solution is sampled, are superimposed on a single plot. 

Note that the ranges of the horizontal and vertical axes have been specified explicitly, so only the 

part of the pipeline profile in the overbend will be plotted. 

  The last three PROF records are used to request a single plot in which the maximum and 

minimum dynamic total pipe stresses are superimposed on a plot of the pipeline profile. This plot 

will define the dynamic envelope of the total pipe stress. 

  The PRIN record has been used in the present example to print the Instantaneous Dynamic Pipe 
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Forces and Stresses . When this option is selected, the instantaneous values of the pipe node 

coordinates, internal forces, stresses and support reactions are printed by OFFPIPE each time step 

the dynamic solution is sampled. 

  Note that four other output options are also requested on the PRIN record. The options selected 

are the Static Pipe Coordinates, Forces and Stresses, the Static Solution Summary, the Dynamic 

Range of Pipe Forces and Stresses, and the Maximum Dynamic Pipe Forces and Stresses. These 

are the default output options normally printed by OFFPIPE in static and dynamic analyses. The 

PRIN record is not required to request these output options. However, if these options are desired, 

they must be selected when the PRIN record is used to print a nonstandard output option. 

  The static pipe tension and allowable range of the dynamic tension (the deadband) on the 

laybarge are specified on the TENS record. The tension deadband is defined by entering the 

minimum and maximum values of the dynamic pipe tension. If the pipe tension falls below its 

minimum value, the tensioner will take up pipe as needed to maintain the minimum tension. If the 

tension starts to exceed its maximum value, the tensioner will pay out pipe as necessary to ensure 

that the pipe tension does not go beyond its maximum value. 

  The added mass coefficient for the pipeline is specified on the PIPE record. The value entered 

(Cm=l.0) is equal to the default value that would be assigned by OFFPIPE if no value had been 

given. The added mass coefficient is used to calculate the hydrodynamic forces acting on the 

pipeline. 

  The added mass coefficient and displacement per-unit-length are specified for the two default 

element types used to construct the stinger model, on two SECT records. The value entered for the 

added mass coefficient (Cm=l.0) is equal to its default value. The displacement is used with the 

added mass coefficient to calculate the hydrodynamic forces acting on the stinger. 

  The present dynamic analysis is performed for a single, regular wave. The characteristics of this 

regular wave are entered using the WAVE record. The specified wave height (peak to trough) is 

6.0 feet. The wave period is 10.0 seconds. The wave approaches the laybarge, from the port bow 

quarter. The wave heading or direction of travel is 135 degrees. 

  The dynamic solution produced by OFFPIPE will be calculated in the time domain using 

numerical integration. The parameters controlling the numerical integration are specified on the 

TIME record. The time step length for the present analysis is 0.2 seconds or 1/50th of the wave 

period. The end time for the numerical integration is 70.0 seconds or 7.0 times the wave period. 

  The dynamic solution is sampled by OFFPIPE for the purpose of generating the printed output. 

This sampling begins 60.0 seconds after the start of the numerical integration, and continues for a 

period of 10.0 seconds or one complete wave cycle. The dynamic solution is sampled every 0.4 

seconds or once every two time steps. 

  The wave induced motions of the laybarge are defined by its response amplitude operators 

(RAOs). The laybarge RAOs for the regular wave period and direction are specified using the 

RESP record. The values of the response amplitude and phase angle are given for each of the six 

laybarge motions. The values entered use OFFPIPE's standard sign convention. 

7.7.2 Printed Output 

  The static solution obtained, for the present example, will not be discussed in this section 

because it is identical to the solution obtained in Example Problem 2. For a detailed discussion of 

the static solution refer to Section 7.2.2.  
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The results of the present dynamic analysis (the static solution has been omitted) are shown in 

Figure 7-21.  The values of the pipe node coordinates, internal forces, stresses and support 

reactions calculated for each time point used to sample the dynamic solution are given in the 

Instantaneous Dynamic Pipe Forces and Stresses (Because of the number of pages of output 

produced, the Instantaneous Dynamic Pipe Forces and Stresses are shown, in Figure 7-19, only for 

the first sampling time step.). 

  The dynamic range of each of these parameters during the sampling period is given in the 

Dynamic Range of Pipe Forces and Stresses. The maximum absolute value observed for each 

parameter during the sampling period is given in the Maximum Dynamic Pipe Forces and 

Stresses. 

  The values of all the above parameters are displayed in the standard, tabular output format used 

by OFFPIPE for both the static and dynamic solutions. This output format is described in Section 

5.2. 

  In the results given for the present analysis, the dynamic pipe stresses can be seen to be most 

significant near the stinger hitch, at the stinger tip, near the point of maximum stress in the 

sagbend, and at the touchdown point on the seabed. 

  The maximum dynamic pipe stress on the laybarge occurs at the stern shoe (node 15). The 

maximum value of the dynamic vertical bending stress at this point is 53.4 ksi. The corresponding 

maximum value of the dynamic horizontal bending stress is small (1.1 ksi), because the lateral 

displacements of the pipeline are restrained by the pipe supports on the laybarge and stinger. 

  The maximum dynamic value of the total pipe stress at the stern shoe is 56.9 ksi or 109.5 

percent of the specified minimum yield strength (SMYS) for the pipe steel. The dynamic range of 

the total pipe stress is 47.0 ksi or 90.5 percent of SMYS. Note that the dynamic range of the total 

pipe stress is 132 percent of the static value (35.6 ksi) at the stern shoe. 

  The maximum dynamic pipe stress on the stinger occurs at the first pipe support aft of the 

stinger hitch (node 18). The maximum dynamic value of the vertical bending stress at this point is 

53.7 ksi. The corresponding maximum dynamic value of the total pipe stress is 57.2 ksi, or 110.1 

percent of the SMYS. 

  The dynamic range of the total pipe stress at the first pipe support on the stinger is 42.5 ksi or 

81.8 percent of the SMYS. This is 115 percent of the static total pipe stress at the first pipe 

support. 

  The dynamic pipe stresses are significant near the stinger hitch, because of the relative motion 

between the laybarge and stinger. The vertical bending stress at the stinger hitch increases rapidly 

when the stinger rotates downward relative to the laybarge. This rotation forces the pipeline to 

bend hard over the two pipe supports immediately forward and aft of the stinger hitch. 

  The dynamic pipe stresses are also significant at the end of the stinger (node 32). The maximum 

dynamic value of the total pipe stress at the stinger tip is 47.5 ksi, or 91.4 percent of the SMYS. 

The dynamic range of the total pipe stress at the stinger tip is 37.8 ksi, or 72.8 percent of the 

SMYS. 

  Both the vertical and horizontal bending stresses contribute to the dynamic pipe stress at the end 

of the stinger. The maximum dynamic value of the vertical bending stress at the stinger tip is 39.6 

ksi. The corresponding maximum value of the horizontal bending stress is 21.3 ksi. The dynamic 

range of the vertical bending stress at the stinger tip is 35.6 ksi. The corresponding range of the 

horizontal bending stress is 20.0 ksi. 
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  The dynamic pipe stresses at the stinger tip are produced by the motions of the stinger. The 

stinger moves upward and/or downward in response to the heave motions of the stinger hitch and 

the wave forces acting on the stinger. When the stinger moves upward, the vertical bending stress 

increases at the end of the stinger because the pipe rides more heavily on the pipe support closest 

to the. stinger tip. When the stinger moves downward, the vertical bending stress decreases 

because the pipe tends to lift-off the last support. 

  The dynamic component of the horizontal bending stress at the stinger tip is produced by the 

lateral movements of the stinger. The wave induced roll, yaw and sway motions of the laybarge 

cause the stinger to move back and forth through the water in a “tail wagging'i motion. The 

dynamic component of the horizontal bending stress at the stinger tip is generated by the changing 

horizontal support reactions required to force the pipeline to follow the motions of the stinger. 

  Note that the magnitude of the horizontal pipe stress has been reduced significantly, in the 

present example, by the lateral freedom of movement provided by the pipe supports at the stinger 

tip. If this lateral freedom of movement is removed, the dynamic component of the horizontal 

bending stress at the stinger tip will increase by more than 50 percent. 

  In the sagbend, the dynamic pipe stresses are significantly smaller than the values calculated on 

the laybarge and stinger. The maximum dynamic value of the total pipe stress in the sagbend 

occurs at node 43 and has a value of 31.8 ksi. This is 61.1 percent of the SMYS. The maximum 

dynamic value of the vertical bending stress at node 43 is 29.0 ksi. The corresponding value of the 

maximum horizontal bending stress is much lower, only 3.6 ksi. 

  The dynamic range of the total pipe stress at node 43 is 11.2 ksi or 21.5 percent of the SMYS. 

The dynamic range of the vertical component of the bending stress is 11.3 ksi. The dynamic range 

of the horizontal bending stress is 4.1 ksi. The dynamic range of the total pipe stress at node 43 is 

43.1 percent of the static pipe stress at this point. 

  The dynamic pipe stresses are more significant in comparison to the static stresses at the 

touchdown point on the seabed. The maximum dynamic value of the total pipe stress at the 

touchdown point occurs at node 49 and has a value of 18.2 ksi. This is 35.1 percent of the SMYS. 

The maximum dynamic value of the vertical bending stress at this point is 10.5 ksi. The 

corresponding value of the maximum horizontal bending stress is 15.5 ksi. 

  The dynamic range of the total pipe stress at the touchdown point is 7.6 ksi or 14.7 percent of 

the SMYS. The dynamic range of the vertical bending stress at this point is 12.0 ksi. The 

corresponding dynamic range of the horizontal bending stress is 11.5 ksi. The dynamic range of 

the total pipe stress is 53 percent of the static total pipe stress at the touchdown point. Note that the 

dynamic range of the horizontal bending stress, which results from the sliding of the pipeline on 

the seabed, is comparable to the range of the vertical bending stress at the touchdown point. 

  The results of the present dynamic analysis indicate that the dynamic stresses contribute 

significantly to the stresses in the pipeline. At the stern shoe on the laybarge, the maximum 

combined static and dynamic pipe stress is 21.3 ksi, or 60 percent greater than the static stress 

alone. At the first pipe support on the stinger, the maximum combined static and dynamic pipe 

stress is 20.2 ksi, or 55 percent greater than the static stress alone. At pipe node 43, in the sagbend, 

the maximum combined static and dynamic stress is 5.8 ksi or 22 percent greater than the static 

stress alone. And, at the touchdown point, the maximum combined stress is 3.9 ksi, or 27 percent 

greater than the static stress alone. 

7.6.3 Plots 
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  The five time history and profile plots requested in the present example are shown in Figure 

7-22. The first three plots show the time histories of the vertical and horizontal bending stresses in 

the pipe at the stern of the laybarge and stinger tip. The stresses are plotted superimposed on the 

global Y or Z coordinates of the pipe nodes at which the stresses are calculated. 

  In the first plot, there is a clear, direct correlation between the vertical bending stress in the 

pipeline and the elevation of the stern shoe. This indicates that the dynamic value of the vertical 

bending stress at the stern shoe is dominated by static (position or geometry dependent) 

contributions rather than by dynamic (velocity or inertia dependent) effects. 

  A slight flattening of the stress curve can be seen near the point of minimum stress. This 

irregularity in an otherwise sinusoidal curve occurs because the pipeline briefly lifts off the stern 

shoe when the laybarge is at its lowest elevation. 

  In the second plot, there is a similar correlation between the vertical bending stress in the 

pipeline and the elevation of the stinger tip. This indicates that the dynamic vertical bending stress 

at the stinger tip is also dominated by static contributions. However, unlike the first plot, there is a 

small phase lag visible between the pipe stress and elevation curves. This phase lag is probably 

due to the inertial and hydrodynamic forces acting on the pipeline. 

  A small “notch” can be seen in the stress curve near the point of maximum stress. This “notch'l 

occurs because the pipeline briefly lifts off the pipe support immediately forward of the stinger tip 

when the stinger is at its maximum elevation. 

  In the third plot, there is still a clear correlation between the horizontal bending stress in the 

pipeline and the lateral position of the stinger tip. However, the pipe stress curve is now very 

irregular (rough), and there is a substantial phase shift between the pipe stress and position curves. 

  The pipe stress curve leads the lateral position curve by approximately 1.5 seconds. This phase 

shift indicates that the horizontal bending stress in the pipe at the stinger tip is dependent on both 

the lateral position and velocity of the stinger tip. The drag force which acts on the pipe as it is 

forced through the water by the motions of the stinger contributes significantly to the horizontal 

bending stress at the stinger tip. 

  The extreme roughness of the stress curve is due to the many intermittent roller contacts which 

occur as the pipe near the stinger tip slides from one side of the open, “U”-shaped pipe supports to 

the other. 

  In the fourth plot, the instantaneous pipeline profiles calculated for each sampling time step are 

superimposed in a single plot. The plot's range is restricted to the overbend and upper part of the 

sagbend by limits on the range of the horizontal (X) axis, specified on the PROF record. 

  This plot clearly shows that the vertical motions of the pipeline are greatest at the stern of the 

laybarge and the stinger tip. Near the midpoint of the stinger, there is a hydrodynamic “pivot” 

about which the stinger rotates in the vertical plane. 

  The vertical motion of the pipeline in the visible part of the sagbend also exhibits dynamic 

(inertial) effects as the motion extends well beyond the stinger tip. The presence of a harmonic 

“node'l near the midpoint of the sagbend indicates that the vertical motions of the pipeline in the 

sagbend include significant dynamic contributions. 

  The fifth and last plot shows the maximum and minimum dynamic values of the total pipe stress 

superimposed on the pipeline profile. The upper stress curve represents the maximum value of the 

total stress calculated at each pipe node for any point in the sampling time interval. The lower 

curve represents the minimum value of the total pipe stress. The difference between the two 
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curves is the dynamic stress range. 

  This curve clearly shows that the dynamic stress range is greatest at the stern of the laybarge, at 

the stinger tip and at the midpoint of the sagbend. The dynamic stresses at the stern of the laybarge 

and stinger tip are due to the laybarge and stinger motions discussed earlier. 

  The dynamic stresses in the sagbend are probably due mainly to quasi-static effects such as 

dynamic changes in the pipe tension. The dynamic stresses at the touchdown point are due both to 

quasi-static effects, such as the movement of the touchdown point caused by changes in the pipe 

tension, and to dynamic effects such as the lateral movement of the pipeline on the seabed. 
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Figure 7-21, The printed output file for Example Problem 7. 
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Figure 7-22a, The plots produced in Example Problem 7. 

 

Figure 7-22b, The plots produced in Example Problem 7. 
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Figure 7-22c, The plots produced in Example Problem 7. 

 

Figure 7-22d, The plots produced in Example Problem 7. 
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Figure 7-22e, The plots produced in Example Problem 7. 
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8.0 Example Davit Lift Analysis 

  In addition to performing pipelaying analyses, OFFPIPE also has the ability (with the inclusion 

of the required program module) to model davit lifts in which one or more davits or cranes, on the 

lift barge, are used to pick up or reposition a pipeline lying on the seabed. In this chapter, an 

example is given for a typical davit lift analysis performed using OFFPIPE. This example is based, 

in part, on the pipelaying problem considered in Section 7. The input data for the present example 

is summarized in Table 8. 1. 

Table 8.1, Input Data for Example Problem 1 

Pipe Diameter 

Wall Thickness 

Pipe Grade 

Wrap Coat Thickness 

Wrap Coat Density 

Concrete Thickness 

Concrete Density 

Field Joint Fill Density 

Number of Davits 

Davit Spacing 

Water Depth 

16.0 inches 

0.5 inches 

API 5LX-52 

3/32 inches 

120 lbs/ft3 

2.0 inches 

190 lbs/ft3 

120 lbs/ft3 

5 

70 feet 

300 feet 

8.1 Example Problem 1 

  In this example, a static, three dimensional analysis is performed for a conventional davit lift. 

Five davits, mounted on the deck of the lift barge, are used to raise the free end of a pipeline, lying 

on the seabed, to the water surface. Davit lifts of this type are frequently performed in the 

installation of pipeline risers, on fixed offshore platforms.  

In the type of davit lift considered in this example, the davit lines are attached to the pipeline 

while it is lying on the seabed, and the pipeline is then raised to the water surface by slowly 

reducing the lengths of the davit lines. This process is modeled, using OFFPIPE, by performing a 

series of static analyses in which the lengths of the davit lines are varied in such a way that the 

pipeline is raised to the water surface, in a series of discrete steps, which simulate the actual 

continuous process of lifting the pipeline. 

  In the present example, the davit lift is modeled by specifying the length of the davit line closest 

to the free end of the pipeline, and specifying the tensions in the remaining lines. Using this 

technique, the pipeline can be raised to the water surface by reducing the length of only the first 

davit line. OFFPIPE automatically determines the lengths of the remaining davit lines required to 

produce the specified line tensions. 

  The present example problem represents only one step in the series of discrete, static analyses 

required to model a complete davit lift. In this example, the free end of the pipeline is 6.0 feet 

above the water surface. This roughly corresponds to the maximum lift height for the davit lift 

considered in the present example. 

8.1.1 Input Data 

  The input data records used, for the present example, are discussed in this section. The records 
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are discussed in the order in which they are given in the input. The input data file, for the present 

example, is listed in Figure 8-1 and echoed in the Input Data Echo, shown in Figure 8-2. 

  The physical properties of the pipeline are entered using the PIPE and COAT records. In the 

present example, the only properties specified on the PIPE and COAT records are the diameter, 

wall thickness and yield stress for the pipeline, and the thickness and density of the pipe coatings. 

The values of other properties, such as the modulus of elasticity and pipe weight, are not specified 

in the input data. The values of these parameters will be calculated internally by OFFPIPE.  

The position of the lift barge and its davit configuration are specified using the BARG record. 

In the present example, the pipeline is supported beneath the lift barge by five davits mounted on 

the deck of the barge. The horizontal (X) coordinates and elevations (Y coordinates) of the davits, 

on the lift barge, are given explicitly on the BARG record. The coordinates of the davits are 

expressed in terms of the lift barge coordinate system (the point at which X=O) is placed at the 

end of the lift barge which is farthest from the free end of the pipeline. 

 

Figure 8-1, The input data file for Example Problem 8-1. 

  The lift barge trim angle and heading are set equal to zero, in the present example. The draft of 

the lift barge is such that the deck is 16 feet above the water surface. The lift barge is offset from 

its assumed initial position, which is directly above the pipeline right-of-way. The barge offset in 

the global X coordinate direction is -20.0 feet. The offset in the Z direction is 80 feet. The 

laybarge offset, in the X direction, is required to compensate for the movement of the free end of 

the pipeline, which occurs during the lift. When the pipeline is raised to the surface, its projected 

length in the X direction is reduced, and its free end moves in the negative X direction. 

  In addition to the five davit supported pipe nodes, five unsupported nodes are also defined using 

the BARG record. Four of these nodes are placed at the midpoints of the pipe spans between 

davits, to permit the pipe stresses to be calculated at these points. The remaining pipe node is used 

to define an unsupported, 40.0 foot pipe segment (cantilever) at the free end of the pipeline. This 
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unsupported segment extends beyond the point at which the first davit line is attached to the 

pipeline. 

  The davit lines are modeled, in the present example, using the true catenary davit cable (type 6) 

element. The length of the first davit line, and the line tensions in the remaining davits, are 

specified on the DAVI record. The length of the first davit line is set equal to 63.3 feet. The 

tension in each of the remaining davit lines is set equal to 6.4 kips. This line tension is 

approximately equal to the submerged weight of the unsupported pipe span between each pair of 

davits. 

  The water depth and pipe element length used, in the sagbend and on the seabed, are specified 

on the GEOM record. In the present example, the water depth is 300 feet, and the pipe element 

length is fixed at 40.0 feet. Estimates are also given, on the GEOM record, for the length of the 

unsupported pipe span, in the sagbend, and the length of the pipe segment lying on the seabed. 

These estimates can be generated internally by OFFPIPE. However, the internally generated 

estimates are often less accurate than estimates provided by the user, because the pipe tension in 

the sagbend is not known initially. The span length estimate used, in the present example, is 

simply a rough guess based on experience and the results of previous davit lift analyses. 

  The X coordinate of the free end of the pipeline, lying on the seabed, is also specified on the 

GEOM record. This X coordinate is expressed in terms of the global coordinate system (OFFPIPE 

assumes that the original position of the lift barge is its position before the specified heading, trim 

angle, and offsets are applied to the barge. When the lift barge is in its original position, the X-Z 

planes of the lift barge and global coordinate systems coincide. Thus, the X coordinate of the free 

end of the pipeline, entered on the GEOM record, actually defines its position in both the lift barge 

and global coordinate systems.), and defines the position of the lift barge relative to the free end of 

the pipeline. The position of the free end of the pipeline, in the present example, is chosen in such 

a way that the points at which the davit lines are attached to the pipeline (the davit slings) are 

directly beneath the davits, when the barge offsets, in the global X and Z directions, are equal to 

zero. It is assumed that the davit lines were initially dropped straight down, from the lift barge, 

and attached to the pipeline at the points directly beneath the davits. After the lines were attached, 

the lift barge was then moved to the position defined by the given offsets in the global X and Z 

directions. 

  The coefficient of friction for the seabed (Cf = 1.0) is specified using the SOIL record (The 

value given for the soil coefficient of friction (Cf = 1.0) is equal to the default value. The 

coefficient of friction is given explicitly, in this example, to illustrate the use of the SOIL record.). 

The SOIL record is not used, in the present example, to specify the soil stiffnesses. The default 

soil stiffness values assigned by OFFPIPE are considered suitable for the present example. 

8.1.2 Printed Output 

  The output printed by OFFPIPE, for the present example, is shown in Figure 8-2. This output is 

printed in three parts: 

1. An echo of the input data. 

2. The results of the present davit lift analysis, printed in the standard output table format used by 

OFFPIPE. 

3. A one (1) page summary of the input data and static solution. 

  Each section of the output is identified by a title which is printed directly beneath the standard 
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OFFPIPE page heading (See Figure 8-2). These section titles are underlined in the following 

discussion. 

  The Input Data Echo (item I above) provides a record of the input data used for the present 

example. The values of the input parameters are listed, in the input echo, exactly as they are given 

in the input data file. The parameter values are listed in a report format that includes the correct 

units and headings, which help to identify the input parameters. 

  The complete results of the davit lift analysis performed by OFFPIPE are presented, in a tabular 

format, in the Static Pipe Coordinates, Forces and Stresses (item 2). The results printed include the 

equilibrium coordinates of the pipe nodes, the calculated davit line tensions and line lengths, the 

internal forces in the pipeline at the nodes, and the calculated pipe stresses (or strains) at the 

nodes. 

  In the present example, the free end of the pipeline is 6.0 feet above the water surface, and 79.9 

feet from the center of the pipeline right-of-way (the point at which Z=0). The angle of the 

pipeline at the free end is 31.0 degrees, relative to the horizontal X-Z plane. The projected angle 

between the pipeline and the vertical X-Y plane is 3.9 degrees. 

  The maximum stress, in the davit supported section of the pipe\line, occurs at the davit 

supported node closest to the free end. The vertical bending stress at this point is 11.9 ksi. The 

corresponding horizontal bending stress is equal to zero. The maximum combined stress at this 

point (including the tensile and hoop stresses) is 15.2 ksi, or 29.3 percent of the specified 

minimum yield strength for the pipe steel. 

  The relatively high vertical bending stress, at the davit supported node closest to the free end of 

the pipeline, is due to the weight of the unsupported pipe segment at the free end. The increased 

weight of the pipe segment, which is partly above the water surface, also contributes to the 

relatively high stress at this point. 

  Note that the davit supported section of the pipeline is relatively straight, in the present analysis. 

The maximum variation in the angles of the pipe nodes is only approximately +1- 1.0 degree. The 

vertical bending stresses, in the davit supported section of the pipeline, are due primarily to the 

weight of the pipe spans between the davits. The davit supported section of the pipeline is 

relatively straight, because the davit line tensions are intentionally set equal to the weight of the 

pipe spans between davits. 

  The tension in the first davit line is 84.6 kips. The calculated length of the line is 63.31 feet. 

Note, that the calculated line length is slightly greater than the value given in the input data, 

because the line elongates under tension. The angle of the first davit line, relative to the horizontal 

X-Z plane (the water surface), is 30.7 degrees. The projected angle of the davit line, relative to the 

vertical X-Y plane, is 0.3 degrees. 

  The pipe tension, at the point of attachment of the first davit line, is 81.4 kips. This indicates 

that most of the tension, in the first davit line, is transferred directly to the pipeline. This should be 

expected because the similar vertical and horizontal angles, of the pipeline and davit line, indicate 

that the pipeline and davit line are almost parallel. The pipe tension increases to a maximum of 

89.0 kips at the last davit supported pipe node. 

  The lengths of davit lines 2 through 5 are calculated, by OFFPIPE, in such a way that the 

tension in each line is exactly equal to 6.4 kips. 

  In the sagbend, the maximum vertical bending stress, in the pipeline, occurs at node number 24 

and has a value of 22.6 ksi. The corresponding horizontal bending stress is negligible, only 0.06 
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ksi. The maximum combined stress at node 24 is 25.6 ksi, or 49.3 percent of the minimum 

specified yield strength of the pipe steel. 

  The length of the unsupported pipe span, from the last davit to the touchdown point on the 

seabed, is approximately 600 feet. The projected length of the pipe span, in the global X 

coordinate direction, is approximately 570 feet. The horizontal pipe tension on the seabed is 72.9 

kips. 

  The vertical bending stress in the pipeline is small, at the touchdown point, because the part of 

the pipeline lying on the seabed is almost undeformed, in the vertical plane. The horizontal 

bending stress, however, is relatively high because of the lateral, frictional force exerted on the 

pipeline by the soil. Approximately 120 feet of the pipeline is sliding on the seabed. The 

maximum horizontal bending stress, at the touchdown point, is 16.5 ksi. The corresponding 

combined stress is 19.5 ksi, or 37.5 percent of the specified minimum yield stress for the pipe 

steel. 

  Note, that the vertical and horizontal soil reactions are printed, in Figure 8-2, for the section of 

the pipeline lying on the seabed. Because there are no other available columns in the standard 

output tables, their values are printed (without separate column headings) below the davit line 

tensions and line lengths. 

  In the Static Solution Summary (item 3), the input data and results of the present davit lift 

analysis are summarized in a one page, 80 column format. The information presented includes the 

properties of the pipeline, a description of the lift barge, the sagbend characteristics, and a 

summary of the pipe node coordinates, davit line tensions, line lengths, and pipe stresses printed 

previously in the Static Pipe Coordinates, Forces and Stresses. 

  The Static Solution Summary also contains some information not printed elsewhere by 

OFFPIPE. Included with the Pipe Properties are the values of several parameters that have been 

calculated internally, by OFFPIPE, because they are not specified, in the present example, on the 

PIPE or COAT records. The parameters calculated or substituted by OFFPIPE include the weight, 

specific gravity, modulus of elasticity, crosssectional area, and moment of inertia of the pipeline. 
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