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RESPONSE
NUMBER

ORGANIZATION

MORISON
APPROACH

DIFFRACTION
APPROACH

FREQ. TIME

FREQ. [ TIME

TECNOMARE S.P.A.
Yenice, Italy

XX

PMB SYSTEMS ENGINEERING
San Francisco, CA, USA

XX

J. R. PAULLING, INC.

Point Richmond, CA, USA

(These programs also represent
similar capabilities resident
at the AMERICAN BUREAU OF
SHIPPING and SANTA FE
ENGINEERING SERVICES)

XX XX

XX
(See
Sec. 50
Vol II)

SCIENCE APPLICATIONS
Annapolis, MD, USA

XX XX

VERITAS TECHNICAL SERVICES, INC
Houston, TX, USA

XX XX

XX XX

ATKINS RESEARCH AND DEVELOPMENT
(W. S. ATKINS, Inc)
Epsom Surrey, England

XX XX

XX XX

LONDON CENTRE FOR MARINE
TECHNOLOGY
London, England

XX XX

XX

NMI, Ltd.
Feltham, Middlesex, England

XX XX

ULTRAMARINE ENGINEERING
Houston, TX, USA

XX XX

XX XX

10

BATTELLE PETROLEUM TECHNOLOGY
CENTER
Houston, TX, USA

NA NA

Riser Analysis

NA NA

11

VO OFFSHORE LIMITED
London, England

XX XX

12

NETHERLAND SHIP MODEL BASIN
Wageningen, The Netherlands

XX XX




MORISON DIFFRACTION
RESPONSE ORGANIZATION APPROACH APPROACH
NUMBER
FREQ. TIME FREQ. | TIME
13 SHELL DEVELOPMENT COMPANY XX XX
Houston, TX, USA
14 JOHN HALKYARD XX
San Diego, CA, USA
15 BROWN & ROOT, INC. XX XX
Houston, TX, USA
16 ROBERT T. HUDSPETH XX XX
Corvallis, OR, USA
A MCDONNELL DOUGLAS AUTOMATION
COMPANY XX XX
Saint Louis, MS, USA
B C. J. GARRISON XX XX
Pebble Beach, CA, USA
C JAMES R. MORGAN, TEXAS A &M
UNIVERSITY XX
College Station, TX, USA
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The following organizations provided responses which were inadequate to

facilitate preparation of matrices.
matrices when the opportunity was provided.

They also failed to fill in the
The non-responsiveness of these

organizations is interpreted to be primarily out of concern for the proprietary

nature of their programs.

Timited information which was supplied.

The capabilities indicated have been developed from

RESPONSE
NUMBER

ORGANIZATION

MORISON
APPROACH

DIFFRACTION
APPROACH

FREQ. TIME

FREQ.

TIME

DANISH HYDRAULIC INSTITUTE
Horsholm, Denmark

27

??

EARL AND WRIGHT
San Francisco, CA, USA

XX

XX

XX

RICHARD J. HARTMAN
Escondido, CA, USA

XX

LLOYD'S REGISTER OF SHIPPING
London, England

??

7

MCDERMOTT MARINE CONSTRUCTION
New Orleans, LA, USA

XX

NORWEGIAN HYDRODYNAMIC
LABORATORIES
Trondheim, Norway

XX

XX

STEVENS INSTITUTE OF TECHNOLOGY
Hoboken, NJ, USA

XX

BRIAN WATT ASSOCIATES
Houston, TX, USA

XX

XX

SWAN WOOSTER
Vancouver, B.C., Canada

27

YARD CONSULTING ENGINEERS
Glasgow, Scotland

XX

XX

FLOUR SUBSEA SERVICES
Irvine, CA, USA

XX

XX
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INTRODUCTION

In the Tlast decade, software has been developed by various
organizations to carry out analyses related to semisubmersibles and
tension leg platforms. These analyses, in particular, are to
determine or estimate current, wind and wave forces, platform
stabiiity and motion responses, mooring system requirements,
structural strength, and fatigue 1ife. The capabilities of various
software suites are widely ranged and it is not easy to choose the
most appropriate suite for a particular application. To alleviate
the problem, this volume of work is organized to compile the
capabilities of various software in the market place.

SOFTWARE CAPABILITIES SURVEY

Objective of the Survey

The objective of the survey on software for motion and structural

analysis of tension leg platforms and semisubmersibles was to collect

and compile worldwide information on those analytical tools which are

0 commercially available for sale or lease,

0 available through computer bureaus,

0 available to an 'engineering contractor whose services may be
retained for a design. '

This data was to be represented in an easy to understand and unified
basis. No attempt was made to evaluate or compare one software

against another since this was beyond the scope of this project.

Methodology and Organizations Contacted

Various organizations all over the world known to have software
capabilities related to design and amalysis of semisubmersibles and
tension leg platforms were contacted and were requested to supply:
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general information on their software,
theoretical manual or theoretical background,
user's manual,

availability (purchase, computer bureau, etc.),
software validation status.

[= 2 =T« B« B = |

The organizations contacted cover a wide spectrum of activities,
including research centers, academic institutions, engineering

‘consultants, and contractors. A 1list of various organizations with

their addresses and the name of the person contacted is given 1in
Table 2.7. As can be seen in the table, these organizations are
representative of eight countries, namely the USA, UK, Japan, the
Netherlands, Denmark, France, and Italy.

The response received from various organizations to the first request
for information varied significantly. It ranged from material which
included research theses, user's manuals, published papers, sales
brochures, etc, to a mere letter or telex. Some of the organizations
did not even respond.

Since standard universally accepted definitions are not in use for
most of the parameters included in the motion and structural analysis
of semisubmersibles and tension leg platforms and because some of the
information received was not complete, it was difficult to compile
and represent this data in a meaningful and easy to understand
manner. At this point it was decided to prepare a questionnaire to
request uniform information from various organizations. Details of
the questionnaire survey are presented in the following sections.

Questionnaire for Survey

As mentioned earlier, due to lack of uniformity of the responses from
various organizations, it was very difficult to represent their
capabilities in a meaningful way. To avoid reflecting the capabili-
ties of some software suites erroneously, it was decided to prepare
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a questionnaire which would generate a common base for the survey.

The wave force calculation, which is one of the most important
capabilities is customarily carried out basically by two well known
methods, Morison's equation and the diffraction theory. The
questionnaire is divided into two c¢lassifications, one based on
Morison's Equation and the other based on diffraction theory or
combination of diffraction theory, strip theory and Morison's
Equation. Furthermore, since the analysis can be carried out 1in
gither frequency domain or time domain; to reflect this aspect, the
questionnaire was further subgrouped to include these objectives.
Four sets of stand alone questionnaires were developed and are
designated below:

TABLE I Questionnaire for Frequency Domain Software Capabili-
ties {based on Morison's Equation)

TABLE II Questionnaire for Frequency Domain Software Capabili-
ties (based on Diffraction Theory or combination of
Diffraction Theory, Strip Theory and Morison's
Equation)

TABLE III Questionnaire for Time Domain Software Capabilities
(based on Morison's Equation)

TABLE 1V Questionnaire for Time Domain Software Capabilities
(based on Diffraction Theory or combination of
Diffraction Theory, Strip Theory and Morison's
Equation)

A sample blank questionnaire 1is included in this report for
reference. Also a definition of some of the terms included in the
questionnaire was sent to the participants to facilitate
understanding of the questions. This addendum to the questionnaire
is also included in this report.
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Elements of the Questionnaire

The sets of questionnaires were developed with the
considerations:

1. Environmental Forces

2. Equations of Motion (for Motion Response Calculation)
3. Environmental Description

4, Solution Techniques

5. Qutput

6. Mooring System Analysis

7. Stability (for floating platform) Analysis

8.  Structural Analysis

9, Riser Analysis

10. Software Verifications

11. Hardware System

12. Programming Language

13. Documentation

14, Support, Maintenance and Training

15. Accessibility and Business Terms

following

Items 1 and 3 indicated the capabilities in the following areas:

current profile and current force

wind profile, wind spectra, and wind (static and dynamic) force

wave statistics, theories, and sea spectra
first and second order wave forces

effect of orientation, geometries, and interaction with the wave

forces

Item 2 demonstrated the capabilities related to calculation of added
mass, damping coefficient, and stiffness in both frequency domain and

time

domain analysis. Item 4 summarized information related to rigid

bodies degrees of freedom, couplied degrees of freedom,
Tinearization, method of integration (Houbolt,

method of
Wilson-3,



\._AV_/".

i

R N R

ja—

0160X

Newmark-8,..}, method of handling transient, and type of matrix
solver, A software suite should always have the important
calculations printed out in an easy-to-read format. Thus in this
work, output (Item 5) was considered to be an important element
related to software capability. This element should be considered
for each independent analysis. In the prepared questionnaire, the
element of "output" appeared only for motion response and mooring
analysis; it is being left out for structural analysis since most of
the structural packages have a similar and standard output.

Mooring system analysis {(Item 6) capabilities cover the assumptions
and considerations of hydrodynamic and structural modelling for
specific mooring patterns. The questions related to stability
analysis (Item 7) are meant for floating and tethered platforms.
These questions will indicate whether the software suite can analyze
intact and damaged stability of the platform. Structural analysis
(Item 8) includes the capabilities related to loading and analysis.
The structural analysis suite usually performs both the space frame
analysis and the finite element method. The other capabilities may
include spectral analysis, modal analysis, and fatigue 1ife
analysis. The questions related to riser analysis (Item 9) include
hydrodynamic and structural modelling.

It is desirable to use a computer suite which fs verified. The
verification may be done by model testing, full scale testing,
checking against other established computer programs, comparing
against technical literature, hnand calculations, etc. Thus it was
decided to include questions related to software verifications (Item
10) at the end of questions related to motion response, mooring, and
riser analyses. The hardware system (Item 11) compatible to a
particular software may govern the selection of the software suite
for a specific task. The same thing can be said about the
programming language. It is a fact that it is very hard to use a
computer program without proper documentation. To use a new software
package, a training process always -helps the user to apply it
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effectively and efficiently. Also during the period of use, users
often encounter bugs and need help. Furthermore, & software package
should always be updated to be in line with development of the
state-of-the-art, to make it more user friendly, and to meet the
changing requirements of users. During development of the sets of
questionnaire, due attention was given to include questions related
to hardware system (Item 11}, programming language (Item 12},
documentation {Item 13), support, maintenance, and training {Item 14).

Finally, persons who are in charge of making purchasing or leasing
decisions with respect to a particular software package should be
familiar with the price and accessibility of the package. To
accomplish this, Item 14, "Accessibility and Business Terms" was also
included at the end of each set of questionnaires.

Organizations Selected for Questionnaire Survey

Based on the responses to the first request for information, it was
felt that some of the organizations either do not have the software
capabilities or do not desire to participate 1in the survey.
Organizations such as Doris (France), and Mitsubishi (Japan) belong
to the group who may not have the capabilities. Global Marine,
McDermott, and Santa Fe did not seem eager to respond. The letter
from Prof. C.H. Kim of Stevens Institute of Technology indicated that
they have bits and pieces of software capabilities to determine the
motion response of semisubmersibles, but they cannot be readily
used. Lloyds and Yard of UK make their capabilities available only
on a consulting basis. Texas A&M, Massachusetts Institute of
Technology (MIT), Frank Chou and Associates (FCA), and Swan Wooster
Engineers (SWE) did not respond at all.

A1l of the above organizations except for the last three, MIT, FCA
and SWE were not selected for the second questionnaire survey and
accordingly the gquestionnaire was not sent to them.
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TABLE 2.1
Name and Addresses of the Organizations Contacted

AMERICAN BUREAU OF SHIPPING
Sixty-five Broadway
New York, N.Y. 10006
Attn: Mr, Donald Liu

ATTKINS RESEARCH AND DEVELOPMENT
Woodcote Grove Ashley Road

Epsom Surrey KT18 5BW England
Attn: Mr, Izatt

BATTELLE PETROLEUM TECHNOLOGY CENTER
1100 Rankin Road

Houston, Texas 77073

Attn: Dr. 0lson

BROWN & ROQT, INC.
Marine Division

P.0. Box 4302
Houston, Texas 77210

- Attn: Dr. A. Mangiavacchi

FRANK CHOU & ASSOCIATES

2825 Wilcrest Drive #172

Houston, Texas 77084
Attn: Dr, F.C. Chou

PROF. C. CHRYSSOSTOMIDIS
Massachusetts Institute of Technology
77 Massachusetts Avenue

Cambridge, Maryland 02139

Attn: Prof, C. Chryssostomidis

PROF. JIN S. CHUNG
Colorado School of Mines
Golden, Colorado 80401
Attn: Prof. Jin S. Chung

DANISH HYDRAULIC INSTITUTE
Agern Alle' 5

DK-2970 Horsholm
Copenhagen Denmark

Attn: Dr. Lundgren

0160X
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DEPARTMENT OF CIVIL AND OCEAN ENGIMEERING

Stevens Institute of Technology
Castle Point

Hoboken, New Jersey 07030

Attn: Prof. C.H. Kim

DORIS
France

EARL AND WRIGHT

One Market Plaza

Spear Street Tower _
San Fransisco, California 94703
Attn: Dr., Bennett

FLUOR SUBSEA SERVICES, INC.
3333 Michelson Drive
Irvine, California 92730
Attn: Mr. J. Lien

FRIEDE AND GOLDMAN, LTD.

935 Gravier Street

Suite 2100

New Orleans, Louisiana 70112

C.J. GARRISON & ASSOCIATES
3088 Hacienda Drive

Pebble Beach, California 93953
Attn: Dr. C. J. Garrison

GLOBAL MARINE DEVELOPMENT, INC.
P.0. Box 3010

Newport Beach, California 92663
Attn: Dr. N. Daoud

JOHN HALKYARD

Qcean Engineering Consultant
2949 Epaulette

San Diago, California 92123
Attn: Mr. J. Halkyard



TABLE 2.1 (Continued)

MR, RICHARD J. HARTMAN
Ocean Engineering

530 North Midway Drive
Escondido, California 92027
Attn: Mr. R. J. Hartman

PROF. ROBERT T. HUDSPETH

Oregon State University
Department of Civil Engineering
Corvallis, Oregon 97331-2302
Attn: Prof. Robert T. Hudspeth

LLOYD's REGISTER OF SHIPPING
71 Fenchurch Street

London, EC3M 4B5

Attn: Mr. S.H. Atkinson

LOCKHEED OFFSHORE SYSTEMS
AND SERVICES

1214 Oakmead Parkway
Sunnyvale, California 94086
Attn: Mr, Nikkel

LONDON CENTRE FOR MARINE TECHNOLOGY

Imperial College of Science and
Technology

Department of Civil Engineering

Imperial College Road

London SW7 2BU

England

Attn: Dr. M, Patel

McDERMOTT MARINE CONSTRUCTION
Research and Development

1010 Cannon Street

P.0. Box 650035

Mew Orleans, Louisiana 70160
Attn: Mr, L.A. Boston

McDONNEL DOUGLAS AUTOMATION COMPANY
Box 516

Saint Louis, Missouri §3166

Attn: Mr. Kappus

0160X

MITSUBISHI HEAVY INDUSTRIES AMERICA, IMC.
2 Houston Center, Suite 3800

Houston, Texas 77010-1072

Attn: Mr, S. Sasago

NETHERLANDS SHIP MODEL BASIN
Wageningen Laboratories: 2, Haagsteeg
P.0. Box 28, 6700 AA

Wageningen, Netherlands

Attn: Mr. Ir Tan Seng Gie

NMI LTD

Hydrodynamics Division
Feltham, Middlesex TW140LQ
England

Attn: Mr., Bowden

NORWEGIAN HYDRODYNAMIC LABORATORY
Hakon Hakonsons gt 34

N-7001 Trondheim Norway

Attn: Prof. Torum

J. RANDOLPH PAULLING INC.
P. 0. Box 278

Point Richmond, California 94807
Attn: Dr. J. R. Paulling

PIAB SYSTEMS ENGINEERING INC.
500 Sansome Street, Sufte 400
San Fransisco, California 94171
Attn: Dr, Litton

SANTA FE ENGINEERING SERVICES
505 South Main Street

P.0. Box 1401

Orange, California 92668
Attn: Dr. Bob Chou

1
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SCIENCE APPLICATIONS, INC.

134 Holiday Court

Suite 318

Annapolis, Maryland 21401
Attn: Dr, Salvesen

SHELL DEVELOPMENT COMPANY
Bellaire Research Center
P.0. Box 481

Houston, Texas 77001
Attn: Mr. Boye

SWAN WOOSTER ENGINEERING
1525 Rodson

TABLE 2.1 {Continued)

BRIAN WATT ASSOCIATES, INC.
2350 E. North Belt Drive
Suite 450

Houston, Texas 77032

Attn: Mr. Ay

YARD LTD.

Charing Cross Tower
Glasgow, G24PP
Scotland, U.K.

Attn: Mr, C. Edmonds

British Columbia, Canada U6G-ICS

TECNOMARE S.P.A.
2091 San Marco
30124 Venice Italy
Attn: Dr, Di Tella

TEXAS A&M UNIVERSITY

Department of Civil Engineering

College Station, Texas 77843
Attn: Prof. James R. Morgan

ULTRAMARINE EMGINEERING
4657 Briarpark

Suite 105

Houston, Texas 77042
Attn: Mr. Nachlinger

VERITAS TECHNICAL SERVICES

1325 South Dairy Ashford
Suite 300

Houston, Texas 77077
Attn: Mr. R. Borresen

Y0 OFFSHORE LIMITED
197 Knightsbridge
London SW 1RB England
Attn: Mr. Perrett

0160%

12
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Response From QOrganizations

Fifteen (16} out of the thirty-one (31} organizations who received
the questionnaire replied in time to be included in compiled form in
this report. Except for Danish Hydraulic Institute, every one of
them filled in the questionnaire. Danish Hydraulic Institute found
that the questionnaire format was not relevant for des¢ribing their
software capabilities. The reason being that their programs were
developed for more general use and exist as individual modules.
These modules are often pieced together into a package for analyzing
specific problems.

Most of the organizations have the capabilities of using both
Morison's equation and diffraction theory to calculate the wave
forces. Only three organizations, Battelle, Vicker's Offshore, and
P.M.B. Systems Engineering, Inc. have capabilities limited to using
Morison's equation, National Maritime Institute (NMI) of UK,
Netherlands Ship Model Basin (NSMB), and Brown & Root, Inc. have
their present capability restricted to use of diffraction theory.
Science Applications, Inc. uses a hybrid finite element method {HFEM)
in their package. The remaining organizations, Tecnomare, J.R.
Paulling, Inc., Det norske Veritas, W.S. Atkins, Universit& College
of London, and Ultramarine and R. T. Hudspeth of Oregon State
University have capabilities to use Morison's equation and/or
diffraction theory.

13
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SOFTWARE PACKAGES CAPABILITIES

Software packages of the participants in the survey perform various
tasks to analyze semisubmersibles and tension leg platforms. These
tasks are broadly classified as a) Wind and Current Forces, b) Wave
Forces and Motion Responses, c) Mooring Analysis, d) Riser Analysis,
and e) Structural Analysis. Various computer programs are grouped
according to these tasks and are summarized in Table 3-1.

Software Packages of Respondents

The software packages of sixteen respondents are purposely identifed
only by numerical numbers (1-16) and are briefly reviewed in the
following sections,

Synopsis of Response No. 1

This organization has software capabilities based on both Morison's
equation and diffraction theory. The Morison's formulation includes
relative velocity and current. The diffraction theory is based on
3-D source-sink distribution and as such interaction effects among
members are taken into consideration. Second order forces and
responses are taken into account in diffraction formulation only.

The program package incliudes both time and frequency domain
capabjlities. The Tinearization of Morison's equation is based on an
energy balance in one cycle of oscillation (Krylov and Bugoliov).

The software package includes also mooring, riser, and structural
analysis capabilities. Some of the modules in the package have been

verified against experimental data (1/55 scale),

The software suite is available based on Tease/consultancy basis.

14
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Synopsis of Response No, 2

The capability of this respondent is 1imited to time domain analysis
and their software suite is called INTRA-WACS 2. It uses Morison's
equation which has the relative velocity of structure, current and
wave particles in the drag term. The calculation of drift force in
this suite however, does not account for low frequency second order
waves. For the time domain solution, it uses the Newmark-B8 technique
for integration. It can analyze spread catenary mooring, catenary
mooring with lumped weight and vertical taut mooring and has the
capability of taking into account the mass of the mooring system in
the structural model. The riser system can be modelled as a mooring
system for analysis. In their suite, the structural analysis package
includes the capability of space frame analysis and also finite
element analysis. The 1library of finite elements dinclude beam,
plate, truss, strut, cable, and soil element. This suite is well
documented, provides support and training, and is compatible to IBM,
CDC and CRAY system. It is available for purchase at a price of
55,000,00 dollars.

Synopsis of Response No, 3

The suite offered by this respondent has the capability of using bot
Morison's equation and diffraction theory and 1is comprised of
computer programs EUREKA, CATMO, HYDRO3, SPLASHD, TDSIM6, STRAN, and
MLTPIP.

In the wave force calculation, the form of Morison's equation with
relative velocity of structure, current, and wave particle is used in
the analysis. For the suite with the Morison's formulation, the
second order wave forces are not accounted for. This suite uses
Runge Kutta fourth order technigues for integration in the time
domain solution and the transient is handled by a cosine ramp
function. Mooring pattern of spread catenary, vertical taut, and
slanted taut can be analyzed with this suite. The riser analysis

15
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capability is 1limited only to frequency domain.. The structural
analysis capability includes space frame analysis and finite element
analysis. The finite elements available in this package are beam,
plate, and stiffened plate.

This suite of program is well documented, supported, and is
compatible with IBM, CDC, Prime, and VAX. Some of the programs are
also suited for micro computer with CP/M system. It is available for
lease, purchase, and ¢n a consulting basis.

Synopsis of Response No. 4

The respondent has software capabilities which are limited to perform
motion response calculations in time domain and mooring analysis.
Their computer program suite does not have the capabilities of
performing a) stability analysis of semisubmersibles and tension leg
platforms, b) riser analysis, and ¢) structural analysis.

The motion response suite is based on a hybrid finite element
method. It takes into account the second order wave forces and the
various spectral formulations that are built in the program. This
program was compared with mode] tests and other published material.
The mooring analysis package is capable of analyzing either a spread
catenary mooring or vertical taut mooring with mass of the mooring
duly taken into account in the mooring model., This program was
verified by model test and by comparison with results obtained by
other softwares. This suite, as such, does not have any special
package for riser analysis.

This computer program suite is well documented, supported, and a
training program to get acquainted with the package is available. It
can be used in the IBM, CDC and VAX hardware system and is available
for lease, purchase, and on a consulting basis.

16
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Synopsis of Response No. 5

This particular respondent has the capability of using both Morison's
equation and diffraction theory and the suite of program is comprised
of SESTRA, WAMLOS, and POSTFRAME. The suite SESAMB0 is used for
frequency domain analysis. FENRIS and WAJFAC along with WAMLOS
perform the time domain analysis for motion response. The program
NV223 performs the stability analysis of semisubmersibles and tension
Jeg platforms., It uses Morison's equation with relative velocity of
structure and wave particles; while the diffraction theory capability
is based on 3D theory due to Faltinsen and Michelsen. It does not
take into account the low frequency second order wave forces. The
programs to perform motion response analysis in frequency domain were
verified by model tests, other software, and pubiished technical
1iterature,

According to the responses received from this particular organiza-
tion, this suite does not have the capability to perform either
mooring analysis or riser analysis.

SESAMBO is capable of performing space frame analysis and finite
element analysis. Its library of finite elements include beam,
shell, plate, cable, truss, bar, solid, and axisym.

A1l of the software are well documented, maintained, supported, and
training program for the users can be arranged. The frequency domain
programs can be used in IBM, YAX and UNIVAC system; while the time
domain programs can presently be used only in VAX and UNIVAC.

Synopsis of Response No, 6

The software suite of this respondent is known as AQWA suite. It is
capable of performing a) motion response calculation, b) mooring
analysis, ¢) riser analysis, d) stability analysis, and e) structural
analysis. The response from this participant indicates that they do

17
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not have the capability of using Morison's equation at present to
calculate wave forces; but this capability is being developed right
now and will be available in 1984-85. This particular program, when
developed, will use the Morison's equation formulation with relative
velocity of structure, current, and wave particles. The code based
on diffraction theory uses a three-dimensional  source-sink
distribution method. It does not take into account the second order
low frequency waves and uses a two stage predictor-corrector
technique for integration in the time domain solution . It is
verified against model test with a scale of 1:40, compared with other
software, and published results in technical Titerature.

The mooring analysis capability includes modelling of spread catenary
lines, catenary with Tumped weight, vertical taut line, and hawser
system. This module for mooring analysis was also verified against
model tests with a scale of 1:40 and 1:200, compared with other
software, and results published 1in technical literatures.
AQWA-suites do possess the capability of analyzing risers in
frequency domain,

The respondent is in the process of developing a structural analysis
package which will be able to perform space frame analysis and finite
element analysis. This package is expected to be available some time
in 1985,

The user's guide for all the programs are already developed and some
theoretical manuals are available, Al1 the programs are supported,
maintained and training programs for users is available. These
software can be used in IBM, CDC, prime computer, VAX, and ICL
system. Some of the programs can also be used in the IBM personal
computer. This suite of programs is available for lease, purchase,
and on consulting basis.

18
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Synopsis of Response No. 7

The capabilities of this suite are Timited to motion response
calculation, mooring analysis, riser analysis, and stability
analysis, It does not have any structural analysis package. This
suite can use either Morison's equation or diffraction theory for
first order wave force calculation, The questionnaire for time
domain capability based on diffraction theory was not returned by the
respondent and it is assumed here that such capability does not exist
in their software package. The form of Morison's equation with
relative velocity of structure and current is being used in the
package. Presently, this suite is not capable of taking into account
the second order low frequency wave forces. This capability is in
the process of being developed and is expected to be operational by
July 1984. This motion response analyisis package has been verified
by model test of scale 1:32, 1:64, 1:78, and 1:100, compared with
other software, and published data in the technical literature.

The mooring analysis package is capable df modelling spread catenary
lines and vertical taut lines with their mass being taken into
account. This suite also possess riser analysis capability in
frequency domain as well as in time domain.

This suite of programs are well documented with a user's guide and
some theoretical manuals. These programs can be used in IBM, CDC,

" prime computer, VAX, PDP11, and GEC 4790 and are available for lease,

purchase, and on consulting basis.

Synopsis of Response No. 8

The suite described by this respondent consists of NMISPM and NMIWAVE
and their capability is restricted to only motion response
calculation and mooring analysis. The wave force calculations are
based on a three dimensional source-sink distribution method and it
takes into account low frequency second order wave forces, The
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mooring analysis program can model spread catenary mooring and
vertical taut mooring lines and is capable of accounting for the mass
of the mooring Tine. Both the packages for motion response analysis
and mooring analysis were verified by model tests with a scale of
1:50, compared with other software, and published material.

The frequency domain analysis package is well documented with user's
guides and theoretical manuals the documentation for the time domain
analysis package is still lacking. This suite is well supported,
maintained, and training programs are scheduled for new users. The
packages of programs can be used in IBM, SEL (GOULD) and UNIVAC)
system and are accessible through the SIA bureau. It is available
for lease, purchase, and on consulting basis.

Synopsis of Response MNo. 9

This suite of program performs a) motion response calculation,
b) mooring analysis, c¢) riser analysis, and d) stability analysis.
This suite is known as OSCAR and does not have structural analysis
capabilities on its own. It is capable of applying Morison's
equation as well as diffraction theory to calculate the wave forces.
The code for Morison's equation uses a form with relative velocity of
structure and current; while the diffraction theory capability is
based on two-dimensional strip theory and three-dimensional
diffraction theory. It takes into account low frequency second order
wave forces. The mooring analysis package is capable of modelling
spread catenary mooring, catenary mooring with Tumped weight,
vertical taut mooring, and combination taut-buoy-catenary Ilines.
Both the motion response and mooring analyses packages are verified
by model test data, other software results, and published material.
This suite has riser analysis capability in both frequency and time
domain,

The programs belonging to the suite OSCAR are all well documented
with user's guides, the theoretical manuals being proprietory. The
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priprietor of this suite maintains, supports, and provides a training
program to the new users., OSCAR can be used in IBM, CDC, prime
computer, VAX, UNIVAC, and Data General system and are available for
lease, purchase and/or consulting basis.

Synopsis of Response No, 10

This suite consists of DWVSL and DWRSR. It is a very simple program
and was not developed to be a vessel design program. It was only
intended to generate reasonable RAOs (Response Amplitude Operators)
for semisubmersibles and tension leg platforms. Their capability is
1imited to motion response calculation, mooring, and riser analysis
in frequency domain. It is verified by model test results of scale
1:64 for tension leg platforms and was also compared with other
software., It can model a spread catenary line and a vertical taut
mooring line.

A1l the programs are supported, maintained, and training can be
arranged for new users. User's guide for each program can be
obtained, but theoretical manuals are not available. These programs
can be used in IBM, CDC, and VAX system. It can be purchased and the
respondant offers consultancy service.

Synopsis of Response No. 11

This suite is comprised of VODAS, VODYN, VORIS, VOCAS, VOPROC,
VOFRAME, VOHYDR, VORAN, VOSPEC, MAP, CABDYN, RANTIM, and LASS. It is
capable of performing a) motfon response calculation, b} mooring
analysis, ¢) riser analysis, d) stability analysis, and e) structural
analysis. In the motion response calculation, it is capable of using
the form of Morison's equation with relative velocity of structure,
current, and wave particles. It does not take into account the tow
frequency second order wave forces. This program is verified by 1:54
scaled model test data. The mooring analysis package can model
spread catenary mooring, catenary with lumped weight, and vertical

21



—

i’

i M

i

N
e

i

\&m/ \\w/ ’ \'\mv/ d .\W

3.1.12

0160X

taut mooring line. It can also analyze a riser both in frequency and
time domain. The mooring and riser analysis packages were checked
against other software.

Thne structural analysis package is capable of performing space frame
analysis and finite element analysis. The finite elements available
in this package are beam, plate, shell, and stiffened plate. It also
possesses a sub-structuring capability.

The programs belonging to this suite lack documentation, but are
supported and maintained. Training programs are arranged for new
users of this suite. This suite can be used in IBM, CDC, HP, and
Apple systems and are available for lease and on consultancy basis.

Synopsis of Response No. 12

This organization has software capabilities based on diffraction
theory both in time and frequency domain. Program DFFRAC is used to
evaluate first order wave loads and motions in regular waves. The
program is based on a.three-dimensional source distribution technique
to solve the Tinearized velocity potential problem.

The mean and Tow frequency second order wave excited forces and
moments are evaulated by programs DBDRIFT and DRIFTP based on the
results generated by the DIFFRAC program. Adaptions to the DRIFTP
allow the calculation of high frequency second order wave excited
forces/ moments as well,

Programs IMPRES] and IMPRES2 are used to compute time domain records
of first and second order wave loads for an arbitrary wave train,
The time domain simulation for computation of a structure's instan-
taneous motions and mooring forces due to irregular wave and other
environmental loads such as wind and current forces is performed by
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program MOORSIM. The output of this program consists of time series
of forces, platform motions, and mooring forces, including effects
due to mean and slowly varying wave drift forces.

The program packaée is used exclusively by the organization.
However, upon request, a lump sum quotation for calculation of a
certain design will be provided.

The programs DIFFRAC, DBDRIFT, and IMPRES1 will become available to
the offshore industry in the course of years 84-85 through the Dutch
Computer Centre ENR, PETTEN. An investigation is underway to make
these programs also available through a Computer Bureau in the USA.

This organization is equipped with a CDC CYBER 170-175 computer.
Purchase of a CRAY-1-S is also being considered.

The theoretical background and wuser's d{nstructions are fully
documented. Some of the programs in the package are verified against

experimental data.

Synopsis of Response Mo, 13

On the basis of the questionnaire filled in by the respondent number
13, it dis found that their capabilities are 1limited to motion
response calculatiuon, mooring ana1ysis,'and stability analysis to
some extent., The suite consists of frequency domain computer
programs MOSAS/TLP and time domain software MOPOP.

In the wave force calculation, it uses basic Morison's equation and
their response did not answer the questions related to program
verification. It calculates the platform response RAOs, response
time history, and the mooring Tine load RAOs, but the time history of
mooring 1ine loads is not an output.
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[t does not have the capabilities of riser analysis and structural
analysis. As far as the stability analysis capability is concerned,
it does not perform the damaged stability analysis. \User's gquides
are available but the theoretical manuals are Tacking.

This suite is supported but offers no training program for new users
and it can be used only in the UNIVAC system. The guestions related
to accessibility arrangement for leasing, purchasing, consulting,
etc., were not answered by the respondent.

Synopsis of Response No. 14

Only Table IV of the questionnaire set was returned by the respondent
and that too was incomplete. The names of the suite or the programs
were not supplied. Their capability appears to be very limited and
restricted to motion response calculation and mooring analysis. It
uses a simplified McCamy Fuchs model for columns and does not use
diffraction for pontoons and/or bracings. From the questionnaire,
returned by this respondent, it is very hard to list the output
quantities. This suite, probably, consists of many modules for use
in micro computers with a CP/M or MSDOS (IBM PC) system. Presently
the programs are used on a consultancy basis and it will be available
for purchase by the end of 1984.

Synopsis of Response No. 15

The suite offered by this respondent consists of WIND, WINDSPEC,
CURRENT, TENMOT, TENMOR, TENLOAD, DAMS, DAMSFE, FDRISER, and DWRSR.
It 1is capable of performing a) motion response calculation,
b) mooring analysis, ¢) riser analysis, d) stébi]ity analysis, and
e) structural analysis. It uses diffraction theory (20 and 3D) for
wave forces and takes into account low frequency second order wave
forces., The mooring and riser analysis can be performed by this
suite in both frequency and time domain. The package related to
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motion response and mooring analysis was verified with 1:40 scaled
model tests results., The riser analysis was checked against the
published material in API RP 24,

The stability analysis package can analyze a free floating as well as
a tethered platform. The suite offers full capability for structural
analysis which includes space frame analysis and finite element
analysis. Various finite elements available for use are beam, shell,
plate, stiffened plate, and solid. The software packages are all
well documented with user's guides and theoretical manuals, and are
also supported and maintained on a regular basis. These programs can
all be used in an IBM and CDC system; some of the packages can be
used in VAX as well. A1l the computer programs of this suite are
available for lease, purchase, and on consultancy basis.

Synopsis of Response No. 16

The respondent has software capabilities which are Timited to perform
motion response calculations of tension leg platforms and
semisubmersible., The software suite is capable of using Morison's
equation to calcuate the hydrodynamic loading for botn the frequency
domain and time domain analysis for motion response. It is also
capable of using the diffraction theory in the frequency domain
analysis. This program suite is not capable to perform a) floating
stability analysis, b) riser analysis and c) structural analysis.
Furthermore, 1it's mooring analysis capabilities are limited to
vertical taut mooring lines,

This suite of computer programs are provided with user's guide and

theoretical manuals, but it is not well maintained and no training
program to get acquainted with the package is available.
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Software Packages Of Three Non-Respondents

Three  software  packages developed by  three non-respondent
organizations, which were considered to have the capabilities of
analyzing semisubmersible and tension leg platforms, are also
reviewed in this work. It may be cautioned here that the reviews are
based on somewhat 1imited informations. The three organizations who
developed these softwares are McDonnel Douglas, C. J. Garrison &
Associates and Texas A&M University. These packages are identified
respectively by alphabets A, B and C.

Synopsis of Software Package A

This software package uses Morison's equation to calculate the wave
forces and 1s capable of calculating motion rasponses 1in both
frequency and time domain. It can also perform mooring analysis and
structural analysis, but probably, it is not capable of analyzing
riser and stability of floating vessel, It is well documented and
supported, can be used in IBM and VAX hardware system and is
available for lease, purchase and on a consulting basis.

Synopsis of Software Package B

This package uses diffraction theory and it i3 ccinprised of HYDRAL,
FREDA, NONTID, DRIFT and sometimes it is referred to as "MORA". The
materials, which were used to review this package, does not indicate
any capability based on Morison's eguation. It dis primariiy a
package to perform motion response analysis in frequency and time
domain. It does not indicate any capability related to riser
analysis, floating stability analysis and structural analysis., It is
available thru Boeing Computer Services and can also be purchased.
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Synopsis of Software Package C

This package was developed as a thesis work and is based on Morison's
equation. The package does not seem to be well documented and is
expected not to be user friendly. It is not supported and no
training program is available to users and is also not verified with
other softwares or model test data. The material, which was used to
review the package, is in a Ph,D. dissertation form. It does not
indicate any capability related to riser, structural and floating
stability analysis.

SUMMARY OF SOFTWARE CAPABILITIES

Based on the responses received from the organizations who were
requested to fill in the prepared set of questionnaires, a set of
summary tables showing the capabilities of various software suites
were prepared and are presented in Tables (1-1V). The names of the
organizations, who are the proprieters of the software suites were
not shown purposely in these tables and were identified only by
numerical numbers (1-16).

Three software packages developed by  three non-respondent
organizations, are reviewed in Section 3 and a separate summary
tables showing their capabilities are presented in Tables (IA - IVA).

The completed questionnaires, received from the "sixteen respondent
organizations are included in the Appendix I and are identified by
the assigned numerals. The questionnaire was alse filled for the
three non respondent organizations and are included in the ‘Appendix I
and are designated the assigned alphabets A, B and C.
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