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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,
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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



R

e

N

e

S

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



S

o

i’

R Mo

e

RN

3.1.4

0160X

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
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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

22



3.1.13

0160X

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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(based on Morison’s Equation)

NAVAL CIVIL ENGINEERING LABORATORY

REVIEW OF SEMISUBMERSIBLE AND TENSION LEG PLATFORM
ANALYSIS TECHNIQUES
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SUMMARY OF TIME COMAIN SOFTWARE CAPABILITIES
{based on diffraction theory or combination of diffraction theory,
strip theory, and Morison's Equation)
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TECNOMARE S.PA. - SCCIETA PER LO SWLUPPO DELLE TECNOLOGIE MARINE

BROWN & ROOT INC. ' Venezia, Aug. 29, 1883~
P.0.Box 4302 _

Building 29, Room 1021 o ' et e
HOUSTON, TEXAS 77210 ourrt, 2029/B3/UDA/PS/ eb

To the kind attention of Mr. Farmad Rajabf

Dear Sir,

This is our reply to your telex dated 9/8/83 relevant to your survey on

the computer programs available for motion and structural analysis of
tension leg platforms. '

Please find enclosed the computer procedures used in Tecnomare to design
tension leg platforms.

You will also find the answers to the questions you presented in your re
ferenced telex,

We hope you will find helpful information in our documents.
We -remain

Yours faithfully,
TECNOMARE S.p.A.

Y/ Rv/y/.

Vincenzo Di Tella
Manager, _
Technical Division

Encl: AUDA-REL-002 "Description of the procaedures used in Tecnomare to
design tension leg platforms”




PMB Systems Engineering InC.

Engineering Analysis, Structurai Design, Cffshore Engineering
500 Sansceme Strest, Suits 400

San Frangisco, California 24111 I (415) 986-4166

RCA TELEX 278058

April 24, 1984

Dr. F. Rajabi

BROWN & ROOT, INC.
P.0. BOX 1051
Houston, Texas 77251

Dear Dr. Rajabi:

Enclosed please find a copy of the ccmpleted
questionnaire(Table III). It describes the program
'INTRA-WACS2' based on the questions asked in the
questionnaire.

Thank you for giving us the opportunity to provide you with
~ this information . Look forward to hearing from you soon.

Sincerely,
PMB SYSTEMS ENGINEERING INC.

John Chang
Lead Senior Engineer

JIC/sw
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TELEX T BROWN " ROOT, HOISTON

| ATTN: DR. FARHAD RAJABI e

DATE: SEFTEMBER 13, 1923

THE PACKAGE WE SENT YO AUSUST 12, 1733 COVERS OUR SEMI-~
SUBMERZIBLE AMALYSIS CAPABILITIES. PLEASE REFER TO THIS

o FRCEAGE FOR YOUR INFORMATION.
REGARDS,

FodOHN CHANG

MAR EMIS HOL

-----

REPLY T THIS TELEX VIA RCH

JTime: 15::
Conmect Ti
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FROM: PME SYSTEMS ENGINEERING INC, N
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PMB Systems Engineering Inc.

£00 Sansome Street, Suite 400
San Francisco, California 94111 O (415) 986-4166
Telex 278058

August 12, 1983

BROWN & ROOT, INC.

P. 0. Box 4302
Building 29, Room 1021

Houston, Texas 77210

Attention: Mr. Farhad Rajabi
Gentlemen:

In response to your request for information regarding our TLP analysis
software, we can provide all requested information except for the
requestad manuals, which are proprietary.

Enclosed is a description of the INTRA-WACS 2 program which gives
general information on the program and applicability of the program to
other floating structures.

Concerhing validation status, most of the verification has entailed
compariseons with other analytical tools and with the theory. There
has been a very limited comparison against wave tank tests.

As to availability, the INTRA-WACS 2 enhancement package can be
purchased from PMB for a license fee of $55,000, but the licensee must
already have a license to the basic INTRA program which has to be
obtained from Shell 0il1 Company. The person to contact for specifics
is:

John McCarthy
Patents and Licenses,
Shell Qi1 Company
P. 0. Box 2099
Houston, Texas 77001
We hope you will find this information useful for your purpose.
Very truly yours,
PMB SYSTEMS ENGINEERING INC.
R. W, Litton
RWL :mjw

Encl.

{
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J. RANDOLPH PAULLING, INC.
NAVAL ARCSHITEST

P, C. Box 27&

Point Richmend, CA 94807

1 Mav 1984

Dr. Farhad Rajabi

Brown and Root Cevelopment, Inc.
F. O. Box 1051

Houston, Texas 77251

Re: Survey of pilatform software.

Dear Dr. Rajcbi:

I enclose the two survey forms for my programs SPLASHD and TOSIiMS
with a few minor corrections and additions. As | mentioned during ocur
telephone convarsation, these programs, which were the ones specifically
named by NCEL, comprise only g part of my software library intended for
the analysis of floating structures. [n order to aid vou in compieting your
s'urvey, I enclose g set of brief descriptions of the other procgrams which
include 2-D and 3-0 potential theory, structural analvysis and riser/mooring
member programs. A somewhatr sketchy and incomplete flow chart is
included which illustrates some of the program iinkages.,

In developing this library, | have followed the concept of modularity in
which a number of Program seaments have baen developed. edach of which .
possesses certain stand-clone capability and at the same time «can  be
linked to other program modules to provide enhanced capabiliry. As an
example, SPLASHD is capable of treating a platform censisting of slender
sparsely distributed cvlindrical mambers subject to a directional random
segway, If we wish 7o consider a plarform containing iarqge members,
e.q., the cerner columns of a TLP, plus slender bracing members, The

'hydrodynctmic properties of the "fat” members ¢an be computed by the 3-D

program HYDROQO3 and input to SPLASHD. The HYDRO3 computation takes
inte account the hydrodynamic interferencse berween members as weli es
the finite member size in relation to water depth and wave iength. The
addition of the smali member forces, the solution for he motion and the
Superposition of elementary soiutions s then accompiished within
SPLASHD.  If only far members are present. HYDRO3I containe the gtard
gione equation solving capability.

As @ second example of this extended interactive capability, both
SPLASHD and TDSIMS produce output files of element structural loads
which may be input to a FE strucrural analysis, A compiete structural
package: has been developed in coniunction with the firm of Structural
Software Deveiopment, Ine. in which SPLASHD orovides the loads input to
the FE program STRAN. A postprocessing module has been writren in
which computarions of cumuiative farique damane and both short and long
term extreme wvalue sTatistics are performed.

Structural loading outputs are obtained from HYDRO2 in the form of
lonqitudinal distributions of shears and bendina moments. pressure
distributions and caramaran Cross sfructure loads. HYDRO3 produces files



of pressure distributions.

The concept of meodularity is maintained within the individual proaram

structure as well. Most of the fundamental computations are performed by
subroutines which c¢an be modified or repiaced in order to infroduce a
different phenomenon or device, Examples are fthe proceduyres for

computing the wave properties in pogram TRSIME. In wusing this program
for floating platforms, it is more important To be able to represent the
random nafure of the wave properties by superposing elementary waves
than to have the detgiled internal structure of @ single component wave.
The superposition is accomplished in the streftched linear theory which, in
fact, is a kind of “one and one-half order" wave thecory. Should the
nead arise to have a detailed single component wave, the present
subroutine can be merely replaced by appropriate subroutines for another
wave tTheory. This subroutine is given a provision for placing the
required pressures, velecities and other properties in a COMMON bilack for
transmission to the cailing program.

Similar capabilities are contained in the programs for freating special
kinds of mooring or positionina systems. TOSIME, especially, is written
with a view towards adding subroutines for dynamic positioning or for tha
inciusion of specialized meorina sysfems vig tabie look-up functions in
which the force wversus displacement characterisrics might be computed
externaliy or obtained experimentatly.

I am engaged in a continuing preocess of progrom uparading which, at
present, includes comprehensive drift foerce computations and the addition

to TOSIME of =] convolytion inteqral capability of inciuding
fraquency~dependent forces. For some time, | have been developing
microcomputer praprocessing capabilities for data preparation and checking
and use g CP/M svystem as my own workstation. In view of the increasing

capabiiities of smail computers, however, | expect to have several of the
_proqrams running in microcompouter form in the future.

In general, ! have not attemotad to market the prcaraoms widely, but
rather [ prefer 1o wark on a close consulting basis with the individual
client. The program systems wnich have been delivered have usuaily

included cusftom feaftures, and in several cgses, at the client's request, the
programs have been wupdated and enhanced with new features after

delivery. About ten proaram systems, comprising some or all of the
modules, are in use atr present by oil companies, design firms and
shipyards. In addition to proaram delivery, | fregquently provide

compuTting sarvices on a consuiting basis.
If you should require any additienal information on Tthe proaram sysfems.

please do not hesitate fo contacrt me.

Very ftruiy yours,

<y D
<
L/-J. Randoipnh faulli

e
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J. RANDOLPH PAULLING, INC.
NAVAL ARCHITECT
119 CREsTVIEW DRIVE
ORINDA, CALIFORNIA 94583

J. Randoilph Paulling, Inc. offers a complete library of computer programs
intended for the static and dynamic analysis of floating offshore
sfructures of Virtually any geometry. The programs, in most cases, may
be run in either a stand-alone mode in order to perform simple analyses,
or they may be linked In order to perform more comprehensive analyses
of, e.g., structural responsa to random wave loading. The progroms are

listed beiow and more detailed descriptions are given In the following

pages.

EUREKA Ship and platform hydrostatics f:nd stability.

SPLASHD Quasi-linear frequency-domain  analysis of platform
response in reqgular or random waves.

TDSIMé Nonlinear time-domain analysis of platform response to

waves and/or current.

HYDRO2/CATMO  Strip-theory hydrodynamic analysis of wave forces,
moﬂon-de‘pendén‘r force coefficlents and motlons of

single or twin huil ships or platforms.

HYDRO3 Three-dimensional source-distribution program for
wave forces, motion-dependent force coefficients for
three-dimenslonal floating bodies with zero forward

speed.

MLTPIP Quasi-linear finite-element dynamic analysis of the
coupled response of the platform with one or more
vertical flexible pipe members representing risers or

TLP mooring members,



STRAN/SPLASHD

The
through a

progroms

Pouiling, Inc.

data preparation, prograom execution, rasult

of resuits In project report form.

individually or

legse or
can provide complete project analysis services,

Comprehensive finite alement structural package for

space-frame p jatform analysis. Inciudes loads
predictor, structural response, and long=term fatique
and axtreme event predictions for random sed

environment.

in total may be made available to clients

licensing arrangement. Aifternatively, J. Randoiph

including

interpretation and subm ission

J. RANDOLPH PAULLING, INC.
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EUREKA

This is a general purpose hydrostatics characteristics program which is

capable of treating a single hull ship, a catamaran, & tower structure or &

floating body consisting of a combination of several members of irregular

geometry.

The program is intended primarily for computing the fundamental

hydrostatic properties and transverse stability at large angles of heel of the
floating body. The following additional functions are included within the

range of capabilities:

(1)

(2)

(3)

(4

(5)

Damaged stability may be computed by designating
specified parts of the interior to be open to the sea.

Designated interior spaces may be specified to contain a
given quantity of ballast water, and its effeect will be

ineluded in the computation of stability.

A derrick force may be applied through a single or
multi-leg sling.

Wind heeling moment may be computed and compliance
with the ABS criterion checked.

Conventional hydrostatic properties and tank capacity
tables may be computed.

1 e . Bl ToeTH 1 — W U AT Y YT .-
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SPLASHD

This program utilizes linear wave and platform motion theory to compute
the rigid-body response of & floating space-frame type structure. The fluid
forces on members of the structure are computed by SPLASHD using a
modified form of the Morison formula with an equivaient linearized drag force.
The equivalent linearization requires that the solution for the platform motion
be accomplished by means of an iterative procedure., In addition to the
slender member forces which are computed internally by SPLASHD, a table of
frequency-dependent forces and coefficients may be input from an external
source in order to represent the hydrodynamic characteristics of non-slender
parts of the platform. Additional features of the program include:

(1) Moorings may be represented and these may include
slanted or vertical tension members and simple catenary

moorings.

(2) A number of standard wave spectra are built into the
program to represent random seas. These include the
pierson-Moskowitz, Bretschneider, Jonswap, ISSC and
Scott, unidirectional or directional with COS2 or COS4

spreading.

(3) Velocities, accelerations and relative vertical motion at a
series of locations within the platform may be computed.

(4) The resultant hydrodynamic and inertia loads on each
member may be computed and expressed in the form of
equivalent nodal foreces. These may then be used as
input to a finite element analysis of the platform

structure.

Jd. RANDOLPH PAULLING,

INC.,

———
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TDSIM6

This program performs a step-bDy-step numerical integration of the
equations of motion of the platform in order to produce a time history of
platform motion and mooring tensions. The following specific nonlinear
effects are inciuded:

(1) The complete nonlinear terms in the rotationai equations
of motion.

(2) Fluid forces computed on slender tubular members by a
modification of the Morison formula, taking into
consideration the combination of waves and currents, The
forces are computed for the instantaneous wetted length
of the member at the instantaneous position of wave and
member, , ’

(3) Mooring system forces are computed for large
displacements from the mean position. Vertical or slanted
tension members and simple catenary lines may be used,

A multi-component wave system may be input, The p'rogram contains a
printer plotting routine and produces output in a format which is easily
adaptable to graphics postprocessing.




HYDRO2/CATMO

These programs contain an adaptation of the Frank close fit procedure
for computing the wave and motion-dependent forces on & single or twin hull
configuration using the strip theory procedure. In addition to solving for the
platform motion response to waves, the distribution of hydrodynamic loads
along the length of the hull or hulls is computed, For a twin hull
eonfiguration, the forces and moments in the transverse connecting structure

may be computed.

This program may be used as a preprocessor to SPLASHD in order to
produce the table of frequency-dependent wave forces and motion—dependent
force coefficients for & part of the platform. An example would be a twin
hull semi-submersible. In this case, HYDRO2 would be used to compute the
inviseid fluid forces on the twin paraliel hulls, while the forces on the
platform columns and bracing members, as well &s the viscous drag forces on
the hulls, would be computed by the internal capabilities of SPLASHD.

I oANCIO PR PALILELING.

INC.,
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HYDRO3J

This program utilizes the Green's function method in solving for the
fluid forces and motions of a floating body in waves. The procedure is based
upon ideal fluid theory and is suitable for bodies whose cross-sectional
dimensions are large compared to the wave length of interest, resuiting in
appreciable distortion of the wave systems., A series of regular waves are
assumed to act upon the floating body and as a result, the body is set into
oscillatory motion, The following quantities are found, in addition to the

body motion, at each wave frequency.
(1) The incident wave forces and moments.
(2) ‘The diffraction wave foreces and moments.

(3} The added mass, damping and hydrostatic force
coefficient matrices.

"(4) The pressure distribution over the wetted surface of the

body.

. HYDRO3 may be used as a preprocessor to supply tables of frequency-
dependent wave forces and coefficient to SPLASHD. It is suitable for
treating such bodies or parts of bodies as barge hulls of low length to beam
ratio or vertical surface piercing columns of large diameter.

r Y N e T - T I TN Y
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MLTPIP

This program representis an extension of an earlier program
developed for the analysis of a single slender wvertical member such as a
riser pipe or the cold water pipe of an ocean thermai energy sysfem.
The current version is capabla of treating several pipe members
simultaneousiy and each may have different properties. Such members
might represent, for example, the mooring members or production risers

of a Tension Leg Platform.

A mathematical model is empioyed which solves for the coupled
dynamic response of the platform and pipe system to wave and current
axcitation, and it is this simultaneous coupled freatment of pipe and
platform dynamics which distinguishes MLTPIP from other riser programs.
The platform is considered to be a rigid body having six degrees of
motion freedom, with fivid forces acting upon it due to wave action and its
own motions, These forces are computed by standard linear ship or
platform motion theory, and several of the progrom described In the
present system may serve as such preprocessors. The pipes are assumed
tc be ottached to the platform at several arbitrary locations, and they
exert additional forces which depend on the platform motion, the pipe

motion and the properties of tha connection between pipe and piatform.

The pipe or pipes cré represanted by the finite-elament method
including provision for wvariation of the pipe tension, stiffness, dlometer,
weight and buoyancy along the length. The pipe finite element is a beam
element having both bending and axial stiffness and tension. Wave and
other fiuid forces on the pipe are represented by a wvariation of the
Morison formuia in which the wviscous drag Is replaced by on equivalent
llnear drag force. A current may act simultaneously with the waves and
wave-induced pipe motion, and the drag force is then assumed to depend
on the resuitant wvelocity due to these three effects. The method
'emp{oyed in computing the equivalent linear drag coefficient involves aon

iterative procedure which Is built into the program, requiring no user
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intervention.

The physical connections between the pilatform and pirpes, and
between the pipes and the seafloor, are modelled by elements which
inciude spring restraint and damping restraint, By specifying
appropriate valves for the coefficieants, it is possibie to accurataly model

such connecting members as ball Jeints and riser tensioners.

The output of the computation includes the following quantities, which

may be computed for either regular or random waves:

Motions in 6 DOF for the platform CG and for each node of the
pipes.

Forces between the platform and each pipe.
Forces between each pipe and the seafioor.
Stresses at the midlength of each pipe element.

Relative angular motion be'rween‘ptpe segments at hinges In the pipe.

13 P R P, e 2 Rl A % oA 8 4% B AR 3



PROGRAM STRAN

TITLE Struetural Analysis and Fatigue Calculations
' for Platforms Subject to Random Ses States

EKBYWORDS
Large capacity; linear elastic; finite element; fatigue analysis.

DESCRIPTION

STRAN is a large capacity, linear elastic, finite element analysis program for
the structural analysis of fixed base, tension leg and semisubmersible
platforms. STRAN has been developed to permit an analysis of the platform's
structure whose response or hydrodynamic loading has been determined using
the frequency domain analysis program SPLASHD. The structure geometry and
frequency dependent forces, as output by SPLASHD, are input to STRAN for
the structural analysis.

-

STRAN accepts frequency dependent force definitions at both node and
member locations. The force definitions are processed to produce frequency
dependent displacements and stresses. For a given‘wave spectrum these dis-
placements and stresses are integrated to yield response spectra and short-

term statisties.

STRAN contains a small lib_rary of linear elastic finite elements including
truss, beam, membrane and plate elements. A large capacity, active column
equation solution procedure which utilizes a pfofiie minimization technique has
been incorporated into the program. The ability to plot the structural model
and output quantities has also been included.

Fatigue damage calculations can be computed using a user supplied or

standardized S-N curve. Comblning several of these analyses using a wave
scatter diagram allows prediction of fatigue life.

evniIATIIOAI CABTWARE NEVELOPMENT. INC.
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APPLICATIONS

Stress and Fatigue Analysis of
- Pixed Base Platforms
- Semisubmersibles
- Tension Leg Platforms

MACHINE VERSIONS
IBM 370; PRIME; VAX
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J. RANDOLPH PAULLING. INC.
NAVAL ARCHITECT
112 CRESTVIEW DRIVE
QRINDA, CALIFORNIA 94583

- 26 August 1983

Brown and Root, Inc.
Attn: Mr. Farhad Rajabi
Building 29, Room 1021
P. O. Box 4302
Housten, Texas 77210

Ref: Your TELEX 08/12/83
Dear Mr. Ralabl:

It iIs my understanding that NCEL has now supplied you with copies of the
theorefical and user's monuals for my programs EUREKA, SPLASHD and
TDSIM6, and the purpose of this letter is to supply partial answers fto
some of your other questions.

(1}  The programs are wholly owned by J. Randolph Paulling, Inc. and
are avgilable on a purchase or legse basis. Alternatively, 1 con provide
analysis services for clients on a specific project basis.

{2} I em enclesing a list of my publications on platform analysis, some of
which contain comparisons of experiment with theoretical predictions
obtained using these programs and their predecessors. Unfortunately, the
most recent and thorough testing of the programs has been conducted
using proprietary experimental data, and these comparisons have not been
released for publication.

(3} The programs are applicable to a wide variety of floating structures
in addition to TLPs, including moored or unmoored semisubmersibles. |
have developed other software suitable for ships, barges and flexible
members such as risers and moorings. In addition fo motions analysis, |
have the capability for a completely integrated motions, loads and
structural response analysis, Including cumulative fatigue and long term
extreme statistics.

If you have other questions concerning the programs and their
opplications, please feel free to contact me.

Very truly yours, ]
fvdbil- flot

J. chdoiph "Pautling



Recent Publications - JRP

syave Induced Forces and Motions of Tubular Structures,” Proceedings of 8th
Symposium on Naval Hydrodynamics, Office of Naval Research, ARC-179, August

19740,

"Analysis of the Tension Leg Stable Platform,” (with E. E. Horton), Offshore
Technology Conference Paper .No. OTC 1263, Houston, Texas, 1970. (Also
published in Society of Petroleum Engineers Journal, Sept. 1971, pp. 285-294.)

nOptimization of Stable -Platform . Characteristics,” 4th Annual Offshore
Technology Conference, Houston, Texas, May 1872, Paper OTC 1533 (with

Horton et al)

nglastic Response of Platform Structlures to Wave Loadings," BErgepgeding
International Symposium on Dynamics of Marine Vehicles and Structures in

Waves, University College London, April 1874,

nNumerical Methods of Ship Structural Analysis," Proceedings, International
Ship Structural Congress, (State-of-the-Art Report by committee chaired by
J. R. Paulling), M.LT. Cambridge, Massachusetts, 1976 (6th ISSC) Germanischer

Lloyd, Hemburg, 1873 (5th ISSC).

"Time Domain Simulation of Semisubmersible Platform Motion with Application
to the Tension-Leg Platform," Paper No. T6-2, Proceedings of Spring
Meeting/Star Symposium, SNAME, May 1977.

nAnalysis of Semisubmersible Catsmaran-Type Platforms,” (with (Y. S. Hong,
H. H Chen and S. G. Stiansen), Proceedings, Offshore Technology Conference,
~ Paper No. 0TC 2975, Houston, May 1977.

nyave Induced Forces on Ocean Structures,” Lecture Notes, Deep-See Gil
Production Structures, Continuing Education in Engineering, University
Extension and the College of Engineering, University of California, Berkeley,
30 pp., January 23-27, 1978, -

"Dynamic Analysis of Floating Structures,” Lecture Notes, Deep-Sea Qil
Production Structures, Continuing Education in Engineering, University
Extension and the College of Engineering, University of California, Berkeley,
29 pp., January 23-27, 1978.

nStructural Loads on Twin-Hull Semisubmersible Platforms,” (with (Y. S. Hong,
S. G. Stiansen and H. H. Chen), Proceedings, Offshore Technology Conference
Paper No. 0TC 3246, Houston, May 1378,

"Frequency Domain Analysis of OTEC CW Pipe and platform Dynamics,”
Proceedings, Offshore Technology Conference, Paper NO. 0TC 3543, Houston,
May 1979.

"Analytical Modelling of the Coupled Dynamics of the OTEC Cold Water Pipe
and Platform," DOE-NOAA Technical Workshop on Ocean Thermal Enerey
Conversion, CW Pipe Technology, January 1979.
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"The Response of Floating Platforms to Ocean Waves," Proceedings-of- the
Austrabtia Symposimm on_Ship: Technolozy, Royal Institute of Naval Architects,
Australian Branch, $-7 November 1979.

"An Equivalent Linear Representation of the Forces Exerted on the OTEC CW
Pipe by Combined Effects of Waves and Current,® Proceedings, Ocean
Engineering for OTEC OEDY9 ASME, New Orleans, LA, 3-7 Feb. 1980, pp.

21-28.

"Analysis and Design of the Cold-Water Pipe (CWP) for the OTEC System with

Application to OTEC-L," (with Allan T. Maris), Uaripe—Technolggy, Vol. 17,
No. 3, July 1880, pp. 281-284.

“Theory and User Manual for OTEC CW Pipe Programs,” Johns Hopkins
University/
Applied Physies Leboratory, Contract #N00024-78-C-5384, July 1980.

"The Response of Moored Floating Platforms to Ocean Waves," U.S. Naval Civil
Engineering Laboratory, Tech. Note 1604, March 1981,

"The Sensitivity of Predicted Loads and Responses of Floating Platforms to
Computational Methods,” Proceedings, Second International Symposium on
Integrity of Offshore Structures, Glasgow, Scotland, July 1981.

"Mathiev Instabilities in TLP Response,” Proceedines, OCcean Struetural
Dynemics Symposium 1982, Oregon State University, 1982.

"A Comparison of Stability Characteristics of Ships and Offshore Structures,”
Broceedings, Second International Conference on Stability of Ships and Ocean
Vehicles, Society of Naval Architects of Japan, Tokyo, 1982.

J. RANDOLPH PAULLING,

tNC.



9 April 1984

Or. F. Rajabi

Brown & Root Development, Inc.
P.0. Box 1051

Houston, Texas 77251

Dear Dr. Rajabi:
Enclosed are the forms with our remarks. I am sorry to have to say, but
your requests are starting to take considerable labor time. Therefore, we

would appreciate it if we could receive some information about the results
of this investigation.

Sincerely,
/0
(o 22l FCyre

Nils Salvesen
Manager, Ship Hydrodynamics

7
/
Ly

NS/djk

Enclosure

Science Applications, Inc. 124 Holiday Court, Suite 318, Annapalis, Maryland 21401, 1301} 266-0990: Wash., D.C.: (202} 261-8026

thar SA1 Qffices: Albuquerque. Ann Arbor, Arlington, Atlanta, Boston, Chicaga, Huntsviile, La Joiia, Los Angeles, McLean, Pato Alto, Santa Barara, Sunnyvate ans Tucsan,



22 September 1983

Dr. Farhad Rajabi
3 Brown & Root
£ P,0. Box 4302

Building 29, Room 1021
\ Houston, Texas 77210

Dear Dr. Rajabi:

} ‘ In reference to your telecopy of 15 September 1983 regarding computer
programs available for motion and structural analysis of semisubmersibles,
I would like to inform that the basic hybrid-finite-element method (HFEM)

} computer program which -is part of our TLP computer program system, is uni-

g versally applicable to any platform configuration.

‘) The HFEM program solves the fully three-dimensional Tinear and second-

order wave diffraction potential flow problem for any platform configuration.
The data computed by the HFEM progrma includes for six-degree-of-freedom

7 motions

® hydredynamic added mass
) ¢ wave~-radiation damping coefficient

9 linear wave exciting forces and moments
) e linear wave run-up along platform

_ ® acceleration and velocity for any fluid particle modified by the
) body diffraction

. displacement, velocity and acceleration for the six-degress-of-
freedom body motions

R

® second-order drift exciting forces and moments
) . second-order double~frequency "springing" exciting forces
) The method is applicable to deep water as well as finite depth.

We have a complete user's manual for the HFEM program:

ot

"A Hybrid-Finite-Element Method (HFEM) Program for Calculating Water
a : Wave Diffraction by Three-Dimensional Bodies,"” by Oick K. Yue

)

./) Science Applications, Inc. 134 Hatiday Court, Suite 318, Annepoiis, Maryland 21401, (301} 266-0990; Wash., D.C.: {202} 261-8026

Jther SAL icas: : ;
lecfs. Albuguerque, Ann Arbor, Arlingtan, Atlanta, Boston, Chicaga, Huntsviile, La Joila, Los Angelas, McLean, Palo Alto, Santa Barbars. Sunavvala ama Tu=can



Dr. Farhad Rajabi
22 September 1983
Page 2

SAI Report #463-82-333-LJ, December 1982.
For distribution of manual contact:

Dr. Nils Salvesen

134 Holiday Court, Suite 318

Annapolis, MD 21401

(301) 266-0990

This manual inciudes
. description of theoretical approach
] user's instruction
o‘ .nﬁmerica] examples
] verification and error estimates

39 The HFEM program is available under a nonexclusive license agreement between
the parties involved. :

We would appreciate it if you let us have a copy of your report of this

survey for the U.S. Naval Civil Engineering Laboratory since we Tike to have
a complete knowledge about any statements made about our computer capabilities.

Sincerely,

Wt Bl

Nils Salvesen
Manager, Ship Hydrodynamics

NS/djk
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15 August 1983

Mr. Farhad Rajabi

Brown and Root Development, Inc.
Building 29, Room 1021

P.0. Box 4302

Houston, Texas 77210

Dear Mr. Rajabi:

Enclosed is a General Information Document on "The SAI TLP Motion
and Load Computer Code System." This is in response to you 3 August request
for information concerning SAI's capabilities in predicting the responses
for TLPs. It is believed that our computer code system is probably one of
the most advanced and complete systems in existence today for predicting the
linear and nonlinear responses of TLPs. Please Tet us know if you need any
additional information or if you need copies of any of the SAI reports
referred to in the enclosed document.

Sincerely,

- ’ . 8!
o
/ ,_:_.74') f/
- {b/f(—/i CTTL LN A g -
—— "

Nils Salvesen
Manager, Ship Hydrodynamics Division

Enclaosure
NS/djk

Science Applications, Inc. 134 Holiday Caure, Suite 318, Annapalis, Maryland 21401, (301) 266-0980: Wash., D.C.: {202) 261-8026

- SA1 Qttices: Aibuquerque, Ann Arbor, Arlingtan, Atlanta, Boston, Chicage, Huntsville, La Jalia, Los Angeles, Mclean. Palo Alto, Santa Barpara, Sunnyvate, ana Tugsan.



VERITAS TECHNICAL SERVICES, INC.

A Subsidiary of Det norske Veritas

1325 SOUTH DAIRY ASHFORD, SUITE 300
HOUSTON, TEXAS 77077

(7131 5581733

TELEX: 166-376

April 24, 1984

Brown & Root Dev., Inc.

P.0. Box 1051

Houston, Texas 77251

Attention: Dr. F. Rajabi

Subject: Program Questionaires

Dear Dr. Rajabi:

Enclosed please find the questionaires Tables I-IV describing the features
of the SESAM' 80 system, except for the hydrostatie stability programs
{called NV223). Depending on the type of analysis to be performed, var-

ious modules will be used:

Table I: Frequency Domain/Morison

WAMLQS Wave loads and motion response
in regular waves.

PREFRAME Preprocessor for frame models.

PREFEM Preprocessor for plate & shell
models.

PRESEL ‘ Coupling of superelements.

SESTRA F. E. analysis of linear elastic
models.

POSTFRAME Postprocessor for frame models.,

POSTFEM Postprocessor for plate & shell

models.

—
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Letter to Dr. F. Rajabi
April 24, 1984
Page 2 )

Table IT: Frequency domain/Diffraction

Same as I. WAMLOS can utilize hybrid diffraction/Morison models.

Table III: Time domain/Morison

Under development. FENRIS is a general nonlinear F.E. program., ¥or wave
and current loading it will utilize a program called WAJAC.

Table IV: Time domain/Diffraction

Under development. The wave loading module will in this case be WAMLOS.

The pre- and postprocessors mentioned in Table I are coupled to FENRIS.

I hope this information was what you were looking for. Please call me or
Dr. Nils Sandsmark if you have any questions about the programs.

Yours very truly,

for VERITAS TECHNICAL SERVICES, INC.
KZZPV\ Eg¢rr7ﬂvt4k/\

Ron Borresen

RB:ss

Enclosures



Septormber 13, 1983 VERITAS TECHNICAL SERVICES, INC.
A Subsidiary of Det norske Veritas

Brown and Raoot, Inc. 16340 PARK 10 PLACE DAIVE

P. 0. Box 4302 :;?;?g‘r;sérsxas 77084
Building 29, Room 1021 TELEX: 775-491

FHouston, Texas 77210

Attn.: Farhad Rajabi

Subject: Computer Programs for TLP's.

1. General information

The programs available for analysis of tension leq platforms are generally
split into two categories:

Category I ¢ Motion response analysis programs.
Category 1I: Global and local structural analysis programs.

Motion Response Analysis Programs:

(I-1)  Nv1az7 : Dynamic analysis of tethered structures.

(I-2)  NV1461 (WAMLQS): Wave loads and motion response of compliant
structures.

(I-3) MQOSS] :  Time domain analysis of floating structures.

NV1427 may be used for linear and nonlinear analysis (time domain), The
program can handle wind forces fluctuating in time and slowly varying wave
drift forces. Viscous damping is accounted far. The waves wind and current
may come from arbitrary individual directions. The output is time histories
of motions, exciting forces and tether forces.

NV1461, or WAMLOS, is used for linear (frequency domain) motion analysis
of a compliant structure. 3D diffraction theory or Marison's formula may be
used for different members of the same model. Motion response and
second-order wave drift forces are calculated.

MOSSI has features similar to NV1427,

Global and LLocal Structural Analysis Programs:

(II-1)  SESAM 69 ¢ General finite element system.
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(II-2) SESAM 80 : General linear finite element system. De-
velopment of this system which will replace
SE.SAM 69 is almaost complete.

(1I-3) FENRIS : Nonlinear general finite element system
(nonlinear part of SESAM 80).

(Il.4) TUJIAP : Tubular joint analysis system (integrated
within SESAM 80)

(I1I-5) FANSY : Deterministic and probalistic fatigue analysis
system (intergrated within SESAM 80)

Some brochures describing the basic features of these programs are
enclosed.

Theory Manuals:

The theoretical background is generally explained (or referred to) in the
User's Manuals.

User's Manuals:

User's manuals for NV1461 and the various modules of the SEZSAM 69 and

SESAM 80 systems are available for pyrchase.

Availability:

NV1427 is developed by DnV, but so far it is not relased for external use.
NV1461, SESAM 69 and SESAM B0 are alsc owned by DnV, and these
programs are available for external use. FENRIS is a joint development of
several arganizations, of which DnV is one. DnV does have responsibility for
marketing of FENRIS,

MQOSSI is nat awned by DnV, but is available through leasing.

The programs NV1427 and NV1461 are presently running on VAX 750/780
computer systems, whilst the SESAM 69 and SESAM 80 programs are
available on several computer systems (Univag, IBM, CDC) through service
bureaus.



5.

6.

3.

Validation Status:

The programs for hydrodynamic leading and motion response are based on
program modules which has been used for a long time, and several
comparison studies using results from model tests and other programs have
been done. The SESAM 69 programs have also been extensively used for
more than a decade, whilst the new modules of the SESAM 80 programs are
all being thoroughly tested and validated before they are released. Exten-
sions to SESAM 80, under the TUJAP and FANSY projects are currently
under development.

Applicability to Other Structures:

The programs NV1427 and NV1461 have been developed for arbitrary
floating structures with catenary mooring systems, but they have been
modified to include TLLP's, so these programs are versatile.

The SESAM 69 and SESAM 80 programs are general purpose systems which
may be used for any kind of structure.

We hope this information will be helpful to you. Please contact us if you need
further information.

Yours sincerely,

Q—m gc”"’""""*’m‘

KRon Borresen

RB:nj

Enclosures:

e,
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. ATTENTION: OR. FARHAD RAJABI 2%l wiliidsY

FROM: STEVE IZATT. ATKINS R+D

\\ ’ N - .,
7 THAMK YOU FOR YOUR TELEX DATED 5/14/33.

5o I THINK THAT THE DOCUMENTATION SENT TO Yo oN TITH AUGUST AL COVERS
J OUR CAFARILITY FOR THE ANALYSIS AND DESIGN OF SEMI-~SUBMERSIBLES.
HOWEVER, IF YOU REQUIRE MORE DETAILED INFORMATION THEN PLEAZE D NOT

-

)
)
)

S’

HESITATE TO CONTACT ME.
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1+83) 83454
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Woodcote Grove Ashley Road
Epsom Surrey KT18 5BW England

Telephone Ensom 26140 (STD code: 037 27} Atkins

oo 26870 (a8, Atkins ) Research and Deveicpment
Telephone axt 2637

Yaur ref |

Our ref 08620.11/SJ1/hh Date  11th August 1983

Farhad Rajabi .
Brown & Root Houston
P.0. Box 4302

Building 29

Room 1021

Houston

Dear Mr. Rajabi,

Thank you for your telex dated 9/8/83 requesting information on our computer
software for the analysis of TLP's.

In view of your short timescale, I have tried to find available publications
describing our software capability rather than draw up a new portfolio.
However, the enclosed document describes the two most applicable programs

for stress and hydrodynamic analysis. I have also included a brief description
of the work which we carried out for the CONOCO, Hutton TLP project. I

should also point out that we have been involved is other similar projects
including the BP, Tethered Buoyant Platform project.

I hope that the information is sufficient, however if you need further details
please do not hesitate to contact me.

Yours sincerely,
For ATKINS RESEARCH AND DEVELOPMENT

Skl

S.J. TzZzatt

Encl.




e

e

R

-

London Centre for Marine Technology |

Uni\{ersity College London + Department of Mechanical Engineering
Torrington Place, London WCTE 7JE

Telex: 296273 Telephone; 01-387 7080 Ext. 579/822

30th. April 1984

Dr F Rajabi

Brown & Root Development Inc,
P 0 Box 1051

Houston

Texas T7257

USA

Dear Dr Rajabi

Thank you for your letter of 12th April together with the enclosed
questionnaires.

We have completed the questionnaires as requested. These are enclosed.

Yours sincerely

Jhe

Dr Minoo Patel x:}’.d o

I e
- P!
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cos Mr Bowden Feltham, Middlesex TW14 GLQ

Dr Dacunha i Tel: 01-977 0933. Telex: 263118
Brown & Root Development Inc. Your reference: ;
PO Box 1051 Qur reference:
Houston
Texas 77251 Date: 19 April 1984 .
usa :

P/No:

Attention: Dr F Rajabi

Dear Dr Rajabi

Computer Program Questionnaire

I enclose revised versions of your tables 2 and 4, supplied with vour letter

of 12 April 1984. Table 2 relates to our MMIWAVE program, and simply contains

a number of corrections to your earlier table. Table 4 relates to a new

program, which we have called MMISPM (for the time being). This is a time-
history simulation program which is attached to NMIWAVE, and derives hydrcdynamic
data from it, but then performs a time-domain analysis of moored vessels such

as single-point mooring systems.

I hope we have understood your requirements correctly. These were not always
entirely c¢lear, and we should be pleased to clarify our replies where necessary.
You will appraciate that we also had to complete these tables somewhat hurriedly
in order to meet your deadline, and therefore wers unable to make as many, or as
full ccmments as we might have wished.

I also hope to send you a completed table 3, relating to a new riser analysis
pregram. The staff member who knows most about this program is on leave until
26 April, and will deal with yvour questionnaire on his return.

Please let us know if we can help further.

Yours sincerely

ﬁ@u@@u

R G STANDING



‘lydrodynamics Division

@: 01.977 0933, Telex: 263118 AR MALL . Feltham, Middlesex TW14 0LQ
—
Brown & Root Inc. Your reference:
} ;giigin?gg ~ Our reference: BSB/RGS/ajd
Room 1021 Date: : 12 August 1983
" HOUSTON .
) Texas 77210,U0.5.A. PiNo:

Attention;Mr Farhad Rajabi

)} Dear Mr Rajabi

NMIWAVE

S

Thank you for your telex dated 9 August 1983, enquiring about computer
Y programs suitable for analysing tethered buoyant platforms in waves. We
A are pleased to enclose a number of leaflets and reports describing our

NMIWAVE program, which was intended specifically for this type of analysis,
é%; and has been validated experimentally for this purpose.

NMIWAVE is based on a mixture of 3-dimensional linear wave diffraction theory
_ and a linearised form of Morison's equation. It solves linearised response
} equations by frequency -~ domain methods, representing effects of tether
pre-tension and stifness. The theoretical backgreund and some of the
validation of this program are described in the enclosed Reports R74, R47 and
”) R59. A user manual for this original version of NMIWAVE is also enclosed.

This basic version is available for use at NMI or through the SIA computer
. bureau, or for purchase under licence. The purchase price would normally
) include installation ¢n your machine, a 2-day introductory course, demonstration
’ ©on your premises, and maintenance for a 3-year pericd. We should be pleased to
provide a purchass price and further details, if required.

i

We have made several additions and modifications to NMIWAVE since it was first
released in 1978. These later additions are currently only available at NMZI
on our in-house computer. We can arrange for you to have access to this machine

directly, or would be pleased to prepare the data for you. These later
additions include :

R

) - wave spectral superposition

- - modifications to drag linearisation so as to include

_ wave spectral and current effects

- extra viscous damping of resonant motions
3 - various additional printed outputs
n _ - plottings of structure and response transfer functions

j C - wave drift forces [mean and slowly]l- varying and low
. frequency response.




%

Qur new drift force programs are described in a series of reports summarised
in the enclosed issue of NMI News, and in the enclosad Report R.147.

The program has been used to analyse a wide variety of structures including
tension by platforms [for commercial clients and research investigations],
barges, tankers and other ships, jack-up rigs, semisubmersibles, floating storage
platforms, fixed gravity platforms and various fixed caissons and a moored
drill-ship.

These wversions of NMIWAVE ars all concerned with the overall wave loads on the
structure and its response. We alsc worked with BP and Atkins R & D go as

to link MMIWAVE with the ASAS structural analysis suite. Before we can give
details of the availability of this continued suite, however, we should need
to discuss the matter with BP and Atkins, who each own parts of the package.

I hope the above information is sufficient for your immediate purposes.
Please let me know_if you need further information. Technical engquiries should
be directed to Dr R.G. Standing [extension 5183).

Yours sincerely,

2 S

B.S. BOWDEN
Head of Hydrodymamics Division.

Encs:

N
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) 12.8.83 9.45

) ATTN: FARHAD RAJABLI — ;-?-/02-/

J
- REF: YOUR TELEX DATED 9 AUGUST 1983

, -
IN REPLY TO YOUR TELEX, OUR.CMPUTER PROGRAM NMIWAVE IS INTENDED

) FOR ANALYSIS OF TENSION LEG PLATFIR¥S IN WAVES. WE SHALL BE

) SENDING YOU FURTHER DET&ILS BY MalL.

-

) REGARDS

) R G sTavDINg
Nl LTD

*

L A MARINE HOU

N

e

263118 MARFEL G
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243118 MARFEL & 21.9.83 11.95HRS

ATTEMTION DR FARHAD RAJABI, BROWMN AND ROOT. HOUSTON

FRECOMs  NMI LTD. FELTHAM. MIODDLEZEZL, LUK

THANE YOL FOR YOUUR TELEX OF 14 ZEPTEMBER. THE NMIWAVE FPROGRAM
CESCRIBED IN IR EARLIER TELEX ANMD LETTER. AN ANALYIZE BOTH C
TLF AND SEMISUBMERSIBLE PLATFORMS. YOI SHOULD NOW HAVE THE
INFORMATION THAT YO REGUIRE.

N BV N

o~

FOEASE LET WS ENOW IF WE CAN HELF FURTHER.

R 3 STANDING
MMI LTO
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Petroleumn Technology Center

1100 Rankin Road

Houston, Texas 77073

(713} 821-9330
April 12, 1984 Telex 24-5454

Mr. Farhad Rajahi

Brown and Root Development, Inc.
P. Q. Box 1051

Houston, Texas 77251

Dear Farhad:

Referencing your 5 April letter regarding your NCEL vessel motion
survey, I have enclosed the data relative to Battelle's DWVSL
program. Your survey obviously is geared to programs with much
more capability than ours. I felt almost bad answering "no" to so
many questions. However, in the interest of completeness, [ offer
our contribution to your survey.

Please let me know if I can be of further assistance to YOou on
this matter.

Best Regards,
/{Vvt,.- [i- ’

Richard J. QTson
Principal Research Scientist

RJO/1dh

Enclosure
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Petraleum Technology Center

1100 Rankin Moed
Houstan, Texas 77073 P
(773 021-9339 a—
Tele 24-5454
- !
October 6, 1983 o : —————

Dr, Farhad Rajabt
Brown & Root

Bldg. 29, Room 1021
P. 0. Box 4302 {
Houston, Tx 77210

Dear Farhad: ' 7 {

In response to your tatex regarding motion and structural analysis computer
programs for semisubmersibles and TLP's, we supply the following information
concerning Battelle's program DWVSL:

1) General Information: The vessel motion program DWVSL, was (
written to generate responsa amplitude operators and phase }
angles for input into a marine riser analysis program. DWYSL
calculates the RAQ's for vessels coasisting of an assembly of
vertical coiumns and horizontal pontoons. The model 1is
extremely simple, requiring cnly the size, location and hydro-
dvnamic proserties of all members, global platform information,
and mooring parameters to calculate the RAG's for the vessel, {
The program wns not intended to be a vessel design program,
rather it was intended to supply approximate wotion
characteristic: of a vessel for a riser analysis progam suite, (

2)  Theoretical Background: There is no formal theoretical manual,
nor have any papers been written about this program. However,
the following ueneral information should give you some id2a a
about the progiam:

Assumptions - Drag and diffraction ignored {
Motions assumad small
Deep water Airy wave thaory
Moorings are linear elastic springs ;
Geometry is three dimensional, but response
calculated in two dimensions (direction of
wave propagation)

Approach ~ Equilibrium equations (3 d.o.f.) written for
structure including Tunped mass description
of vessel (vessel mass and radii of gyration (
at the c.g.), added mass due to wave load-
ing, hydrostatic stiffness due to immersion
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Dr. Farhad Rajabi
Brown & Root -2 Qctober 5, 1983

of members, linear spring mooring stiffness,
and applied wave loads due to horizontal
acceleration of the fluid (only components
of force in direction of wave propagation
retained in equilibrium equation). Motion
taken as siausoidal at frequency of incident
wave. '

Solutions - DWYSL calculates the coupled  natural
frequencies of the platform, wave forces and
moments, and platform motion response in the
direction of wave prapagation {surge, heaave
and pitch)., Reference point for motion can
be Tocated anywhere on the vessel.

3) User's Manual: Enclosed.

4)  Availability: DWYSL is nominally part of a Battelle marine
riser analysis program suite, DWRSR ($40,000). However, the
program can be purchased separately (source code) for $5,000.
Access to the program could be arranged on Battelle's computers
on a computer time plus royalty basis if desired.

5) Validation: Program DWVSL has been validated by comparison
with wave tank results and other computer programs, Figures A-
1 through A-2 show 2 compariscn for a TLP. Figures A-4 through
A-7 and Tables A-1 and A-2 show a comparison for a samisubmar-
sidle. For reference, programs compared against iaclude VOTBP,
NMI-WAVE, MOSAS, and NV407 from Vickars Offshore, MNational
Maritime Institute, Earl & Wright, and DnV respactively,

6) Applicability: DWYSL is only useful for pontoon and column
- type structures.

1 hope that this information is helpful in preparing your survey. I apalogize
for the delay in sending this informaticn off to you, but I have been out of
the country. If you have further questions about DWVSL, please do not hesi-
tate to call me at 821-9330,

Best)Regards, ,
i

Richard J. Olson
Principal Research Scientist

RdO:eb
Enclosures
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Offshore leitEd Egzdingé’ﬁ??igge Telephone 01-581-1393

England Teiex 8814702

r~ ) = Your Raf

For the attention of: Our Ref

VO/GRP/SB 596
Farhad Raiabi Esq
Brown & Root Inc.
P O Box 3

Houstaon
LTexas 77001 -

Date 4 November 1783

Dear Mr Rajabi,

Following your telex, reference 08/09/83 PV TLX 146299 concerning the survey
for the US Naval Civil Engineering Laboratory on computer programs for Motion
and Structural Analysis of Tension Leg and Semisubmersible plotforms, we enclose
the attoched information.

We opologlse for the delay in replying due to an internal mclhng problem and trust
the deta is still of value to you.

Should you require further information please do not hesitate to contact the undersigned.

Yours sincerely,

(ol

Groham R Perrett
Projects Director, London
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Dr. F. Rajabi

Brown & Root Development, Inc.

P.O. Box 1051
HOQUSTON, Texas 77251
U.S5.4,

1984-05-23

R L L S s e e i et k. - ———— . 1t

Dear Mr. Rajabi,

Maritime Research institute Netheriands

TWCTATELGR Lemnir agaewarn e

2. Haagsteeg: P.O Box 28

6700 2A ‘Mageringan. Tha Metherlanas
Telephone + 31 8370 19140, Telex 45148 nsmb nl
Bank: ABN Wageningen accountar. 53.93.39. 156

As promised we herewith send ycu the gquestionnaire
on software for TLP's and semi-~sumbersibles.

We only filled in Table IV and Table IT, kecause
Table I and Table III were not covered by our

programs.

We apologize for the delay in answering your

letter of 1984-04-09,

Yours sincerely,

MARITIME RESEARCH INSTITUTE NETHERLANDS

i )

Ir Tan Seng Gie

Head Ocean Engineering Division

Encl.: gquestionnaire

RHMH :bb
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1984-05~22 ' ' ;HRW
)

TO: BROWN AND ROOT DEVELOPMENT INC.. HOQUSTION

ATTN. : SHRIHESHEA
FROM: NEMB, W.C. DE BOOM
SUBJECT: GQUESTIANNAIRE COMPUTER PROGRAMS

YOUR LETTER DATED 1924-04-09

RE.: YOUIR TELECON DATED 1924-035-11.

{.

PLEASE BE ADWVISEDL THAT THE SUBJRECT RUESTIONNAIRE WILL BE MAILED

(EXPRESS DELIVERY) TODAY 19234-05-22.

WE APOLOGIZE FIR THE DFLAY IN ANSHERING YOLIR LETTER AND HOPE 4

THE INFORMATION WILL ARRIVE STILL IN TIMF IN YOUR QOFFICE. !

REGARDS, o
1

.) 45142 MISMB NL N

NNNN Q

MAY 22 Q7:37 {
]

144299 B R MAR ;
®

0240 O5/272

VIA TRT {
©

Times 0Q1:23 QS/22/84 7727 Qb

Caonnect Time @ 120 secands
;
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Mr., Farhad Rajabi

P.0. Box 4302

Building 29, Room 1021
HOUSTON, Texas 77210
U.S.A.

1983~09-20

Your ref.: Job charge XF-0030.

-.————-4-..-—_-——.-.———-—.-4—-———-...———-.-—-—«-——_

Dear Mr. Rajaki,

We herewith send you in twofold p

entitled:

Netherlands Ship Modet Basin

The Wageningen/Ede Laborateries of
Maritime Ressarch Institute Netherlands
(MARIN

Wageringen Laboraicnes: 2, Rzagsteaq;
P.O. 3ox 28, 5700 AA Waganingaen 7
Telephane + 31 8370 93911, Teiex 45148 nsmb at

Ede Laboratory: 10. Mieis Sonrstraat. 6716 AM Ede
Teiephone + 31 8380 37177 :

Bank:
ABN Wageningen account No. 53.53.39.156 (MARIN)

Commercial register Rotterdam Mo, 146201

. —— i ———— et s

ublication No. 400,

"Hydrodynamic aspects of semi-submersible platforms",

by
Dr.Ir. J.P. Hooft.

Yours sincerely,
NETHERLANDS SHIP MCDEL BASIN

Ir Tan Seng Gie
Head Ocean Engineering Division

Encl.: as mentioned akove
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Mr. Farhad Rajabi

P.O. Box 4302

Building 29, Room 1021
HOUSTON, Texas 77210
U.S.A.

1983-08-12

Your ref.: Job charge XF-0030.

Dear Mr. Raijabi,

Netherlands Ship Medel Basin

The Wageningen/Ede Laboratories of
Maritime Research Institute Netherlands
(MARIN)

Wageningen Laboratones: 2, Haagsteeg:
P.Q. Box 28, 6700 AA Wageningen
Tetephane + 31 8370 19140, Teiex 45148 nsmb ni

Ece Laboratory: 10, Niels Bohrstraat, 6718 AM Ede
Telephane + 31 8380 18115

Bank:
AN Wageningen accountnr, 53.93.39. 158 (MARIN)

Haw t2'2phone numbsr Wiganingen (z5arstorise
+31 3370 92991 ffrom 25 Do 1997)

- ——————————— — o — ———

We herewith send you the followinc documentation:

- Brochure MARIN;

- Brochure Computer Programmes for QOcean Engineering;

- OTC Paper 4487;

-~ OTC Paper 4074;

- MARIN Report No. 1l4;

— NSMB Publication N&. 510;
- NSMB Publication No. 650;
- NSMB Publication No. 6352.

Yours sincerely,
NETHERLANDS SHIP MODEL BASIN

Ir Tan Seng Gie
Head Ocean Engineering Division

Encl.: as mentioned above

WCdB:bb

i
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To: BROWNM AND ROOT, HIUSTON, ATTN. : OR. FARHALD RAJARI

FREOM: NETHERLANDE SHIF MODEL BASIN, W.o. LE EOOM

R

SUBIECT: SEMI-ZUER ANALYSIS CAPARILITY
YR TLX OF 1923-09-14

) R REF.: DIV OF

boOIM ANSWER TS YOUR TELEX OF 1933-09-14 W& CAN INFORM YO THAT THE
| COMFUTER PROGRAMS MENTIONED IN CUR TELEX REFLY TO YOUR EARLIER

_ ENGUIRY FOR IMFORMATION ABCGUT TLF ANALYSIS CAFARILITIES ASFLY

j ALED FOR ZEMI-SUBMERSIRLES,

THE -FROGRAMZ: DIFFRAC

Y LEBORIFT

_‘ DRIFTF
: IMPREZZ

-y
L

IMFRES

) MOORS M

. LANM ALEZD BE USED FOR SEMI-SUBMERSIBLES.
) CSEE OUR TELEX OF 1953-05-09 AND THE INFORMATION WE SENT
© YO ENCLOSED WITH GUR LETTER OF 1923-09-172).

IF WAVE FORCES AND WAVE IMDUCED LINEAR MOTIONS HAVE T BE COMFUTED
FOR A “ZLENDER” ZEMI-SUBMERZIBLE. FOR WHICH CAN-BE ASSUMED THAT

NO MUTAL INTERACTION BETWEEN COLUMMS EXISTS CAUSED BY GIFFRACTION
EFFECTS, AN ALTERMNATIVE LESS COSTLY PROGRAM CAN BE OFFEREL:

) THE FROGRAM ZEMI-ZUR.

", s
S

THE PROGRAM SEMI-SUR CALCULATES EXCITATION AND REACTION FORCER
) AMD THE RESULTING MOTIONS OF SEMI-SUBMERSINLES IN REGULAR WAVESD
. IN SHALLLOW DR DEEF WATER.

' - PROGRAM AVAILARILITY:
) SEE IR TELEX OF 1953-08-09,
FREZENT SITUATIOND PROGRAM RUN BY NSME 0N BASIS OF LUMPS SUM
ELOTATIONS,
) FROFOSED FOR 19243 PROGRAM WILL BE MALDE AVATILABLE THROUGH
- DUTCH COMPUTER CENTRE ENR.

) = FROGRAM S THEORETICAL BACKEROUND AND VALIDATION:
. ZEE THE BROCHURE WE ENCLOSED WITH OUR LETTER OF 1993-05-12,

- NZME PUBLICATION ESFECIALLY DEALING WITH THE PROGRAM SEMI-SUR
) 2 MAILED TO youd,

. 7 THE PROGRAM SEMI-SUBR DOES NOT OFFER ANY POSSIRILITY FOR
) CALCULATION OF MEAN AMD SLOW VARYING WAVE DRIET FORCES, IF



THAT INFORMATION IS REGUIRET (FOR MESTRN OF MOCRTNG SYSTEM
OR DYNAMIC FPOSITIOMIMG SYSTEM) THE FPROGRAM FACEAGE BAZED N
DIFFRAC AS DESCRIBED IM THE TELEY OF 1923-08-09% IS REQUIRED.

| WE HOFE THIZ TELEX AMND THE PUBLICATION MAILED INFORM YO
SUFFICIENTLY FOR THE TIME BEING.

BEST REGARDS,
451 43R NIMB NL
ClesaZPE B R OMAR

DZ4L OR/Z0

Via TRT

T

Tiame: O4:53

TEOQY/Z0050 ConT
Coanmect Ti

me 421 secaonds
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. 451420 NESMB NLMSG O8/AVG
) : 6
15933-023-12
') ATTN. : pR. FARHAD RAJAEI o ) o
FROM: NETHERLANDS SHIF MOIDEL BASIN. W.C. IE BOCM ,[
’ . . e iyt - ‘P
) SUBJECT: TLF ANALYSIS CAPABRILITY
YR TELEX OF 1933-02-0% o
) YR JOB CHARGE: XE—00Z0 ‘
MZMB REF.: DIV. 2P o
) [ —— . B R y——
WE HAVE PLEASIIRE 7O INFORM YOU BELOW ABOLT N.S.M.E. ‘3 COMPUTER &
\'j ANALYSIS CAPARILITIES FOR TLF-S: : \
1. FROGRAIM DESCRIPTION: @
A. PROGRAM DIFFRAC -
,) WAVE DIFFRACTION FROGRAM TO CALCULATE WAVE LOADS AND MOTION
‘ RESPONSES (FIRST ORDER) IN REGULAR WAVES. hid
THE PROGRAM IS5 BASED ON A THREE~-DIMENSTONAL SOURCE DOISTRI-
’ BUTION TECHNIGUE TO SOLVE THE LINEARIZELD VELOCITY FOTENTIAL
FROBLEM. o
B. PROGRAMS DRORIFT ANLD ORIFTP -
\) THESE PROGRAME COMPUTE, ON BASIS OF RESULTS GENERATELD
' BY THE PROGRAM DIFFRAC, THE MEAN AND LW FREGUENCY SECOND S
ORDER WAVE EXCITED FORCES AND MOMENTS.
(ADAFTATIONS TO THE FROGRAM DRIFTF ALLDW THE CALCULATION
)- OF HIGH FREQUENCY SECOND ORDER WAVE EXCITED FORCES/MOMENTS &
A% WELL).
_ . PROGRAMS IMPREZ 1 AND IMPRES 2 -
) THESE PROGRAMS COMPUTE TIME DOMAIN RECORDS 0OF FIRST ORDER o

AND SECOND CROER WAVE LOADS FOR A ARRITRARY WAVE TRAIN.
D. PROGRAM MODRSIM -
) TIME DIOMAIN SIMULATION FOR COMPUTATION OF INSTANTANEQUS o
/ STRUCTURE S MOTIONS AND MOORING FORCES DUE TO IRREGULAR
WAVES ANDI OTHER ENVIRIWMENTAL LOADS SUCH AS WIND AND CURRENT
FORCES, >

TIME TRACES OF TLF MUOTIONS AND TETHER FORCES, INCLUDTNG

) EFFECTS L[LE TO MEAN AND VARYING WAVE DRIFT FORCES, ORE g
) RESULTIMG FROM THESE COMPUTATIONS.
2. PROGRAM AVAILABILITY: e
) THE NZME COMPUTER PROGRAMS ARE RUN BY NSME CNLY. '
_ LFCN REGUEST NSME WILL PROVIDE A LUMP SUM QUOTATION FOR
Q CALCULATION OF A CERTAIN DESIGN CASE. THIS PROCEDURE IS ALDVAN- e
TAGECOLIS SINCE ALL NSMBYZ EXFERIENCE WILL EENEFIT THE EXECL-
) TION OF CALCULATIONS OF NEW FROJECTS,
&
‘ THE PROGRAMS DIFFRAC DELRIFT AND IMFRES I WILL BECOME AVAILARLE -
) FOR OFFSHORE INDUSTRY IN THE COURSE OF NEXT YEAR THROUGH -
g’ THE DUTCH COMFUTER CENTRE EMR, PETTEM, THE NETHERLANDS., THIS o

} L . TNI—S—S




COMPUTER CENTRE IZ EQUIFPED WITH A CDC CYBER 170-175 COMPUTER.

+ THE N=MB I35 INVESTIGATIMNG POSSIRILITIES TO MAKE THESE PROGRAMS
); ALSO AVAILABLE THROUGH A COMFUTER CENTRE IN THE U.S.A. WITHIN
A FEW YEARS.

)

«» FROGRAMS® THEORETICAL BACKGROUND AND VALIDATICHN:
THE THEORETICAL BALCKGROUND OF THE PROGRAMS IS DESCRIBED IN
A NUMBER OF NZMB FUBLICATIONZ AND TECHNICAL FAFERS.

THE APFLICATION FOR TLP“S IS DESCRIBED EXTEMSIVELY IN TWO
OTC PAPERS:S ‘
OTC PAPER NO. 4074. TAN, S.G. AND DE ROOM, W.C.: 7" THE WAVE
INDUCED MOTIOMS OF A TENSION LES PLATFORM IN DEEP WATER--.
PROC. THIRTHEENTH ANNUAL OFFSHORE TECHNOLIGY CONF.. HOUSTON
1931,

3TC PAPER NO. 4437. DE BOOMs W.C., PINKSTER, J.A. AND

TAN, S.G.: ““MOTIONS AND TETHER FORCE PREDICTION FOR A DEEP
WATER TENSION LEG PLATFORM’*, PROC. FIFTEENTH ANNUAL OFFSHORE
TECHNOLOGY CONF., HOUSTON 1933,

COPIES OF THESE TWI PAFERS AND OTHER RELEVANT NSME FUBLICATIONS
HAVE BEEM MAILED To YO,

THE TWD OTC PAPERS MENTIONED ABGVE SHOW THE CORRELATION BETWEEM

MODEL TEST MEASUREMENTS AND COMPUTER FREDICTIONS FOR A TLF. .

IN THE OTHER FUBLICATIONS FORWARLDED TO YOU CORRELATIONS BETWEEN
q' MODEL. TESTS AND COMPUTATIONS ARE SHOWN FOR OTHER AFPLICATIONS

OF THE PROGRAM (SEE NEXT ITEM).

4. THE ZET OF FROGRAMS DESCRIBED IN ITEM 1 IS ALSO AFPLICABRLE
FOR: .
~ TANFERS MOORED T2 A JETTY
— TANKEREZ IN SPREAD MOODRIMG SYSTEM
AND GENERALLY FOR ALL MIORED FLOATING STRUCTURES.

WE HOFE THIS TELEX AND THE PUBLICATIONS MAILED INFORM YOU
SUFFICIENTLY FOR THE TIME BEING.

IF YOU NEED MORE INFORMATION PLEASE OO NOT HESITATE To CONTALT
LIS

REGARDS,

4T14E0 NSHME NL
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Shell Development Company

A Oiviston of Sre Oil Company
Beflaire Research Center
P. C. Box 481
Houston, Texas 77001

3737 Bellaire Boulevard

May 30, 1884 Houston, Taxas 77025

Dr. F. Rajabi _
Brown & Root Development, Inc.
P. 0. Box 1051

Houston, TX 77251

Dear Dr. Rajabi:

Enclosed is Shell's response to your gurvey regarding available software
for motion and structural analysis of semisubmersibles and tension leg
platforms. We have only completed Tables I and I1I, which reflect our
existing capabilities.

We are presently developing a new suite of computer programs for the
dynamic analysis of compliant offshore structures. In these programs,
the motion response ¢f the coupled system is evaluated in both the
frequency and time domains. Since we have not yet finalized the
specific features of the diffraction theory to be incorporated in the
programs, we are unable to respond to the questions in Tables II and IV
at this time.

Very truly yours,

F. W. Boye,\ Manager

Production COperations
Research Department

Enclosure



October 25, 1983

Dr. Farhad Rajabi
Brown and Root, Inec.
Building 29, Room 1021
P. 0. Box 4302
Houston, TX 77210

Dear Dr. Rajabi:

Shell Development Company

A Dwiston of Snes Cit Campany

Bellaire Research Center
P. Q. Box 481
Houston, Texas 77001

3737 Bellaire Soulevard
Houston, Texas 77025

ABSTRACTS OF COMPUTER PROGRAMS MOSAS/TLP, MOMOP, MOPQOP AND TLPIDO

In response to your request for information regarding Shell's computer
programs for motionm and structural analysis of semisubmersibles and
tension leg platforms, brief descriptions of the programs MOSAS/TLP,
MOMOP, MOPOP and TLPIDO are attached.

Thesa programs are available for licensing.

regarding acquisition, please contact

Patents and Licensing
Shell Development Company
P. 0. Box 2463

Houston, TX 77001

For further information

The programs are not available through computer bureaus, and cannot be
made available to an engineering contractor retained by NCEL to design a

tension leg platform.

Enclosures

[Kery truly yours,

T New -
F. W. B:}é, Manager

Production Operations
Research Department



JOHN E. HALKYARD & COMPANY

QCEAN ENGINEERING CONSULTANTS

May 29, 1984 ref. 84-52

Dr. F. Rajabi

Brown & Root Development Inc.
P, 0. Box 1051

Houston, TX 77251

Dear Farhad:

Enclosed is a completed copy of your questionaire (Table IV)
requested in your letter of April 5. I'm sorry for the delay and
hope that this information may be useful in your study.

Best regards,

’ -

¢t wpmir
Jehn E. Halkyard
JEH:bt

enclosure

2949 EPAULETTE STREET + SAN DIEGO, CALIFORNIA 92123 « USA

."’

PHONE (619) 362-6083 » TWX 910-322-1356
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FC. J. CADRISOY & ASSCCIATLS| .

C.J. GARRISON, Ph. D.,P. E.
CONSULTANT IN MARINE HYDRODYNAMICS

3088 Hacienda Drive
Pebble Beach, Ca. 33953

Phone: 408=345-383-2.
Qﬁ&‘&#ﬁ-ﬁﬁ%&-
408-372-031 4

-

October 22, 1983

Brown and Root Development, Inc.
P.0. Box 2002
Houston, TX 77001

Attn: Dr. Farhad Rajabi
Dear Dr. Rajabi:

Sorry for the delay in answering your letter of August 11, 1983. 1 hope it
is not too late by now. .

I have enclosed a description of a suite of computer programs called MORA
which are somewhat general but includes TLP analysis capability. At the
present time the time-domain pregrams RKONTID and DRIFT are not yet completad
but the rest of the package is availzble.

MORA is available for $40,000.00 from C.J. GARRRISON and ASSOCIATES and in
the very near future can be accessed through the Boeing Computer Service
Company.

The most critical part of the computer program package is HYDRAL (formerly
known as DYNRES6) and this program has been used in the offshore industry
for over 10 years. During that time it has been verified many times by

use of experimental data. (Brown and Root is using this program currently.)

Ou a personal note - greetings from Monterey. I'm glad to see ycu're in
the offshore industry and hope all is going well with you.

Best Regards.

Sincerely,

C. k. '

C.JV Garrison

CIG/ jkw
endc.

—
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MICODONAELL DOUGLAS AUTOMATION COMIPONY

Box 516, Saint Louis, Missouri 83166
16 August 1983

Brown-and Root, Inc.
P.0. Box 4302
Houston, TX 77210

Attn:; Mr. Farhad Rajabi, Bldg 29, Room 1021
Dear Mr. Rajabi:

The enclosed package contains the User Manual for McAuto SELOS and various
descriptive materials pertaining to the analysis of offshore structures with
McAuto proprietary software., The manual contains a theoretical presentation and
a list of references.

I believe the SELOS program is capable of handling a variety of problems related
to free-floating or tethered structures, The use of Morison's equation based
hydrodynamic theory does, however, limit the solution applicability to open
framework lattice type structures whose maximum member diameters are less than

- 20% of the wavelength being examined. I have recently used SELQS for a

determination of the fatigue characteristics of Conoco's Hutton tension leg
platform,

We have been unables to obtain well-documented experimental data on tension leg
platforms. The data generated on such structures is generally proprietary and
what is available in the public domain does not provide enough deseriptive
material to permit a duplicate analytical simulation. Some years ago, McAuto
participated in a study of & 'test' bottom supported structure. The study was
organized by Det Norske Veritas. SELOS results were comparable to the results
obtained with the other 11 programs considered by the study.

Access to McAuto OFFSHORE (the capabilities contained within SELOS and STRUDL)
is available on a service bureau basis through McAuto or our agents abroad; or
the programs can be licensed on IBM or VAX hardware.

Please feel free to contact me if you need further information.
Sincerely,
MCDONNELL DOUGLAS AUTOMATION COMPANY

K. Pl leopprcn

H. Peter Kappus, Senior Comsultant
Structural Engineering
(314) 232-2108

ﬂ HPK:jks

)

Enclosure

/,‘\(/
MCDONNELL DOUGLAS \5._,_
h

CORPORATION
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28 September 1983 A 9’55/

Dr. Farhad Rajabi

P.0O. Box 4302

Brown & Root, Ine.
Building 29 - Room 1021
Houston, TX 77210

Subject: ABB/SEMISUBMERSIBLE Computer Program

Dear Dr. Rajabi: -

In response te Mr. Hervey's telex of 14 September 1983, we are forwarding
herewith a general description of our semisubmersible computer program. The
enclosed information of our computer program contains a brief discussion on its
application and a list of references which describe the pertaining theory

empioyed and the correiations with published model test data.

The subject computer program has been satisfactorily applied to evaluate
the dynamic cheracteristics of a number of semi~submersible drilling rigs.
However, reports for these studies are proprietary, and are not included in the
list of references mentionad above.

We trust that the above information will assist you with your survey being
conducted for the U.S. Naval Civil Engineering Laboratory on the computer
programs available for motion analysis of semi-submersibles and tension-leg
platforms. In submitting information on our computer program, we would
appreciate receiving a copy of the final survey report, when completed.

Should you have any questions regarding our computer program, please do
not hesitate to contact the undersigned or Dr. H, H. Chen at (212) 440-0466 .

Very truly yours,
AMERICAN BUREAU OF SHIPPING

S. G, STIANSEN
Vice President

By:
Donald Liu -
Assistant Viece President

Encl.

TELEPHOMNE: 212-440-0300 CARLE ADDRESS "RECORD" TWia' 710-381-3089 TELEX'ITT <2193&6 RCA 232059 WUl 520293

DL/HHC/
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SEFTEMRBER 2. 1983

FM: RICHARD AY, BWA, HOUSTON

TO: \FaRAJABLY BYR, HOUSTON

IN RESPONZIE TO YOUR TELEX, WE SUBMIT THE FOLLOWING:

1)  WE HAVE TWU MAIN PROGRAMS WHICH ARE SUPPGRTED BY A SUITE OF PRE
AND PUST PROCESSOR3. GENERAL INFORMATION ON THESE TWo PROGRAMS
IS LISTED BEL.OW,

(A  TIME DOMALIN PRIOGRAM
- AJSES MORISONYS EQUATION
= LINEAR AND NONLINEAR WAVE THEORIES
=  FULLY NONLINEAR KINEMATICS
=~ HUNLIMITED ROTATIONS AND TRANSLATIONS
-~ LATEMARY AND TENSION LEG MOORINGS
—- WIND AND CURRENT LOADING
- FULL NONLINEAR DESCRIPTION OF THE DRAG TERM
~ CAFPABLE OF DAMAGE ANALYSZIS
-~ UOFERATUOR DEFINED
- SYSTEM RESPUNZE DEFINED (E.5. EXCESSIVE MUORING LINE
LOAD AND RESULTING LINE LGE3)
— 4TH ORDER RUNGE RUTTA SOLUTION SCHEME

(B) FREGUENCY UUMAIN FPROGRAM
USES MUHISDN'S ECHJATION

CATENARY AND TENSION LEG MOORINGS

ITERATIVE LINEAR DESCIRIPTION OF THE DRAG TERPM
LINEARIZED MOORING SYSTEM DESCRIFPTION

]

<&3) AT THIS TIME, WE CUONSIDER THE THEURETICAL BACKGROUND MANUAL
AND THE USER”3 MANUAL PROFRIETARY AND ARE UNABLE TO SUBMIT THIS
INFORMATION. THIS INFURMATION WILL BE PUBLISHED IN 1994,

4; PRESENTLY, WE ARE PREFARED TO SELL EITHER OF THE ABIOVE PRO-
GRAMZ.  ALTERNATIVELY. WE WILL RUN THESE PROGRAMS FUR A CLIENT.

9) THE PROGRAMS HAVE BEEN VQLIBATED AGAINST:

=~ MODEL TEST3 - INCLULES TWO SEMISUBMERSIBLE MUDEL JENIEa TESTS.
- OTHER SOFTWARE

&) OUR PROGRAMS ARE EQUUALLY AFPLICABLE TO SEMISUBMERSIELES AND
rLP .J- '

SHIILLD YOU REGUIRE FURTHER INFORMATION, WE WOULD BE HAPFY TO RE-
SFOL T SFBECIFIV GJEST TONS.,

J



RESARDES,

RICHARD RY

BRIAN WATT ASSOCTATES. INC.
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Brown & Root Development, Inc. May 4, 1984
P.0. Box 1051 VJ/BE/B12
Houston '

Texas 77251

U.5.A.

Att.: Dr. F. Rajabi

Re.: Questionnaire for Software Capabilities

Dear Sir,

We have examined your questicnnaire very thoroughly and have
concluded that the format is not relevant for describing the
software capabilities available at the Danish Hydraulic In-
stitute. The reason for this is that our programs have been
developed and formulated for more general use and exist as
individual modules. These modules are then pieced together to
form packages for the various specific problems. DHI is at
the moment in the process of formulating and developing pack-
ages for use in, e€.9. pipeline design including environmental
conditions, fluid dynamics, and pipeline stability.

The main body of DHI's programs having relation to the objec-
tive of the questionnaire comprises the computation of fluid
dynamics associated with waves and currents. 2-D ané 3-D
stochastic as well as deterministic wave theories are avail-
able. The interaction between waves and currents can be ac-
counted for and incorporated in the calculation of the fluid
dynamics.

These programs can be extended by incorporating the commonly
used expressions for predicting hydrodynamic forces on struc-
tures. Such analyses have bheen performed by DHI, e.g. in con-
nection with design of pipelines in the North Sea and the
Arabian Gulf,

Telex: 37402 dhicph dk
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Furthermore, a programme (DYNPIPE) has been developed for
calculating the motion and associated stresses of cylindrical
structures exposed to hydrodynamic loading. The Morison equa-
tion including the relative kinematics is used to calculate
the hydrodynamic forces. Additionally, the forces induced by,
e.g. the motion of a laybarge on a pipeline, can be included.
The programme uses the finite difference method and works in
the time domain. Due to an efficient algorithm the programme
is inexpensive to use and has been applied for several pro-
blems (pipe laying, tow-out of pipe bundles, bottom tow).

Although DHI is not directly involved in motion and structur-
al analysis of the two types of structures mentioned in your
covering letter (semisubs and TLP's), computer programs hand-
ling important elements of such analyses are available at
DHI.

If you need further information about our capabilities,

please do not hesitate to contact us.

Sincerely yours
DANISH HYDRAULIC INSTITUTE

\\u - v“

Vaqner acobsen

o



de G WRIGHT, CHAIRMAN EARL AND WRIGHT ' AUSTIN W. TANL

\\0‘. W, HAYES, PASSIDENT, Dif. {FiR, 1963)
. -}w. M. MARTINOVICH, EXEC. YICK PRES.. DIN. CONSULTING ENGINEERS ——
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¥, . SCHRMIDOT, SR, VICK FRES., DIN. SP s Tovn RCA 278484
)H. R KIRKFATRICK,: SR. YICE PRES., DIR. WU 34.0802 EANDW SFO

/4. L. MENULTY, VICE FRES.. DIN. SAN Franasco, CALIFORNIA 94103
4157773000

September 15th, 1983

Dr. Farhad Rajabi

P. 0. Box 4382
Building 29, Room 1821
Houston, Texas 77218

C—

Dear Dr. Rajabi:

In response to your recent telexes, I have enclosed copies of two Earl

and Wright brochures that provide general information concerning Earl

h and Wright computer programs applicable to tension leg platform, semi-

A . Submersibles, and other compliant and/or floating structure motion and

structural analysis. Please note that the program name "COMOS" is

for internal Earl and Wright use only; new brochures are belng pre-

) pared for distribution cutside of Earl and Wright, The COSYWS program

has now been officially named "EW/ICES® and consists of the following

: facilities: EW/STRUDL (linear and nonlinear), OQFFSHORE, REPORT,

] GRAPHICS, and NAVAL ARCHITECTURE, The SEADYN, CPUS, IMPRESS, and
’ SMACS programs are being phased out,

) Because of the proprietary nature of Earl and Wright software, I am

: not able to make available to you User's Manuals or Theoretical Manu—

als. Earl and Wright software is available through standard agree-

. ments. All principal Earl and wright pregrams are thouroughly

} validated against analytical checks, against other programs if avail-
" able, and compared to experimental data if available.

Respectfully,

") EARL AND WRIGHT

L G T E G

Bruce E. Bennett, Ph.D.

b Supervising Development Engineer
) BEB:beb

Encl.

HOUSTON OFFICH: SUITE 200, EAST TOWER, EXECUTIVE PLAZA, 4619 SOUTHWEST FREEWAY, HOUSTON, TEXAS 77027
3 TELEPHONE 713-566.3100  TALEX 77.3454
) A SUBSIDIARY OF 3EDCO, INC. 1



GLOBAL MARINE DEVELOPMENT INC.

P.O. BOX 3010 TELEPHOME: 714.752-5030 i

TELEX: 69-2318

CABLE: GLOMARCO . NpBh

QFFICE: 2302 MARTIN ST.
IRVINE, CA 92715

NEWPORT BEACH, CALIFORNIA 5248523

In reply, refer to: | L

' 975-0000
10 August 1983 543-83-10-170

Mr., Farhad Rajabi
Brown & Root, Inc.
P.0. Box 4302
Building 2A, Room 1021
Houston, Texas 77210 - (

Dear Mr. Rajabi:

o

Thank you for considering Global Marine Development Inc. in your
© survey. However, due to current work loads, we will not be able

to participate in the survey at this time.

Qincere]y yours,

GLOBAL MARINE DEVELOPMENT INC.

=

N. Daoud, Ph.D.

—

ND/In
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GLOBAL MARINE DEVELOPMENT INC.

P.O, HOX 2010
NEWPORY BEACH. CALIFORNIA 92663

TELEPHQNE: 714-75%2.5050

TELECOPIER: 714.851.8182

TELEX: 69.2318

CABLE: GLOMARGO - NpBh

QFFICE: 2302 MARTIN ST,
IRVIMNE, CA 32715

16 September 1983 In reply, refer to:

975/0000
943-83-09-220

Dr. Farhad Rajabi
Brown & Root, Inc.
P.0. Box 4302
Building 29, Room 1021
Houston, Texas 77210

Dear Dr. Rajabi:

Thank you for your telex dated 14 September 1983. A letter was sent
in reply to your first telex dated 9 August 1983 (refer to my refer-
ence number 543-83-10-170 dated 10 August 1983).

I wish to thank you for considering Global Marine DJevelopment Inc.
in your survey. However, due to current work Toads, we will not be
able to participate at this time.

If I may be of further assistance in the future, please do not hesi-
tate to contact me.

Sincerely yours,
GLOBAL MARINE DEVELOPMENT INC.
Jal-f Daods

N. Daoud, Ph.D.

NB/1n



Richard J. Hartman, Ph.D.
Ocean Engineering Consultant

4433 West 13th Avenue 530 North Midway Drive, Suite 3
Anchorage, Alaska 99501 Escondido, Catifornia 92027
(9Q7) 279-8176 (?-&] 489-9019
<

February 22, 1984

Dr. Farhad Rajabi

Brown & Root Development, Inc.
F.O. Box 1054

Housten TX 7725

Dear Dr. Radabi:

Thank you for your interest in SEMISIM. As you will note from the anciossd preliminary
promoticnal material, this program is not expected to be available untill late this year. Iam
urmable, therefore, to provics ;aou with all the matsrial you reguested. The foligwing comments
carrespond to your awn itemized list:

1.  General... See the enclosed promotional material

2. Theory.. A considerably enhanced Froude-Krylov model which does not account for
member interactions. Surface seffects of submerged hulls are  accounted for
approximately by modifications to the hull added masses anly. The modsl is equivalant
o a two-dimensional strip theory for the submerged hulls.

Uzers Manual.. Unavailable at present.

L=

Availability... See enclosed promotional material.

LR

. Validaticn.. The analytical madel was developed in parallel with an intensive program of
semisubmersible medel testing oriented toward the development of heave, pitch and roll
suppression systems for these vesseis. There have been, theretars, ample model tsst
comparisons, but unfortunataly the test results are proprietary. ! eupect to chase down
some oublic domain data for comparison and inclusion in the users manual when the
microromputer version of the program is ready.

6.  Applicability.. The program is specially designed for semisubmersibies in the ballasted
thulls submerqed) condition and is not suited for other structures, altheugh it could
rather easily he upgraded to incorporate a TLP analysis.

1+ I can provide further informaticn, please let me Know.

Sincersly,
ull Al

Richard Hartman
Ferondido, California
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LIBRARY CONTENTS

The current program library contents follow. Expected release dates of unfinished volumes are indicated
in brackets. [Alindicates immediate availability.

Valume {: SHIPSIM - simulates mctions of and loads on displacement-hull vessels 1n requlac and
irregular waves, [AJ

Volume 2: JACKSIM - simulates motions of and loads on Jack-up drilling platforms whale sfloat snd
during setting-down operations. Computes leg loads incurrad during imtial battam centact in a
seaway, [August {944)

Volume 3: SEMISIM - simulates motions of arnd loade on semicubmersible platformes n the
ballasted condition displacement hulls submerged). [September 1934 ]

Volume 4: DISCSIM - samulates motione of and loads on disc-shaped veseels and buoys which are
azimuthally symmetric 1n plan view. CA]

Volume 3: TOWSIM - simulates motions of and loads on each of a pair of vessele cornected by &
towlire of arbitrary composition. Computes towline dynamic Ioad variations. CJdune 1924]

Volume &: SALMSIM - simulates the motions of arnd loade on tomples  swngle-poant  mooring
systems with attached storage vessels. [AJ

Volume 7: STATMOCR - computes the lateral static restoring characteristics of complex multileg
catenary mooring systems and related single- or multi-line anchoring systems, {Al

Velume & DYNMOOR - computes the wave-frequency load variations in a submeroed catenary for
arbitrary motions of the upper endpoint. [October 19341

Volume §: STATSALHM - computes the lateral static restoring characteristics of articulated
single-peint mocring systems, including buoyant SALMS and pendulum-type systems. (A]

Volume 10: DYNSALM - computes the wave-irequency load variations on a submerged; articulated
single-point maaring system. [Al

Volume 11: SLOMOOR - computes the static and low frequency enviromnmental forces on xrg
resulting mations of storage vessels in a single~point maor. CAJ

Volume §2: ARCHIMEDES ~ computes  the hydrostatic  and damage stabililty properties  of
displacement-hull, semisubmersible, and jack-up vessels. Also computes important dynamic
characteristice such as the natural periods of roll, pitch and heave. CJuly 19541

Volume 13: DRAGSIM - computes the cambined form drag, s¥in friction and wave-maKing drag for a
broad spectrum of surfice veszels rangirg from high speed planing craft to low speed digplacement
hull vessels.” [December 19341

UPLOT - a “universal® plotter which produces report-guality x-y engingering plots at & comsole or
on a standard line printer. (A3

Versions of thesz programs are available to run under most popular micro- and mrncomputer ang
mawnframe operating systems, including DEC, H~P, CP/M, MS-DOS, UNIX and others. In additicn, SeaSaft
will customize any of the library volumes to accommodate special reeds or o ncorporate unususl or
proprietary features and capabilities into the packages.

Hore detailed descriptions, ircluding user manuals and demonstration diskettes for individusl proaram
packages, are available upon request. FKFor further information regarding individual program units or
license of library volumee, contact SeaSoft Systems, (619) 489-9019, P.O. Box 271308, Escondido, Ca. 92027,



VESSEL MOTION PACKAGES:

| All vessel motion packages include the following REGULAR WAVE capabilities:

Complete user control over requiar wave heights, slopes, pericds and directions used in ihe
calculation of regular wave response characteristics (RAQ's).

Complete user control over the regular wave output stream which allows suppression or inclusion of
#  Net Regular Wave Force and/or Torgue responses for any or all siv deqress of freedam.
¥ HRegular Wave Motion response for any or all six degrees of freedom.

#  Acceleration, velocity or displacement response characteristics at user—gpecified pawnits
tized in or on the vessel.

Complete output of both amplitude and phase of reqular wave response characteristics for all
requested requiar wave conditions and all requested qutput variablss,

All vessel motion packages include the following IRREGULAR WAVE capabilities:

-

Complete user specification of wave spectral type, including
¥ Pierzon-MosHowiiz
¥  Mean) Sharp and Very Sharp JONSWAP
¥ Br-e'lschneider/lSSC
% User-Specified

Calrulation of significart values, significant rates and characteristic speciral pericds of all
requested force, torque, acceleration, velocity, displacement or vessel motion variablss.

User specification of the degree of azimuthal spreading of ircegular wave erergy; i.e., the degree of
wave crest shortening due to cross seas. This leads to the faithful simulation of gperatians in
short-crested irregular waves.

User specification of simultanequs background swell periad, height and direction.

Where appropriate, all motions pacKages produce wave-height dependent RAO’sy redlecting imporiant
nanlinear effects assaciated with hydrodynamic damping.
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. GENERAL FEATURES:

All SeaSoft program packages include the following features and capabilitiss:

A data entry and editing program (the “editor") which provides a simplified user interface to the
mair: computational program.  This feature permits input tiles, once created with the geditor, to be
easily madified to account for majer or minor errors or changes. The aditor program utilizes an
easy-to-use question ard arswer format for data entry and upgdate, The irput #iles can be
archived and reused any number of times. Backup files are made each time an input file 13
gxofiﬁed; facilitating the archival process and protecting agaimst inadverterdt loes of important
ata.

Input/cutput of datas in exther English or metric urits.

Complete cantrol over simulation water depth, with full accommadation of 21l shallow-water wave
etfects. Most programs based on two- or three-dimersional diffraction thecries neglect this
impartant consideration which is essential for many, if not most, offshore applications. Far
example, shallow water effects will typically begin to become important in 200 feet of water when
wave periads exceed 14 saconds or when wind-driven seas exceed a significant wave height of about
30 feet. These corditions are well within the probable scope of any moderately comprehercive
vessel metion study. In drilling, jack-up or single point moaring applications, water depths
considerably less than 300 feet are exiremely commonplace.

Complete six-degree-of-treedom motion and load analysis and determination of accalsraticn,
veloQity or displacement responze characteristics at any point on the veesel, The laiter atality
greatly facilitates many important engineering calculations. Far example:

& dynamic mooring loxds due to fairlead motions, velocities ard accelerations

¥  vessel motions relative to a fined platform ar cranse load

¥ Jack-up spud can motions relative to the fined bottom while going on location

Attractive formatted tabular output is provided on standard 3 1/2 x {1 inch zheets for sasy
inclugion in reports or other documentstion.

PacKages are written in a transportable high-level language (typically ANSI-standard FORTRAN)
which allows the programs to be eazsily installed on any computer for whach 3 suitable commler is
available. All cade has been carefully aptimized to execute efficiently on micracomputers.

Each package features complete cutput controly allowing user selection of whach vartables should be
cutput for each run and the specification of autput device {console, printer ar magnetic disk,

All packages can utilize SeaSoft’s universal plotting routine 1o produce report quality -y point
plots of selecied tabulai: data.

All SeaSoft software is available on a limited license basic which permite urlimited single-CFU use of the
packages but prohibits resale or transfer. License purchasers are provided bug reports and fiies free of
charge tor the duration of the licernse., The signing of a simple license zoreement (= required price to
license approval.



SEASQFT SYSTEMS' OF FSHORE ENGINEERING COMFUTER PROGRAM LIBRARY:

EXECUTIVE SUMMARY

The SeaSott family of computer programs comprises & gQrowing group of stand-alone state-of-the-art
analysis packages for gcean angineering applications.

AUDIENCE:

The wnterded audiencs for the software includes naval architects and marine engireers engaged 1 offchore
nperations or design. Mo special analvtical, computational or computer skills are reguired to make full use
of these tools, In particular, user interdace to every program emplovs simnle question-and-answer
prompting pracedurss ta accomplizh data input and program exscution,

PHILGSOPHY:

The program library was developed to investigate problems of the type that are commondy 2tudied 1n moded
tests; that is, the emphasis is on producing ogerationally useful data such as mations, accelseatiung, lnads
arg extensive short- and long-crested irreqular wave statistical summaries s opposed to esoteric data of
limited aperational value such as addad-mass and damping matrices.

MICROCOMFPUTER EYECUTION ABILITY:

Each program ig highly transportable and has been carefully ergireered to execute efticiently on the
newest generation of portable and desk-top micro- and minicomputers. This means that the same
pregrams ueed in the office om & multi-user maindrame computer can be executed in the field for cr-cite
operatianal suppart. The continuing collapse of micracamputer prices assures that in a very shart time,
every engineer and naval architect will have on hic deskicp a powerdful, dedicated computer. The tamily of
SeaSoft simulation pragrams will readily and efficiently execute an this new generation of computer, and
will be totally traneportable from genmeration to generation as microcomputer technology matures, 11 must
be emphasized that micracomputer execution ability has been achieved by careful gragram planning, and not
by sacrifice of program capabilities; in every case, the SeaSoft programs are of greater oower than
comparable codes requiring mainframe computers for their exscution. For example, ail packages fully
incorporate zhallow water wave effects on veszel motions which, although extremely importart for many
offshare applicatiens, are neglected in many mainframe vessel motions pragrams.

COMPRERENSIVE USER MANUALS:

Each program is supplied with a comprehensive user manual which outlines the use of the program and
explains in detail its capabilities.. For tutorial purposes, the manuals contain 1 detailed samcle
input/output session comprizing a realistic application. Al manuals contzin & table of conterds, gloseary
and index.

CODE COHMONALITY:

All programe share, insotar as poscible, the same inpul/output formats ard nomenclature comventions so
that the user of any ane af the programs will easily be able to use and interpret input praceduras for and
results from any other proaram.

AUTHOR QUALIFICATIONS:

The author of the SeaSoft program library holds the Ph.D. degree in thecretical physics from the Urnversity
of Califerria and post-graduate degrees in aero- and hydradynamics from the University of Mirnesota. He
hae been directly irvelved in mathematical and computer analysiz and model testing of offshore systems
since 1973. The SeaSaft pragram library is the result of over fifteen years of combined thearetical and
model basin experience in hydrodynamics and ocean engineering. The basic theoretical methcds empleyed

~1n the packages have received evtensive confirmation in model-scale and full-scale tests durwng that
time.



SEASOFT SYSTEM'S OFFSHORE ENGINEERING COMPUTER PROGRAM LIERARY:

PROGRAK DESCRIPTIONS AND CAPABILITIES

This material is intended 4o supplement the EXECUTIVE SUMMARY with some additional details
and description of the capabilities of specific volumes in the pragram library. Unless expected
releise dates are specified, the programs below are available immedgiately,

Volume {: SHIPSIM

SHIPSIH is a general-purpose vessel motions program with specific adaptations to
displacement-hull vessels with relatively large block and prismatic coefficisnts. Vessels in this
category include drillships, barges and meoored tanvers. SHIPSIM preduces excellent results for
this category of vessels even when length-to-beam ratigs are too smail to permit the use of strip
theory programs for motion anelysis. Although designed primamly for the analysis of
barge-shaped vesszels at zero speed, SHIFSIM is also suitable for simulation of vessels with finer
lines and nom2ero forward speed.

SHIFSIM utilizes an efficient algorithm for the calculation of wave-frequency forces and
torques which aliows relatively fast pragram execution even on microgrocessars.

SHIPSIM ircorporates an algorithm for the estimation of non-lirear effects in roll which leads
to realistic nonlinear roll resgonse functions depending upen details of bilge geametry.

An erharced version of SHIPSIM which simulates the performarce of commonly employed
anti-roll devices is expected to be available in late 1934,

Yolume 2: JACKSIM

JACKSIM is a powerful motion simulator for analysis of motions of jack-up drilling vessels in
the floating mede. In addition to the six-degree-of-freedam afloat motions capabilities cammen
to all SeaSoft motion simulations, this package includes:

= A sophisticated analysis of the dynamic leg loads asscclated with going en lacaticn in the
presence of waves. This feature includes specification of scean bottom scil corditions.
The leg-load estimaticn capability provides an important new tcol for the cperaticral
engineer o marine surveyor. This capability aids in the guantification of the gifficuit
and highly subgmctive process of evaluating structural risks aszcciated witn geirg an
lecation in marqinal sea conditions, The ease of use and the microcompuier 2xeCUIION
capability of this program mean that the prcgram load estimates can be obtained in real
time; on location by the engineer of surveyor in charge.

= A novel calculation of leg bending loads incurred going off lociticn in the presence of
waves when one or more legs are trapped or otherwise restraired by entrapment in soft
tottom materials.

- A nonlinear hull and leg damping algorithm which leads to realistic nonlinear recporice
functions.

-~ Evaluaticn of vessel motion characteristics for any position of the legs, from fully rareed
to fully lowered, ard specification of the degree of leg~well biocage Dy spua can wnsertisn
during tow or other legs-elevated operations.

Expected release date: third quarter 1954,



Volume 3: SEMISIN

SEMISIM is a cemisubmersible motion simulation package for use in the nomtransit,
hulls-submerged mode. The computed response characteristics reflect the highly noninear
nature of motion dampmng for this type of vessel. Features incluoe simphitied input ot ¢olumn
and hull forms based on the usz of simpie geometrical shapes. This permits quick specitication
and easy modification of the urderwater configuration for comparative design and perfocmance
analysis and evaluation. Expected release gate: third quarter 1934,

Volume 4: DISCSIM

DISCSIM is a complete vessel motion simulation Jor the special case of azimuthal hull
symmetry. This simulation i{s thus suited for the estimatien of buoy motions and lcads in
single~point mocihirg appiications and for round geomeiries associated, in parvicuiar; with
aperations in the presence of persistant ice.

Volume 3: TOWSIM

TOWSIM computes the relative wave-frequency motions of a pair of cornected vesszis for the
purpose of calculating wave-fraquency leads in the interconnected towline. The characteriziics
of the towline, including the mass and elastic properties of each element of a2 multi-elemznt
towline; are fully specifiable., The %owline load calculaticn, unlike the quasi-static catenary
caleulation which is often erronecusly applied in thas s2tuation is fully dynamic ang wiilizes a
proprietary algerithm for the fast and efficient calculation of the dynamic plus static loads.
Long-period oecillations of the two-vessel system are also cnaracterized and contmbutions 1o the
long-pericd motions from low-+requency components of variable wind and wave-drift force are
computed. Expecied release date: second quarier 1984, :

Volume 4: SALMSIM

SALMSIH is a composite of several SeaSoft programs used in design and evaluahien of
single-point mooring systems with an attached storage vessel. CSeparate simulaticn moduies
compute zero-fregquercy {static), low=frequency f{quasi-static) ard wave-freqQuency (dynamac)
properties of the veszel and its associated mcooring structure. A typical cenfiguraticn for
EALHMEIM consigts of STATIALM, SLOMGOOUR, DYHSALM and SHIPZIH cooperatively aro
autamatically executing to provide motion and load Rads and low-and nigh=freguancy statistucal
summaries of motions ang loads for an articulated Salm zystem. Lozads are compuied at each
articulation point; the Salm elements themselves are issumed to be rigid for the purpssas of
computing motion amplituses and azsociated leads. Extensive capabilities for computation of
long-periad surge of the moored sterage vessel and asschiated Salm leads under the intluence of
slowly-variable wird, current and wave-drift forces are proviced by SLOMOOR. SALMEIM

versions accommadating baoth conventional buoyant Salms and more recant designs paszd Lpon
pendular massec are avarlable.
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Volume 7: STATMOOR

STATMOOR is a comprehensive; state-of-the-art static mooring analysis program for multileg
catenary mooring systems, The program overcomes certain analytical shertcomings of existing
mooring analysis todes, discussed below, and is used in design and analysis of complex
single-vessel multi-goint maooring systems.

In developing STATMCOOR, special attention was given to several arezs in which many
well-Known mcoring codes are deficient. The mast notable of these areas is the treatment of-
elasticity of mooring elements. Many modern mooring materials, in particular the synthetics, are
notable in that their gravitational response to imposed loads is smaller than or camparable to
their elastic response. In particular, meihods employed to approximately account foc the smail
elastic distortion of chain or wire rope under mooring corditions became inadequate in many
situations of possible interest, especially when elasticity plays z dominant role. In some cases,
cammanly-emplayed approximations to elastic response can result in errors as great as 100% in
the predicted hine loads and mooring forces,

STATMQOR utilizes a proprietary, analytically exact, solution to the elasto-qgravitaticnal
static response of mooring line elements; it appears to be the only publicly-available code to do
sa. In addition, the exact equations employed in the ccde appiy to arbitrary degrzes of
nonlinearity in the tension-elongation characteristics for the mooring line elements, permitting
the analysis of straongly non-linear materials.

STATMCOR provides extensive on-line default values for the weight, strength ard elastic.
properties of sieel and synthetic mcoring materials to enhance efficiency in greliminary
parametric design studies,

STATHOOR is extremely flexible, and is use{ul in the analysis of virtually any system fer
which elastic lines or cables play a central role. Examples of non-conventicnal appiicatiens:
include {ension-offeet characterisiics for composite towhines and for composite rubber hoszs
used in offshore preduction facilities, surge and yaw restoring characteristics and tendon
tensions {for termsion leg platforms and quyed towers,; and restoring force characterisiics for
submerged tethered buoys and Salms.

The capabilities of STATMOOR follow:

=~ Up to twenty-four individual mogring lines can be accommedated {12 mooring lines on some
microcomputer versions),

= Each moaring line may consiet of up to three indeperdent sublines., Each sublire cen have
specifiable mass cnaraciesrmstics and nen-linzar elzstic characteristiics.

= A coeeentrated weight and/or line support buoy can be specified between appropriate
sublines,

- The ocean botiom may be wniformly sloping, or archor depths may be irdependeritly
specified,

= Either {fairlead pretensions, pretension lire argles o horizontal distarces to anchors may
be gpecified for a given length of deployed line.

- System and individual line characterictics (net rectoring force, line tensions, susgended
lengths, atc.) are output in tabular form for herizontal offsets of any magnmituce tn any
direction, and fu~ yaw offsets,



Volume 8: DYNMQOR

DYNMOOR is being deveioped in response to the exireme need in the offshore indusiry for a
realistic simulation of the dynamic effects arising fraom wave-frequency matigns of the fairieads
of 3 moored vessel, It is clear from an analysis of this problem, as has been verified in model
tasts, that the dynamic contribution to maoring line loads for a qiven displacement of a macring
lime fairlead at wave frequencies can exceed the level which would be predicted on the basis ot a
static catemary mcdel of the mooring line by facters of up to tem, and even more in same
circumstances.

Previous attempts 1o quantify this effect have taken the form of a finite-element analysis of
an individual mooring line, which analysis is so computationally intensive that little more than
one or two cycles of wave-frequercy analysis can be carried out in a reasonable amount of time
even on a powerful mainframe computer. SeaSoft has solved this problem in a way which ailows
line loade to be cbtained for both reguiar and irreguiar waves, even on a microcomputer,

The design of an offshore mooring system is wholly incomplete without a thorpugh
investigation of the level of mooring line loads to be expected in the environmental conditions
projected for the application. DYNMOCR provides this capabiiity for wire rope; chawn, synthetic
and composiie mooring lines. Expected release date: third guarter 1384,

Volume 9: STATSALN

STATSALM comprises a powerful design tool which can be used 1o quickly evaluate a large
number of design options in a search for a Salm configuration satisfying the static restocring
requirements of & particular proget. STATSALM permits specification of Saim geometrical and
inertial properties at either of two levels of detail: 1) the input of mass and volumetric variabiss
{mass; buoyarcy, centers of gravity and buoyancy, etc.  for an entire Salm articulated memoer o
2) the specification of those properties for each of a series of rigidly-connectsd eiements, Cr
sub-members, of 3 single articulated member. In the latter case, STATSALH computes global
properties far the entire member from properties of the zup-member elements. STATSALM aiso
provides support for dynamic analysis by evaluating added-mase and other hydrodynamic
pgroperties of the articulated members. STATSALM is capable of evaluating the static propertes
of either bucyant Salm structures or pendular Salm structures which utilize sucpended weights
pather than buoyant members, to provide restorative forces.

Volume 10: DYMNEALM

DYHSALHK computes wave-frequercy loads on an articulated Saimy plus inertial, hydrodynamic
and quasi-static loads associated with wave-frequency motlons of the attached vaszel, These
loads, and their associated motions, are computed for esch rQid member of the Saim ard resoived
at each articulaticn point. A versian of DYNSALM agplicaoie to recently introduced pendular
weight Salm systems i1s also available.

J—
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Volume {1: SLOMOQOR

SLOMOOR is & versatile single-point mooring analysis module which computes a moored
vessel's static equilibrium ¢onfiguration and low—+frequency, or quasi-static, motions. In this
context "low=-frequency” refers to motions which occur on a time scale that is very much longer
than wave periods (i.e. greater than 20 seconds or sol. The natural periad of mecring oscillations
is computed; as are static and slowly-varying components of forces arising from currents, wird
and waves actmg on the storage vessel. This information is used to compute equibiorium
position and orientation of the vessel relative to the mooring siruciure in the prescribed
enviranmental canditions and to estimate the amplitude of lang-period (low-frequency) motions of
the moored vessel in response to slowly-varying forces.

Velume 12: ARCHIMEDES -

ARCRIMEDES is a powerful hydrostatics ard stability package which has been dezigned from
the outset to meet all the needs of the naval architect and marire engineer. It permits casy
preparation of the finite-element gridwork used to define an arditrary vessel geometry ard allows
arbitrary changes to be made in the geometry at a later time.

ARCHIMEDES provides the following capabilities:

= Definition of an arbitrary, asymmetrical hull and definition of unusual zhapes which

tacilitate the evaluation of jack~up and semisuomersible vessels in addition to more
conventional hull types.

- Simple specification of apperdages, open charnels and other hull peculiarities,

~ Options for cutput of individual station data, including honjeans; moments and wettzd
girth at specified grafis,

= Calculatien of hydrostatic curves and cross curves.

- Determination of intact ard damaged stability with camp}ete freedom in the selecticn of
flogded compartments.

=  User choice of conventional fixed-trim or free~to-trim stability determinations.
-~ Evaluation of flacded length characteristics.

= Independert specification of free-surface moment permeability ard  volumetric
permeability for flcoded compartments.

- Careful hargdling of erd effects when the waterling falls petween specifizd iorgituginal
sections. This virtually eliminates errors due to large-angle trim conditions or severiy
tapered (swim) bow/stern configurations.

Expected release date: third quarter 1934,



Volume {3: DRAGSIH

DRAGSIM is a veszel resistance package which spans the rarge from low—speed
displacement-hull vessels to high speed plaming craft. Algorithms appropriate to the nuil
shape/speed combination are selected by the program and speed-power characteristics are output
for the requested range of Freude number. The varisus components of resistance, from skin
friction to wave-making, are available as output options. For plaring craft, determination of
hydradynamic parameters including trim, wetted length and porpoising stability are availabie as
output options. Expected release date: founth quarter 1934,

UFLOT

UPLOT it a universal interactive plotting package which provides report-guality
computer—independent plotting capabilities. This program can be used wath all of tne Seatoit
simulation packages. Furthermore, it will accept a formatted input file wnlch can produce plots
from any user pragram, including pregrams written in FORTRAN, BASIC, PASCAL, C, HODULA 2
or any other language sufficiently sophisticated to produce a formatted disk file, Features of
the package include interactive scale manipulation, multiple plots per graph and a scphisticated
curve smoothing routime. Flots can be vectored either to the console for viewarg or ccale
modification, or to the line printer.

TYPICAL APPLICATIONS

Some typical applications of the SeaSoft program library follow.
- CONSEQUENCES OF VESSEL RELOCATIONS:

* A drilling vesszel moves from an area, such as the North Sea, where wave sgacira
are typically sharply pzaked to an area, such as offenore Adrica, vath wave eneryy
generally spread over a larger frequency bandwidth; how will motien-related
downtime be affected by the move? [SHIFSIMI

¥ A ocean-going barge under tow moves fram an area with wave conditions dominated
by irtence, locally gereraied wind driven waves into an area with wave conditiofs
dominated by heavy, unidirectional cwell from a distant siorm. Can towlhine
tersion oscillations be reduced by playimg out or takirg home towline o by 2 slight
temporary alteration in courze? (TOWSIM]

% A jack~up moves from an area subpcted to moderate local wird-gdriven cea
conditions but protectsd from distant swell to a lccaticn exposed to leng-cerind
swell; what quartitative differerce in motion performarce afloat and durirg leg
installaticn can be expected? CJACKSIMI

# A crane barge moves outside the exposed mouth of a sea-faning charmel from
inside the channel proger; how will crane moticns ang acceleraticns be affacted oy
the deeper water ard the ircreased directional spreading of the seas 4t e reEw
location? (SHIFSIM]

——
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- PARAMETRIC ANALYSES:

t  Screening of possible SALM designs (i.e., weight and buovaney distribution) to
achive mimmal dynamic load variaticns; perhaps in prepara.non for a model basin
analysis of a single candidate, [SALMSIM)

*  Screening of varigus combinations af Kevlar, wire roge and chain to achieve, at a
mintmum materizls cost, a2 prescribed load versus offset curve for 3 deep water
catenary leg moering system design. (STATHOOR3]

¥ Screening of CALM buoy designs to achieve minimum average fairlead motions in
the presence of persistent eight to ten second swell conditions. [DISCSIM]

The appropriate SeaSoft library programs can quickly evaluate the above situations and provide
valuable guidance to system designers, analysts and cperations pecple alike. Vessel
perfcrmsnce In the compiete range of possible sea corditions for 3 given site ¢ route can be
thoroughly investigated by engineering staff. Parametric studies of the effects en parfcrmance
of vessel load cenditions, irreqular wave spectral composition, the effects of cross seas and
background swell can ke carried out entirely in-house. A single such study, if contracted through
an outside consultant, would almost certainly prove to be more costly than the purchase of a
single SeaSoft unlimited-use software license.

MISCELLANEQUS

The followirg pages include miscellamsous material which we hope will provide some fucthar
insight into the SeaSaoft software library packages.

i. SHIFSIM users marwal table of contents.
2. Selected sample SHIFSIN tabular cutput pages.
3. SALHSIM users marwal table of contents.

4.  Selected STATHGCR data plotted using UPLOT.



Table of Contents

Chapter 1 INTRODUCTICN

Backaround

1
2 Audience

3 Microcomputer Execution Ability
4 Scope 0f the PacKage

1.4.1 Comparison with other Mainframe Codes
Chapter 2 PROGRAM PACKAGE CONTENTS

2.1 SHIPSIM Proaram Files

2.1.1 The Editor Program
2.1.2 Automatic Backup of Input Files
2,1.3 The Simulater Program

2.2 Users Manual Duerview
2.3 Program Capabilities

Chapter 3 INPUT FILE PREPARATION

3.1 Site Data
3.2 Yescel Data
3.3 Description of Wave Types Supported

3.1 Reogular Wave Charzcteristics
3.2 Irreqguiar Wave Characteristics
3.3 Ewell Charactericstics

L3

3
3.
3.

Chapter 4 OUTPUT CONTROL AND DESCRIPTION

4,1 Output Control

4.1.1 Wave Parameter Control

4.1.2 RAQ Output Control Options

4.1.3 Irregular Wave Jutput Options
Chapter 5 DESCRIPTION OF SHIPEDIT

5.1 General Information

S5.1.1 SHIPEDIT Screen Images
Appendix A GLOSSARY
Appendix B SAMPLE PROBLEM

B.! Input Data
B.2 Screen Dicnlay

B.2 Executionn Messanes

NNy Gl Ah B B R N es e

e '] 0
— Oy

1é
32
39
39

an
40



S

Appendix [ SAMFLE PROBLEM QUTPUT

C.1 RAD Output Notes
.2 Irreqular Wave Output Notes

Appendix D FILE MAMAGEMENT

D.t File Requirements

Appendix E THEORETICAL CONSIDERATIONS

! Wave Psriod Conciderations

2 Mathematical Hocdal

3 Wave Feriod Limitations

4 Spead Limitaticn

S Limitation on Ancular Spreading Feature
4 Usssel Symmetry Considerations
7
8
g
1

Caveats

Precision

Free Surface Effects
0 Shallow Water

£
E
E
E
E
E
E
E
E
E

Appendix F EXECUTION ERRORS

F.! Runtime Problams
F.2 Error Meczages

Appendix 6 SIMULATION VALIDITY

6.1 Box Structure Simulation
G.2 Series 40 Vessel and High Speed Container Ship



SeaSoft Systems’ Simulation Library

Volume 1:

Barge-Shaped Vessels and Platforms
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TRIAL SIMULATION

e PV it S S et R P S T S AN T - S T vk L M T T " ———

Ship Simulator Version 2.10
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