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SEADYN CONFIGURATION MANAGEMENT

1.0 INTRODUCTION

The SEADYN configuration management plan described herein was developed for

the Naval Civil Engineering Laboratory under contract No. N68305-80-C-0004,

entitled "Engineering Services for Cable Dynamics." A statement of work

may be found in Appendix A.

1.1 SEADYN Development History

In the early 1970's, the U.S. Navy gained increasing interest in complex

undersea cable structures. This interest led, in 1974, to the development

of the SEADYN Ocean Cable Systems Analysis Program. The early development

of SEADYN was based upon existing non-linear structural dynamics programs

and the developments from that point introduced program capabilities spe-

cifically directed at supporting the Navy's Suspended Array development.

This early work was sponsored by the Naval Facilities Engineering Commard

and the Naval Electronics Systems Command.

Following this early developmental work, the Civil Engineering Laboratory

assumed leadership in bringing the SEADYN program to an operational status.

This included the addition of program capabilities which expanded the scope

of the simulation and which improved the ease of program, application. This

work also incorporated extensive verification and validation tests and

thorough program documentation.

The SEADYN program has over the past four years been exercised, verified,

and validated on a wide range of structural applications for the Navy and
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for the Offshore Oil Industry. Typical examples of the structural config-

urations addressed are shown in Figure 1.

1.2 Purpose of Present Effort

As the SEADYN program undergoes continual modification and revision, the need

to define current program capabilities is apparent. The present effort is

aimed at defining which SEADYN capabilities are currently available. This

has been done through the development of a set of test problems which have

been used to comprehensively test a wide range of SEADYN capabilities. These

test cases have been devised in such a way that they may be used to verify

updated versions of SEADYN.

As the SEADYN program is introduced to wider application and public -dis-

semination, new program features will be incorporated into the program and

programming errors will be found and corrected in the present code. It is

important that the incorporation of new program features and the correction

of errors in the code be effected in a controlled fashion. Proper check-out

of the new code must be performed prior to introduction into the operational

and publicly available program. To this end, a configuration management plan

has been prepared which defines a mechanism for controlling program revisions

and updates before incorporating them into the standard operational version.

MA
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2.0 BASELINE CAPABILITY DEFINITION

At present there exist two configurations of the SEADYN program, fixed for-

mat and free format. The fixed format version was developed first and has

been used in the analysis of a full range of Navy and Oil Industry undersea

compliant structure applications. The free format version is based on the

original fixed format, but the input has been modified so as to be far less

restrictive to the user. Along with the development of the free format in-

put, various modifications have been made to fundamental as well as optional

program capabilities. The free format version of SEADYN has replaced the

fixed input version, primarily due to increased programing flexibility and

simplicity. The fixed format version has been verified previously. The

objective of the test problems in this report is to verify the free format

version.

The SEADYN program is capable of analyzing a wide range of offshore com-

pliant structures, primarily those that incorporate cable elements. The

present verification effort addresses such simulations as the resultant

structural ioadings associated with displacements induced by platform motions,

displacements and tensions caused by current and gravity, and behavior of a

cable system during payout or reel-in. The analytical capabilities of SEADMN

can be divided into three major types: static analysis, dynamic analysis,

and mode analysis.

2.1 Static Analysis Capability

A ma.or emphasis in the testing of the SEADYN static solution capability is

the demonstration of the ease with which a static configuration can be de-

veloped. There are several approaches to arriving at a static configuration,

TOW Offi
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including the input of a known loaded structural shape and its associated

tensions, the input of a guessed loaded configuration and unknown pretensions,

and the input of an unstressed configuration that will be moved into a de-

formed position during the subsequent analysis. Only the relative element

lengths, weights, and attachment coordinates need to be known in order to

arrive at a good static solution. Static solution tests have also been aimed

at verifying the several numerical solution methods available in the SEADYN

program.

2.2 Dynamic Analysis Capability

SEADYN is capable of simulating almost any dynamic loading that might occur

offshore. Dynamic loadings are primarily accomplished through the u~e of

the moving boundary and point load options, where any time function may be

defined by the user. The amplitude of the motion may be input as displace-

ment, velocity, or acceleration. Dynamic loadings other than specified

boundary motions can be handled by program options that model such things

as fluid flow fields and payout and reel-in. The dynamic effects of gravity

can also be incorporated into any analysis, for example, in the analysis of

a free falling anchor. The program is expected to provide information con-

cerning dynamic tension variations in the cable elements, displacements of

each node point during the analysis period, and behavior of lumped bodies

such as anchors and buoys as they interact with the seafloor and the water

surface. Dynamic response is analyzed in a time domain solution. The user

has control over time steps, printout periods, and specific solution method

parameters such as numerical damping and convergence tolerances. Solution

parameters will vary with the nature of the problem being solved, and their
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definition is often arrived at by educated guess. The test cases included

in this report utilize various methods of arriving at solutions to difficult

numerical problems. They should be used as a guide in obtaining similar

solutions in the further verification of SEADYN configurations.

2.3 Mode Solution

The MODE analysis option is available to enable the user to identify sig-

nificant modes of structural response for any structural configuration.

This information directs the analyst toward identifying the worst loading

conditions and possible structural mechanisms. This becomes of major im-

portance when dealing with complex systems.

2.4 Baseline Capability Matrix

The baseline capability matrix is included as Table 1. The first column

identifies those capabilities that currently exist in the free format version

of SEADYN. Each of the capabilities listed have been tested by the baseline

problems. The second column indicates the appropriate reference in the most

recent input manual, dated May, 1981. A detailed explanation of each capa-

bility can be found in the notes of the references. The third column in-

dicates which options have been verified by the five test cases. A capa-

bility is considered to be operational when the results of the analysis show

a clear and intended system response. This is to say that generated cate-

naries should show continuity in configuration and internal loading, that

an imposed displacement should result in the intended boundary locations,

and that the variation of physical parameters should affect the system in a

manner that can be anticipated. Verification of numerical solution methods

i L ...... ...... ......[. ....... . ..... ... .w.. ... ..... ..
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is more difficult, especially with regard to dynamic analysis. Once the

MODE analysis was verified on a simple system it was used as an ail in in-

terpreting the dynamic response attained during the analysis. Clear veri-

fication of more complex analyses was not entirely possible. Because of

this, the simpler test cases were used to verify the solution option capa-

bilities.

The manual dated May, 1981, is not entirely accurate with respect to input

data. Several significant changes have been made in the last few months,

so that a new manual should be issued. The capabilities discussed in the

manual and as included in the matrix of Table 1 are working with the excep-

tion of modelling a cylinder. The prcgram finds no solution when a cylinder

is used in place of a sphere. The solution tends to diverge. This capa-

bility was tested in Case number 3.

One inconsistency in the manual that should be noted is that the payout

length as defined in the manual is not correct. The manual states that a

node will be payed out when the length of the payout element equals twice

the mitosis length. In fact, payout occurs when the payout element equals

the original element length plus the mitosis length. The listings that are

included in Appendix B represent cases that successfully verify specific

capabilities.
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3.0 TEST CASES

The test cases are intended to demonstrate current capabilities of the pro-

gram. These cases can be used for comparison when verifying future versions

of the program. Listings of the input and output for each problem may be

found in Appendix B. Descriptive sketches have been provided in Figure 2-4.

3.1 Single D.O.F. Test Case - Sudden Release

The primary objectives of this test are to exercise the various numerical

solutions in dead load analysis and dynamic analysis, and to test the re-

start capabilities of SEADYN. The initial configuration is input as a

stretched condition with pretensions in the two cable elements know. The

weignt at the center is released under gravity loading during the dynamic

analysis. The Direct Integration method was most successful in reaching a

solution, even when the analysis was begun with no previous dead load solution.

The Modified Newton-Raphson method was good only for dead load analysis, and

in fact necessary before the Residual Feedback method could proauce a dynami:

solution. Restart capabilities checked out as expected.

3.2 Single D.O.F. Test Case - Imposed Displacement

The intent of this case was to continue testing the Viscous Relaxation

Technique. The model was the same configuration used in Test Case number 1,

with one anchor point being moved past the second support. The imposed dis-

placement response in static analysis behaved as intended.

3.3 Single D.O.F. Test Case - Pendulum

This test case was used to test many miscellaneous capabilities because of

ft -4L
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its inherent simplicity. The reference :ase consists of a submerged pendulum,

formed by a spherical mass. A uniform current acts along the length of the

cable element and mass, while an opposing point load is applied at the sphere.

The TFNUSR subroutine is used to ;nput a sine motion to the point load.

Variations on this problem are listed in Figure 3. The attempt to replace

the sphere with a cylinder failed. The program did not converge for this

simple case. Dr. Webster has been informed of this problem.

3.4 Cable Laying Test Case

The major purpose of this test case was to check out the payout capability

of the program and to verify the catenary generation option. The first pay-

out problem involved payout from a moving vessel. The catenary was generated

by the program, given the first and last nodal positions. The program esti-

mated pretensions from the material properties of the cable elements and the

given nodal positions. The payout capability worked correctly, except as

noted in Section 2.4.

3.5 Catenary Test Case

The objectives of this case were to test catenary generation, allowing the

cable to sag, to test motion inputs at a surface buoy and to test the release

of anchors near the seafloor. A catenary that was supported at one end by a

surface buoy and the other by a submerged fixed point was generated success-

fully by the program. Imposed displacements were applied to the buoy

dynamically using TFNUSR. The moving boundary option performed correctly.

The top node representing the buoy was held fixed in order to find a dead

load solution for the catenary. The buoy was then freed in the horizontal

direction and an harmonic function was input successfully.

.1
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4.0 CONFIGURATION MANAGEMENT DLAN

The purpose of a configuration management plan is to document a mecnanism

by which corrections, additions and updates to the SEADYN program may be

introduced to the publicly available versions in an orderly fashion. Three

distinct configurations of the program should be maintained by NCEL. in

order of decreasing permanence, these may be defined as an operational

version, a test version and a developmental version.

4.1 Support of Operational Capability

An operational version of the program must be maintained which exhibits

only those capabilities that have been verified. This is the version of the

program that will be used on a daily basis by NCEL and public users for

structural analysis. It is important that one verified version always be

available. Through continued use of the program, program errors will prcbably

be discovered. Corrections to the coding should be made on test versions of

the program and later introduced to the main operational program. Support

work will involve continued verification of the present operational version,

identification of coding errors found through internal and public usage, and

the introduction of corrections, updates, and new developments to the opera-

tional version.

4.2 Application of Test Cases

A test version of the program is required for two purposes, one being the

testing of major revisions as they become available from the developmental

configuration; the other purpose being the testing of minor coding error

corrections, which can be corrected directly on this version.

WA
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4.3 Program Development Support

Program development will be geared toward accommodating operational re-

quirements for new solution capabilities, and toward providing better

program efficiency. This may include major restructuring of the present

configuration, affecting input specifications as well as internal sub-

routine solutions. It is important that a separate file be available for

major modifications and additions. It is equally important that new de-

velopments be well documented in so far as their effect on the existing

program and input specification is concerned. Support for program develop-

ment involves identification of required new capabilities, evaluation of

present program efficiency, implementation of these changes, and documen-

tation of all changes to the original version of the program.

4.4 Configuration Management Structure

SEADYN management should be based on a three version system as described

above. NCEL would designate an in-house or contract coordinator who would

receive input from users concerning desired new capabilities, errors found

in the operational version, and the degree of program efficiency. This

coordinator would perform the operational support functions presented in

Section 4.1 and coordinate the activities of a configuration management con-

tractor with the needs of the users.

The configuration management coordinator will work with a program development

contractor, presumably the author of SEADYN, to update and corre:t the program

using the developmental and test versions. After modifications have been com-

pleted at the developmental level, the configuration management coordinator

U4
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will be responsible for completing documentation of the modifications, anc

thoroughly testing the revised program using the test version. During the

verification work there will no doubt be extensive interaction between the

coordinator and the development contractor until the new configuration is

completely verified. The configuration management coordinator should have

responsibility for introducing the revised operational version and distribut-

ing the updated user's manuals.

L.!
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5.0 SUMMARY

Within the scope of the present effort a baseline capability has been de-

fined for the SEADYN program fixed format version. These capabilities, as

itemized in matrix form, have been verified by test cases, designed to

exercise all user accessed options. The test problems are intended to be

used as a standard in the verification of future program modifications.

A plan for implementing these modifications in a controlled manner has

been suggested. The plan is based on the recognition of the need to con-

tinually maintain a verified operational version of SEADYN. Implementing a

configuration management plan which incorporates standard tests should

enable NCEL to meet the requirements of its SEADYN users with a minimum

amount of effort.

iW
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STATEMENT OF WORK
ENGINEERING SERVICES FOR CABLE DYNAMICS

80-0004
31 January 1980

1.0 Introduction. The Civil Engineering Laboratory is the Navy's activity
with responsibility for research and development related to the siting, design,
installation, operation and maintenance of fixed ocean facilities. Many of
these facilities take the form of suspended cable structures. CEL has been
engaged in a major program of research into the dynamic bahavior of cables and
moored cable structures in the ocean. A variety of computer simulation models
have been developed for analysis and design of these structures. The models
are generally complex and specialized and require large main-frame computers
for their execution.

2.0 Scope. The contractor shall furnish the necessary services to perform
tasks re7ated to the siting, design, construction, installation, inspection,
operation, maintenance, and repair of ocean-based facilities. Also, included
may be concept formulation, preliminary design, development of plans for ex-
periments, program/project documentation, and reduction of test data. These
services shall be for a period of twelve months or until the $90,000 limit is
reached.

3.0 Performance Requirements. Services to be provided shall be accomplished
at the contractor's office with the exception of such engineering field in-
vestigations or surveys as may be required. No direct supervision of the con-
tractor's employees will be provided by the government.

3.1 Services. Services on the definition and demonstration of the baseline
capab 77fies of the SEADYN computer program by establishment of test cases
that: (a) define and test present SEADYN capabilities, and (b) define and
test new capabilities before they are added to the baseline shall be provided
as follows:

The contractor shall prepare a matrix of present aid planned SEADYN
capabilities and indicate which of the capabilities have been verified
-and which have not. The baseline version of the program is defined by
the list of present capabilities which have been verified by exercising
those capabilities on actual or test problems.

The contractor shall define a set of test cases that, when taken to-
gether, will comprehensively exercise the various optional capabilities
of SEADYN. The test cases are to be used by the Government to manage
program changes, debugging and updating operations by providing a standard
means for testing the program. The test cases shall address the existing
capabilities of the program (i.e. baseline version) and additional new
capabilities separately. The baseline version test cases shall be dem-
onstrated by executing the SEADYN program on those cases.

The contractor shall prepare a configuration management plan for
implementing the test cases as part of an overall computer simulation
testing and validation program. The plan shall define a mechanism for
utilization of the test cases in control of program revisions, updates
and debugging.

VW7



80-0004
31 January 1980

3.2 Reports. The results of this effort shall be submitted to the Officer
in Charge of Contracts, Civil Engineering Laboratory in the form of letter
reports. An original (1) and three (3) copies of each report shall be sub-
mitted as follows:

(a) Matrix of present and planned capabilities 45 days after award

(b) Definition of test cases

(i) Present capabilities (including
demonstration) 60 days after award

(ii) New capabilities 150 days after award

(c) Configuration management plan 120 days after award

3.3 Couter Usage. The Government will bear directly the cost of computer
usage by the contractor for this effort by assigning to the contractor an
account number held by the Government on a commercial computing network. The
contractor is authorized to make computer simulations required by this con-
tract not to exceed a total cost of $6,000.

The contractor shall monitor his computer usage under this contract to insure
that the authorized computing cost limit is not exceeded and report weekly to
the Officer in Charge of Contracts. The report shall consist of either ac-
tual dayfiles from the preceeding seven days or an equivalent written itemiza-
tion of the pertinent dayfile cost and accounting information in $500 in-
crements.

3.4 "Open-End" Provisions. This is an open-end contract; the total amount of
this contract shal! not exceed $90,000 without further authorization. The Min-
imum contract price will be that negotiated price for the specific services of
paragraph 3.1. The additional services which the contractor may be required
to furnishand the government to accept hereunder from time to time shall be
as ordered by the government during the period of this contract. In any event,
however, the government shall order services hereunder having an aggregate
value based on the rates specified herein not less than $100. No single task
will exceed $20,000 per authorization. All task assignments and authorizations
to proceed will be issued by the Officer in Charge of Contracts on Standard
Form 30 and shall include:

(1) The date and number of the modification,

(2) The contract number,

(31 Description of services, "Statement of Work",

(4) Delivery dates,

(5) Accounting and appropriation data.

2 WI



80-0004
31 January 1980

Prior to issuing the Standard Form 30, the Officer in Charge of Contracts, or
his designated representative, shall furnish and discuss with the contractor
the statement of work for the task. After which, the contractor, using the
predetermined labor classifications and rates set forth in the contract shall
submit a finm fixed-price proposal to the Officer in Charge of Contracts. Up-
on receipt of the contractor's proposal a price for the proposed task will be
negotiated. Issuance of a notice to proceed is not authorized, except by
Standard Form 30.

An hourly rate plus overhead and profit for personnel in the appropriate cate-
gories will be established as part of the contract and will be applicable for
the period of the contract.

3
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