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FOREWORD

Since 1976, Aerospace has been working with the Minerals Management Service
(MMS)1 on conceptual apprbaches to assessment of structural integrity of
fixed offshore platforms. A promising concept, Flexibility Monitoring
evolved duiing these studies. As a result, the Aerospace Corporation
initiated effort under an Interagency Agreement between the.MMS and the U.S.
Air Force Space Division in April of 1981 to evaluate the operation of
specialized hardware and its ability to acquire data of sufficient quality to
support the Flexibility Monitoring technique. Extended testing on a 1:13.8
scale model structure (Phase I) was designed to check out the hardware and
test procedures prior to generating detailed plans for testing the technique
on offshore platforms (Cognac-Phase II and Garden Banks-Phase III). A shaker
was used on the scale model whereas the ambient excitation of wind and waves

was employed in the testing of the offshore oil platforms.

The two field tests provided compelling evidence that good signal quality is-
achievable when employing both the type of equipment outlined in this report
and experienced personnel to exercise stringent quality control procedures.
It has also been confirmed that Flexibility Monitoring has the necessary
discriminatory attributes for jacket damage detection in that it can localize
damage to the bay and possibly even to the face and not be misled by

foundation and deck mass changes.

This report has been prepared for the Minerals Management Service, U.S.
Department of the Interior under Interagency Agreement Numbers
1-6009-05813(64), 2-6009-05813(64) and 3-6035-25213. The Technical Officer
for these agreements was Mr. Charles Smith, Technology Assessment and

Research Branch, Minerals Management Service.

IMinerals Management Service (MMS), as used in this report, refers to both
the present MMS organization and the Conservation Division of the U.S.
Geological Survey which was incorporated as part of the MMS in March of 1982.
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EXECUTIVE SUMMARY

Progressively larger and costlier structures, deeper waters and more severe
weather conditions have prompted a growing concern for the structural
integrity of fixed offshore platforms and the resultant safety for
personnel. Historically, divers and remotely controlled submersibles have
been eémployed for this task, however, even in shallow waters these
techniques are time consuming and costly. Various platform monitoring
techniques are being investigated for the purpose of reducing inspection
time and costs and to provide a reliable structural integrity indicator in
lieu of detailed visual inépections. Evaluations of a promising technique,

called Flexibility Monitoring, are presented in this report.
The Flexibility Monitoring Method and Its Applicability

Flexibility Monitoring has been conceived, analyzed and experimentally
tested as to its effectiveness for identifying significant loss of stréngth
to a jacket platform. Inasmuch as strength loss is generally evidenced by
corresponding increases in shear flexibilities of the jacket bay involved,

the method is based upon measurement of ' specially defined flexibility

. parameters. These parameters are defined as the ratio of shear deflections

across each jacket bay, divided by the corresponding shear deflection
between the decks, as they occur in the three fundamental modes of vibration
(two sway and torsion). They can be measured accurately from the random
responsés of the jacket to ambient sea and wind excitation without regard to
weather and sea state (for other than extremely severe events) and with
little regard to the operational status of the platform. The key
requirement is the absence of a significant degree of atypical mechanical or
electrical noise. The Garden Banks tests showed that high quality results
can be attained in a calm sea, near the bottom of the structure (where the
amplitudes are the lowest of anywhere on the structure), and in the presence

of drilling operations--and further, that the results can be accurately

repeated.
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It is judged that 5% accuracy or better can be achieved for measurement of
flexibility parameters in an operational Flexibilitf Monitoring application
having optimized equipment and procedures. The degree of repeatability in
measuring flexibility parameters for a lower bay of the Garden Banks
platform ( £ 3.4%) lends support to this judgment. This degree of accuracy
requires the following: '

a. Force-balance instruments of the quality currently being used by

industry (reported herein).

B. Means for accurate, and highly repeatable, positioning and
angular orientation of instrument packages at the jacket bay
levels. Instrument chutes of the type currently installed on
some recent platforms can be ideal for this type of monitoring if

carefully oriented and rigidly supported.

€. Quality signal conditioning and digital data processing systems
tailored to the demanding requirements of this application,
(including software) operated in real time by trained personnel

following established procedures.

d. Precise relative system calibrations using ambient excitation

onbéard the platform.

Baseline data can be obtained at any time in the life of a platform to serve

as a reference for subsequent monitoring tests.

Evidence of significant flexibility changes within a jacket bay can be
unambiguously identified and localized to the bay and sway direction
affected. The following effects will, at most, produce smooth changes iﬁ
flexibility parameter distributions and will, therefore, not lead to

confusion about local damage of the jacket:
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a. distributed flexibility change of the foundation

b. mass changes on the decks, member flooding and marine growth (The

latter two were evaluated in Ref. 2 and Ref. 12)

¢. magnitude of platform dynamic response (that is, variable sea
state) introducing mildly nonlinear effects in terms of soil
behavior, vibration damping and degree and intermittency of
intercontact by ungrouted piiés and conductors with the jacket.
(These have not been studied specifically, but are reasonable

expectations.)

The Flexibility Monitoring method can also identify changes in flexibility
of the foundation. And, in more general terms, Flexibility Monitoring can
play a valuable role in the experimental identification of the system

dynamic flexibility parameters.

Effective operation of Flexibility Monitoring can be conducted wusing
specially developed portable equipment and experienced personnel using

careful quality controls to assure accuracy of the measurements.
Scale Model Testing

The testing of a simplified subscale model (1:13.8) of a 4-leg offshore
platform entailed precise calibration of the instrumentation followed by the
acquisition and real time analysis of data from a series of actual damage
tests. The prime purpose of these tests was to evaluate the specific
implementation of the Flexibility Monitoring Technique proposed for field
testing of operating offshore platforms; i.e., accelerometer placement, real
time generation and analysis of flexibility parameters wusing portable
equipment. The second purpose was to experimentally explore some basic

sensitivity characteristics of the technique.
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Field Testing

In April 1981 mutual interest was established for cooperative testing
programs with Chevron, Shell and Union 0il. The Union platform, Cerve:za,
installed in August 1981 was selected for initial field test evaluation. It
was considered to be a highly desirable candidate because of its height and
because it offered an opportunity to test under a low deck mass condition
shortly after installation. A future retest opportunity with greatly
increased deck mass would then provide an ideal demonstration of the
insensitivity of flexibility parameters to deck mass. However, a Union
decision to delay the schedule for development of the instrumentation

packages precluded this possibility.

It was'then judged that the Chevron U.S.A. Inc. Garden Banks platform and
instrumentation package development schedule best fit the initial
evaluation. During the months of June, July and August 1981, meetings were
held at the La Habra, California facility of the Chevron 0il Field Research
Company to discuss instrumentationm, data acquisition and test procedures. A
trip was made to Chevron's platform Grace in the Santa Barbara Channel,
California, to check out prototype instrumentation. In September Aerospace
received the Gﬁrden Banks mathematical model and structural details from
Chevron and initiated effort to install the model on the Aerospace computer

system.

Aerospace maintained constant contact with both Chevron and Shell as it
became increasingly apparent that both companies were at approximately the
same stage of development with their instrumentation packages and data
acquisition systems. Consequently, coordination meetings were held with
both groups regarding package development, calibration, data acquisition and
test procedures. During the month of November 1981, Aerospace received the
mathematical model and drawings of the Shell Cognac platform, as well as the

working agreements from both industry groups.
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By February-1982 the prototype instrumentation packages had been tested, the
operational packages fabricated and placed on both platforms for preliminary
test. Negotiations between Aerospace and Shell quickly resulted in an
equitable working agreement document and so the Shell Cognac platform became
the designated subject for the initial field test. Efforts on the Garden
Banks platform mathematical model were discontinued at that time and the
installation of the Cognac platform mathematical model on the Aerospace

computer system was initiated.

Field testing on the Cognac platform was conducted during the month of April
1982. ' '

The physical layout for the relative calibration of the instrument packages
was very satisfactory. Coherence results of 0.998 or above were obtained at
frequencies of the fundamental modes. Thus, high statistical confidence in

the calibrations was clearly achievable.

The planned real-time determination of flexibility parameters was not
achievable because of the unanticipated misalignment of the instrumentation
chutes on two of the four corners. Before this condition was identified,
the analog summing unit and dual-channel analyzer were utilized as planned
and the equipment performed well. The resulting flexibility parameters
displayed poor coherence because of the misalignments of two of the four
underwater packages. In addition, looseness of the two misaligned chutes at
the 12-foot level produced spikes in the accelerometer signals from those
packages further deteriorating coherence. Checks of coherence of
accelerometers in the other two chutes showed values near unity when related
to a corresponding lateral acceleration at the deck. It was thus apparent
that with known orientation and well supported chutes, good quality data can

be obtained.

As a first field experiment, the Cognac test was a useful learning
experience. Test design for the second field test benefited considerably

from this prior evaluation.
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Field Testing on the Garden Banks platform was conducted during the month of

December, 1982.

The physical layout for the relative calibration of the instrument packages
was different from the ;ayoutAon the Cognac platform because of-the unique
orientation of the accelerometers within the packages. The resident deck
accelerometers were permanently affixed to a lég and the packages were
placed in orientation stands on deck plating about one meter distant. The
relative calibrations were somewhat less satisfactory than expected. It is
believed that this difference was primarily the result of slight differences
between vibration as sensed on the deck plate versus on the nearby leg--with

differences occurring sporadically.

The real-time determination of flexibility parameters was achieved with a
high statistical confidence. In addition, testing was repeated at both the
lowest bay and the highest level, including repositioning of the packages,
to check on the short term (13-22 hours) repeatability of the technique.
Results were very favorable with flexibility parameters differing by less
than 5 percent~-testimony to the <considerable capability of the

instrumentation and data acquisition and processing systems.

Further sophistication of the analog summing unit is being considered, i.e.,
o a capability for phase compensation
0 a capability to compensate for wunique orientations of the

instrumentation packages.
Sensitivity

An evaluation was made to assess the relative payoff of wmathematical
modeling studies on the specific field structures versus a study on generic
models using a generalization of the approach taken in Ref. 7. It was
deemed that information of greater overall value, given the practical
constraints on the effort, would be obtained by generic model studies,

therefore, modeling of the actual platforms were not carried out.
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The sensitivity of the Flexibility Monitoring method for damage detection
was exﬁlored in two ways. First, an experimental study was conducted on a
simple 4-leg laboratory model and then an analytical study was made on
generic mathematical models spanning a wide range of geometric complexity:
4-leg, 4 bay; 8~leg, 6 bay; and 12-leg, 11 bay. The details of these two
studies appear in Sections 2 and 5, respectively. Essential trends which

make Flexibility Monitoring attractive were observed.

a. Vertical diagonal member failures produced changes in flexibility
parameters only for the bay and in the direction or directionms
involved (that is, lateral and possibly torsion). Elsewhere the

changes were negligible.

b. Foundation flexibility or deck mass changes produced a smoothly
varying shift in the overall flexibility parameter shape. The
major effect was due to the rotational flexibility (allows

platform rigid?body rocking).

c. Torsion/lateral coupling, when sufficiently strong, permitted

identification of the face of the damage.

It has, therefore, been confirmed that Flexibility Monitoring has the
necessary discriminatory attributes for feasibility of vertical diagonal

severance detection in that it can localize the damage to the bay and

‘direction involved (and possibly even to the face) and it will not be misled

by foundation and deck mass changes.

In ascending order of significance, the degree of shift of flexibility

parameters due to vertical diagonal severance increased with the following

factors:
a. The depth of the bay.

b. The degree of lateral/torsion coupling produced by the severance
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¢. The lack of significant rocking flexibility of the foundation
d. The lack of redundancy of vertical diagonal braces within a bay

The 1lack of redundancy, of course, gave rise to a decrease in damage
strength rating due to severance. Figure 5.5 clearly shows the trend of
increasing magnitude of flexibility parameter change with reduced damage
strength rating. The relatively little redundancy of a 4-leg platform (with
single diagonal brace) led to flexibility parameter changes which were from
100 to 300 percent in at least one of the affected modes. It is expected
that crossed bracing would reduce the sensitivity to severance of one
vertical diagonal to no more than 50 to 150 percent. For results of a study
of a particular X-braced, four leg platform, see Ref. 12. For the 8-leg
platform, the sensitivity to loss of diagonal stiffness depended a great
deal on the face involved. On the exterior end-on faces, the flexibility
parameter change was a relatively high 50 to 90 percemt, with the torsion
mode being a far stronger indicator for the soft foundation. For the
interior end-on and the broadside faces, the lateral mode was the most
responsive and the change was as low as 12 percent. The flexible foundation
was not significént relative to the platform flexibility for the 1l2-leg
platform and the changes for failure on any face did not fall below the
least sensitive 8-leg platform failure case with a flexible foundation,
namely 12 percent. For all platforms the percentage change increased with
the depth of the damaged bay with only one exception (the torsion mode for

case 5; see Table B.3.

The reader is cautioned that the trends observed in the sensitivity studies
are the most reliable aspect and that the numerical values of sensitivity

are only indicators of order of sensitivities expected for actual platforms.

Based upon the analytical studies and extrapolating therefrom, the following
judgments are made on the premise that at least a 15 to 20% local increase

in a bay or foundation flexibility parameter will be necessary for reliable

failure identification.
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a. There is little question of the adequacy of the sensitivity of
Flexibility 'Monitoring, for a 4-leg platform, to identify

severance of a single vertical diagonal brace even if cross braced.

b. For an 8—1eg platform, such identification was possible for a
relatively stiff foundation in rocking, especially in the absence
of cross bracing. Cross bracing and significant rocking maae
problematic the identification of ‘individual vertical diagonal

severances, especially for interior and broadside face members.

c. Identification of single severance of most vertical diagonals in a
12-leg jacket was problematic. End-on, outer-face vertical

diagonals are expected to be identifiable if uncrossed.

Multiple member damage in a given bay, affecting the same lateral direction,
produces larger flexibility parameter ;ncreases than that for failure of a
single diagonal and identification becomes increasingly easier. It appeared
that an effect comparable to two diagonal severances will be identifiable in
most cases for either the 8-leg platform on a soft foundation or the 1l2-leg
platform. More definitive statements will require analytical predictions of

sensitivity for specific structural configurationms.

‘In concept, Flexibility Monitoring is directed towards the detection of

shear flexibility change of individual bays of a jacket and of the
foundation. As such, it is capable of detecting the severance of vertical
diagonal bracing which is the principal contributor to jacket shear
flexibility. In general, horizontal members do not contribute significantly
to this flexibility (Ref. 6 and Ref. 12), and thus, their failure may not be
detectable by this method. To the extent that failure of vertical members
or piles induce significant rotation in mode shapes, such failures will show
up in flexibility parameters (Ref. 2 and Ref. 12). Specific attention has

not been given to such failures in this study.
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Recommendation

A repeat field test is recommended on the Garden Banks structure. Several

worthwhile objectives are apparent:

a. evaluation of refined calibration and equalization procedures for

the accelerometers

b. evaluation of measurement repeatability after more than a year of

.elapsed time

c. the opportunity to observe effects of a significantly different
deck loading and type of operation than for the original test

which was carried out during drilling operationms.

In addition, a mathematical modeling and evaluation effort on the Garden
Banks structure is recommended. Failure sensitivity studies wusing that
model could then be conducted: (1) to test the reasonableness of the
present generic model results and (2) to specifically examine the damage

detection capability of Flexibility Momitoring for this platform.

It is also recommended that field tests be structured to verify that jacket
failure can be identified in a field situation. Practical considerations
suggest use of a platform undergoing repair or scrappage, or some platform
that is no longer serviceable and has been or can be designated as a test
platform. Hopefully, already developed instrumentation could be utilized on
a loan or rental basis from industry. Diver installation of the instrument
packages would be required since chutes would likely not be present.
Clearly a great deal of planning and industry cooperation would be essential

to the conduct of a meaningful test at reasonable cost.
Due to the potential utility of instrument chutes (e.g., for oil company

design evaluations, as well as possible application of Flexibility

Monitoring), an effort evolved during the subject work to explore such

10
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considerations. Technical liaison with industry was established via
individual representatives from Chevron, Exxon, Shell and Union 0il--all of
whom have installed andfor are in the process of installing chutes on
platforms for monitoring purposes. A key objective is to standardize the
chute interior dimensions to help make commercial development of an
instrument package economically feasible. It is recommended that MMS
consider support of this work which could result in the development of a
guideline document for industry. The document would address the
requirements for Fiexibility Monitoring, as well as those for monitoring in
general. It is hoped that the design and installation of chutes for several
upcoming structures off the California coast, for which chutes have been
sanctioned, will be favorably influenced by the interchanges and agreements

that have and will take place in coordination with industry representatives.

11
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1. INTRODUCTION

The quest for the 'discovery of new o0il and gas deposits has motivated
government and industry to expanded exploration of the Outer Continental
Shelf (0CS) for new sources of supply. The hostile environments encountered
in these explorations have stimulated considerable effort in the formulation
of new methods for assessments of the structural integrity of fixed offshore
platforms. Progressively larger and costlier structures, deeper waters and
more severe weather conditions have prompted a growing concern for the

integrity of the platforms and the resultant safety for personnel.

Historically, the structural integrity of fixed offshore platforms has been
periodically assessed by the use of divers or remotely controlled unmanned
submersibles. These methods have also beeﬂ used to perform inspections
after storms, collisions, or other occurrences which could damage 'the
platform. Even in fairly shallow waters, these techniques must be applied
selectively and are time consuming and costly. These problems are magnified
in deeper OCS areas where saturation diving is required. As a consequence,
platform monitoring techniques are desired which reduce inspection time and
costs "and provide a reliable structural integrity indicator in lieu of
detailed visual inspections. The Minerals Management Service (MMS)
considers such platform monitoring techniques as potentially wuseful in
conjunction with their current OCS Platform Verification Program. These
techniques can also be used by industry during the life of the platform to

ensure personnel and equipment safety and limit environmental damage.

In response to this need, the MMS initiated a study in October 1976 with The
Aerospace Corporation under Contract 14~08-0001-15989 to (a) review existing
structural inspection approaches in the United States and the North Sea; (b)
perform analyses of selected options; and (c) develop alternative
instrumentation configurations for possible operational applications. It
was determined that the monitoring of the modes of structural wvibration,

which was being applied commercially in the North Sea, appeared to provide

1-1
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the most promising approach. It was, however, not possible to fully
evaluate the North Sea applications in use because of proprietary
restrictions. That fact led to tests performed by Aerospace in September
1977 on the Shell 0il Company Platform C located in South Pass OCS Tract 62
in the Gulf of Mexico as a means of addressing matters related to the
asgsessment of the utility of vibration wmonitoring. The Shell platform is
located in 327 ft (100m) of water, and until about 1978, was among the
taller structures in the Gulf. A total of 26 hours of ambient wvibration
data were recorded, which included periods of both calm and stormy sea
conditions. Only a quick-look analysis was conducted on this data. This
study was completed in October 1977 and is covered in Aerospace Report No.
ATR~-77(7626-02)-1, "Instrumentation of Fixed 0OCS Platforms'.

An ensuing contract (14-08-0001-17224) was initiated by the MMS with The
Aerospace Corporation in September 1978 to: (a) perform a detailed analysis
of the vibration data recorded during the previous contract to extract modal
frequencies and shape parameters; (b) develop a dynamic model of the subject
offshére platform which yielded modes in good agreement with those measured;
(c) determine ‘modal changes associated with single structural failures using
the dynamic model; and (d) develop a plan for evaluating prOCOtype
instrumentation. This study was completed in June, 1979 and the results are

documented in Aerospace Report No. ATR 79-(7787)-1, "OCS Instrumentation

Monitoring Evaluation.”

As a result of the above studies and studies by others of non-destructive
evaluation (NDE) techniques (i.e. Internal Friction Monitoring, Random
Decrement, Acoustic Emissions, Ultrasonic, and more), the MMS proposed to
assess the applicability of the various techniques in a laboratory test
program. The "NDE Round Robin" program was formulated to focus, evaluate
and document the NDE procedures and techniques of a number of advocates, as
well as to compare these methodologies and others which appeared to be
applicable to underwater inspection and monitoring. The "NDE Round Robin"
program, which consisted of baseline and "blind" testing of:subscale models,
was sponsored jointly by the Office of Naval Research and the Minerals
Management Service. The organization of the participants in the "NDE Round

Robin" program is shown in Figure 1l.1.

1-2
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Fundamental Modes, Abovewater Equipment Placement

This approach involved data that could be obtained accurately from
ambient excitation and with abovewater located accelerometers
(Reference 1). This is basically the application of classical
Global Mode Monitoring to this model. In field use, modes from the
second ‘and third modal groups, when identifiable, would also be
employed for diagnosis of failures. Sﬁch modés, however, were not
included for the model since they occurred at an unrealistically
high frequency (compared to actual platforms) relative to the group

of three fundamental modes (2 lateral and torsion).

Fundamental Modes, Abo&ewater and Underwater Equipment Placement

This is an extension to approach #1 involving accelerometers on the
legs at various underwater levels in addition to abovewater
locations (Reference 2). Underwater placement of accelerometers
can readily be made in the field without use of divers if the
platform is equipped with instrument chutes. Such a chute is
typically a square tube, welded to the side of a leg, that enables
entry of an instrument package from abovewater and clamping of that
package at any depth (limited only by the length of the chute).
This approach facilitates the application of the new concept,
“Flexibility Monitoring” which exhibits improved sensitivity and
localizing capability for failure detection. The ambient responses

of the fundamental modes are utilized.

The "Flexibility Monitoring" concept utilizes the basic behavior of
a fixed offshore structure as a shear beam  to detect the shear
flexibility across individual bays of the jacket, as well as gross
flexibilities of the foundation. The term "flexibility" is used to
imply deflection per unit force. The inertial forces acting on the
top of the jacket can be inferred to be proportional to the

measured relative deflections of the above-water structure between

1-5
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the deck and jacket top (boat deck). An estimate of gross ;hear
flexibility of a bay is then proportional to the corresponding
relative deflection across the bay, divided by the above water
'relatiﬁe deflection. Similarly, by appropriate relative deflection
measurements at the foundation, normalized by the same abovewater
force measure, various foundation flexibilities are estimated.
Each level of the platform is assumed to deflect as a rigid body

(i.e., no warping of the level in plan view).

The attractive characteristics of the "Flexibility Monitoring" approach for

51-‘?’1!3]

field application are:

r

1

o

Total reliance is placed upon detection of the fundamental modes,

thus completely avoiding higher mode identification difficulties.

There is relatively low sensitivity to deck mass changes, to marine
growth, to flooding of structural members, and to conductor/guide

contact uncertainty.

Sensitivity to damage and the ability to detect the location of
damage is enhanced relative to the usual Global Mode Monitoring
because flexibility changes are detected on a per structural bay
basis and separately for the base/foundation portion. Thus,
sensitivity is not reduced for tall structures having numerous
bays, as is the case for Global Mode Monitoring. For example, the
model structure in the Round Robin program was analyzed to
determine indicated flexibility changes for a series of damage and
nondamage possibilities. The results for a series of four distinct
diagonal severance cases, in the affected first lateral mode, are
shown in Figure 1.2. The failed diagonals are numbered 1 to 4 at
the left of the figure and the corresponding flexibility parameters
for each failure case are shown at the right. The percent
frequency reduction in the mode for each failure case is shown by
the percent frequency change values. Note that the flexibility

increases for the damaged bays vary from about 80 to 180 percent,
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while much smaller changes (from a 20 percent reduction to a &
percent increase) are indicated for the nondamaged bays due to
minor deviations from the idealized behavior assumed. The face on
which the damage ‘exists is indicated clearly by the much larger
deflection across that face relative to the opposite undamaged
face. Computed results for major deck mass and marine growth

changes show negligible influence on the flexibility indications.

Two complications of the new concept are the need for accuracy in the
underwater placement of sensors and the measurement of relative amplitudes.
Underwater placement, a major operational and cost issue, is mitigated by
the fact that acceléfometer positions on main legs only, are required.
Amplitude accuracy is believed to be the key measurement issue for
Flexibility Monitoring. Of note was the fact that several newer large
structures have had instrumentation chutes installed during construction for
design evaluation phrposes. These chutes lend themselves well to convenient

trial and evaluation of Flexibility Monitoring.

Meetings were held with several owner/operator companies to present the

concept and discuss its advantages, and as a result, key technical and

- management personnel of these organizations agreed to cooperative testing

efforts on their structures.

Subsequently, a multi-phase effort was designed to assess the feasibility -of
Flexibility Monitoring for operational application. The initial phase
involved additional testing on the NDE Round Robin model to refine the
practical application of Flexibility Monitoring prior to field testing. For
the second and third phases of this study, field tests on operating offshore

platforms were proposed. The platforms tested were:

o Cognac (Shell 0il Company)--located in 1025 feet of water in the
Gulf of Mexico. Dry instrumentation chutes were installed on four
corner legs extending to a depth of about 260 feet staying within

the top section of the jacket which is an 8-leg configuration.
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o Garden Banks (Chevron U.S.A., Inc.)--located in 685 feet of water
in the Gulf of Mexico. Dry instrumentation chutes were installed
on three corner legs extending down to below the top of the skirt

piles at 585 feet.

During field tests, accelerometers placed above the water line were employed
to provide a measure of the net forées applied by the deck to the structural
jacket in the three fundamental modes of vibration. Underwater
accelerometers placed at the extremities (top and bottom) of each bay (at
the corner legs) were used to measure shear deflections across the bays and
at the top of the base/foundation. The availability of instrumentation
chutes (minimum of 2 on diagonally opposite corners, 4 being preferable) for
accelerometer packages on the above operating offshore structures permitted

the placement of the necessary sensors without the use of divers.

The inétrumentation and deployment systems utilized by the oil firms were
developed for environmental data gathering and for mathematic model
verification purposes; the development on Cognac was by the Shell
Development Company and on Garden Banks by the Chevron 0il Field Research
Company. Basic ingredients for practical Flexibility Monitoring studies
were present: (1) instrument chutes on corner legs, (2) accelerometer
packages deployable at any position down the chutes, (3) accelerometers
properly placed on the deck, and (4) a data acquisition capability. All
accelerometers were of the force-balance type (also known as
servo-rebalance), which is the most suitable for the necessary precise
measurements. Special test equipment furnished by The Aerospace Corporation
for the real-time Flexibility Monitoring investigations included the same
analog summing unit and FFT signal analyzer previously utilized in the

follow-on testing of the Round Robin model.
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1.1 Summary

This technical report presents the results of a series of evaluations of the

Flexibility Monitoring technique.

Phase I of the evaluation entailed a series of instrument calibration and
damage tests (Appendix C) using a simplified'subscale model (1:13.8) of a
4-leg offshore platform tested at the NASA Goddard Space Flight Center. The
first purpose of the scale model platform testing was to evaluate the
specific implementation of the Flexibility Monitoring technique proposed for
field testing of operating offshore platforms. The second purpose was to
experimentally explore some basic sensitivity <characteristics of the

technique.

Phase II of the evaluation study entailed a field test (Appendix D) of an
operating (production) offshore platform, Cognac, wherein the relative
calibration of instrumentation packagés (designed by the Shell Development
Company of Houston, Texas), the agquisition and recording of vibration data

and real-time data analysis were accomplished.

Phase III of the evaluation study entailed a field test (Appendix E) of an
operating (drilling) offshore platform, Garden Banks, wherein the relative
calibration of instrument packages (designed by The Chevron O0il Field
Research Company of La Habra, California), the acquisition and recording of

vibration data and real-time analysis were accomplished.

In addition, a numerical study of the technique was conducted on
mathematical models of generic platform configurations to assess trends in
sensitivity for various degrees of platform redundancy and foundation
flexibility. '

1-10
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1.2 Objectives

The principal objective of this evaluation study was to assess the overall
accuracy and the practicality of the measurement of flexibility parameters
on representative offshore structures. This involved (1) the accuracy of
relative calibration. of the accelerometer channels, (2) the quality of
ambient fundamental-mode vibration data as a function of elevation on the
structures, (3) the effectiveness of a real-time technique developed by
Aerospace for direct determination of flexibility parameters, (4) the ease
of positioning accelerometer packages at the selected underwater elevations,
and 5) as an adjunct to tests, the sensitivity of the approach on actual

structures.

1-11
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1.3 Scope
Phase”l - Evaluation of Flexibility Monitoring Using Round Robin Model

This phése made use of the subscale model of a four-leg platform (Figure
1.3) utilized for the initial NDE Round Robin Program. All members
previously cut in that program had been restored by welding. For the
extended testing program (Phase 1), the model platform was randomly excited
at the deck by én électrodynamic shaker to enable response measuréments and
data analysis to yield flexibility parameters. The specific goals were (1)
to evaluate the real-time determination of the flexibility parameters as a
precursor to field testing and (2) to investigate experimentally the major
sensitivity issues regarding the Flexibility Monitoring concept. The model
changes made for the sensitivity studies included a severed diagonal, a
large deck mass addition, and a greatly increased flexibility of the

foundation.

As in the Round Robin program, the testing was conducted in a laboratory at
the NASA Goddard Space Flight Center (Greenbelt, Maryland) with Mega
Engineering handling the administrative arrangements. Aerospace operated
the portable real-time equipment and prepared the test plan in consultation
with Goddard.

Phase II ~ Field Test of Cognac Platform

The first field structure available for testing was the Shell Cognac
platform. Instrumentation packages and their deployment down the installed
instrumentation chutes had been checked out by Shell personnel with
satisfactory results. Following that, a cooperative test agreement was

established and the testing conducted during 13-17 April 1982.

The Cognac platform is installed in the Gulf of Mexico in over one thousand
feet of water (Figure 1.4). The top section of this three-section platform
is an eight leg jacket to which instrumentation chutes are installed on the

four corner legs designated as shown. The chutes are square steel tubes

1-12
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(dry interior) that parallel the non-vertical (battered) legs from just

m -

b above the grating at the + 12-foot boat deck to approximately 260 feet below
the sea surface. A portable instrumentation system, developed by Shell was

— . . . . .

. comprised of four instrumentation packages and associated signal

[ S|

brvid

conditioning and recording equipment. A package can be located at any

desired depth within a chute, with the restriction that only one package can

be resident in each chute. Permanently installed biaxial accelerometers

were oriented along the platform lateral axes on the A-1 and B~4 legs about

m,
?i : midway between the upper decks. Triaxial accelerometers within the
instrumentation package were oriented parallel to the local battered axes of

i |

the chute, with the near horizontal axes 1lying within the broadside and

end-on faces. All accelerometers were the force-balance type.

™

Ej‘ As discussed subsequently, misalignments of two of the chutes, which were

: unknown during the measurements, made it impossible to utilize the Aerospace

ﬁj signal-processing apparatus to determine flexibility parameters in real time
as planned. The results were, therefore, limited to post-~test evaluation of

g? the data as recorded on the analog tape recorder.

e

g} Phase III - Field Test of Garden Banks Platform

B

The second field test was performed on the Chevron U.S.A. Inc. Garden Banks

[
¢
)

platform in The Gulf of Mexico during 13-17 December 1982 (Figure 1.5). Dry
instrumentation chutes, similar in character to those on Cognac, were

attached to three of the four corner legs. The chutes extended from above

the middle deck level at +65 feet to just below the top of the skirt piles
53 at about =587 feet. Biaxial accelerometers within an instrumentation
L package deployed down a chute were oriented parallel to the platform lateral

axes. With the capability to deploy two packages within a single chute it

was decided to utilize only the two diagonally opposite corner chutes for

real-time Flexibility Monitoring. Also involved were the permanently

?f"’l

installed biaxial accelerometers above the +65 foot deck.
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Flexibility parameters were measured during the test period using the

Aerospace real-time apparatus.

Sensitivity Studies on Generic Comfigurations

As an adjunct to the tests, computer models of simplified configurations of
structures with 4, 8 and 12 legs were analyzed for the sensitivity of
flexibility parameters to failures of individual diagonal members. The
models included an offset deck center of gravity and distributed jacket mass
for both rigid and flexible foundations. The goal was to establish ranges
and trends of the flexibility parameters. This information was useful for
assessing the potential of Flexibility Monitoring and, in particular, for

establishing accuracy requirements for data acquisition and processing.
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1.4 Ground Rules and Assumptions for Field Test Evaluations

It was necessary to assume certain facts or conditions as a prerequisite to
the development of the field experiments. The following is a list of these

ground rules and assumptions:

o The evaluation of both Flexibility Monitoring and Global Mode
Monitoring for structural assessment was based on ambient
excitation with accelerometer groupings located at positions
above water and in instrumentation chutes attached to the main

legs.

o0  Aerospace and industry representatives ' cooperated and
coordinated their test requirements. A test plan was developed
for the structure wherein all accelerometers, cabling, signal
conditioning, positioning requirements, recording and test
procedures were specified. Special data processing and/or
instrumentation requirements which were beyond the scope of the

intended industry testing, were the responsibility of Aerospace.

o Testing was perfbrmed on two existing fixed offshore platforms
which are owned and operated by Shell and Chevron U.S.A. Inc.
Actual test execution was provided by industry as were most of
the field personnel, instrumentation, and ancillary equipment.
Aerospace supplied the personnel and equipment necessary to
satisfy requirements unique to their testing procedures and
participated directly in all tests. The interpretation of the
test results in terms of flexibility and mode identification
was Aerospace's responsibility. Aerospace provided real time
data quality monitoring and analysis. Suitable recordings of
data were supplied by industry to Aerospace for post-test

studies.

1-18
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1.5 . Approach

The major steps employed in the execution of the above tasks were as follows:

Phase I.

Evaluation of Flexibility Monitoring Using Round Robin Test Model

Modified the Round Robin test setup: (1) introduced foundation
flexibility, (2) positioned accelerometers in an optimum
fashion and (3) specified software for calculation of

flexibility parameters.

Performed comparative calibration testing of the accelerometers
to attain a more precise determination of flexibility

parameters.

Measured the flexibility parameters of the test model
stimulated by forced random excitation for baseline and

damage /change configurations of the model.

-Independencly evaluated the accuracy of portable test equipment

for real-time flexibility parameter determination in the field
by direct comparison of results with those obtained by the test

laboratory

Established guideline criteria for offshore tests in Phase II
and III.

1-19



Phase II1 & III. Field Tests of Offshore Structures

o Coordinated test plans with industry technical representatives
~ to evaluate Flexibility Monitoring approach within the existing
b physical and operational constraints.

] Performed real time evaluation of data using special data

processing equipment.

m

e
o

i I

e
#
[®
0

o Assisted in the execution of the testing.

Performed post test evaluatiom of data using tape recordings

m provided by industry.
.
Sensitivity Studies
: o Formulated mathematical models of simplified configurations of

4, 8, and 12 leg platforms.

Prepared software for determination of the fundamental normal

1
)

s Li

modes and their conversion to flexibility parameters. Included

was the ability to remove the stiffening influence of any of

-

3 the diagonal members.

{7 o Analyzed the 4, 8, and 12 leg mathematical model platform
ot configurations for both rigid and flexible foundations, for
r ‘selected failed members within a bay, and for failures in
] various bays of the platform.
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2. PHASE I EVALUATION PROGRAM

A plan for the extended testing on the Round Robin scale model‘platform was
finalized during the month of April 1981 (Appendix C). The design, assembly
and checkout of the specialized instrumentation equipment (analog summing
unit) and the acquisition of a dual-channel spectrum analyzer, both of which
were used for real time data evaluations, were accomplished during the
months of May and June 198l. The extended testing started on 27 July 1981
to be completed some four weeks later. After two weeks of testing, however,
the program was interrupted by NASA priority activities. The testing was
resumed in February 1982 and completed in March 1982. Data were fowarded to

The Aerospace Corporation on 27 April 1982.

2-1
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2.1 Model Structure and Test Configuration

The four-leg platform model was the same one utilized for the earlier Round
Robin program (Ref. 2, 11). No piles or soil interactions were modeled.
The model stood 11.9' high and was 4.8' square at the base and 3.2' square
at the top (Figure 1.3). The legs were 2-inch (0.D.) steel pipe with a
0.109-inch wall and all the brace members were 3/4~-inch (O.D;) steel pipe
with a 0.065-inch wall. The model was all welded, except for a 1l.5-inch
thick stiffening aluminum honeycomb plate adhesively bonded onto the
0.112-inch thick steel deck plate. Stiffening of the deck was done at
Aerospace request to prevent an unrealistically low fundamental plate mode
of the model deck.

The wmodel was set up in the following sequence of configurations for

determination of flexibility parameters as defined in Figure 2.1.

o) _Baseline structure with soft foundation (rubber pads at leg
bottoms as described in Appendix C).
o Large mass addition at the center of one edge of the deck with

the soft foundation.

o Cut through single diagonal between levels 3 and 4 with soft
foundation.
o Same cut diagonal with hard foundation (rubber pads removed and

leg bottoms bolted directly to large seismic block).
o Cut diagonal welded to return to baseline configuration with

hard foundation (same as baseline for Round Robin Program).
Excitation of the model at the deck was provided by a horizontally acting

. . o . .
electrodynamic shaker oriented at 45 to the lateral axes. The excitation

was broadband random to simultaneously excite the three fundamental modes.

2-2
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2.2 Instrumentation

B Piezoelectric accelerometers were placed along diagonally opposite legs (Al
gz and B2, Fig 1.3) of the model platform for determination of flexibility
o parameters of each bay. Aluminum cubes, 3/4-inch on a side, were bonded at
! each 1level to permit accelerometer attachment for both the x and vy
[ directions of motion. Eight accelerometers were employed for the analysis

of one bay and one direction (x or y). The upper four accelerometers were

ik |

at the deck and level 1 to measure average relative deflection of the upper

L

section of the platform. The lower four accelerometers were at the upper
gz and lower levels, (at diagonal corners) of the selected bay to measure its
o relative deflection. A piezoelectric force transducer was utilized to
;j measure the random force applied by the shaker to the deck plate of the
Ej model platform. A GenRad data acquisition system was employed to gather the
- resultant data. |
i

Aerospace supplied the real-time data analysis system consisting of an
i? analog summing unit and a two channel Fast Fourier Transform Analyzer (Model
" SD 375 Dynamic Analyzer II).
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2.3 Calibration

Relative system calibrations of seven accelerometers with respect to the
eighth were performed by subjecting the accelerometers to identical
sinusoidal motion on an electromagnetic shaker. The relative calibration
factors (amplitude and phase) were entered into the software program to
permit equalization of the accelerometer channels prior to numerical summing
and differencing of the signals necessary for the real time determination of

flexibility parameters. ,

Special instrument calibration tests were conducted with the intent to
define the axis of minimum cross—axis sensitivity for each accelerometer.
The idea was to then orient each accelerometer on the test model so that
cross—axis outputs would be minimized. This approach was found not to be
feasible because the cross-—axis sensitivities, determined as a function of
angular orientation, did not reveal a clear direction of minimum sensitivity

for these particular accelerometers.
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2.4 Data Processing

The laboratory data processing utilized a six-channel GenRad system to
generate frequency responses by Fast Fourier Transform (FFT) processing.
The acceleration and force signals were sampled by a 12-bit A/D converter at
a 102.4 sample/second rate. An FFT transform was applied to 1K blocks of
data using a Hanning window. Results from fifty blocks were averaged to
produce frequency response data at 0.1 Hz intervals of frequency. Selected
acceleration/force frequency responses were determined to identify the three
fundamental resonant frequencies. Acceleration/acceleration frequency
responses were computed to determine the flexibility parameters. See

Appendix C for details.

The portable data acquisition system developed by Aerospace in anticipation
of field testing was utilized to process in real time, the accelerometer
signals in parallel with the laboratory data processing system. This was
done for the initial testing to enable validation of accuracy. Figure 2.2
shows the essentials of the setup schematically. Shown are four
acceleration signals, each selected for sign and adjusted in gain so that
all channels have identical sensitivity, then summed to provide an input
signal to a two-channel FFT analyzer. The analyzer (a model SD 375 Dynamic
Analyzer II by the Scientific Atlanta, Spectral Dynamics Division) was
utilized to digitally process the A and B input random signals to produce a
complex B/A frequency response and associated coherence function by FFT
averaging with a Hanning window. An analog summing unit, built at
Aerospace, contained four groups of four-channel summing networks and
associated gain adjustment amplifiers and sign selector switches. Two such
groups were utilized to provide the numerator and denominator signals for
determination of a lateral flexibility parameter, and the other two groups

to do likewise for a torsional flexibility parameter.
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2.5 Experimental Results

The natural frequencies for the five model configurations identified in
Section 2.1 are shown in Table 2.1. The softness added to the foundation
and the mass added to the deck were qualitative changes designed to provide
major frequency shifts. The lower portion of the table contains a series of
significant comparisons. Figure 2.3 displays the average level deflections
normalized to the corresponding average deck deflection for X-sway and
torsion. (Y-sway results are similar to X-sway and are omitted to avoid
clutter.) In all cases, the diagonal severance below level 3 essentially
shifted the shapes to the right at level 3 and above. Also, the soft
foundatioh produced a relatively large translation and rotation of the
shape. Finally, the added deck mass, even though it provided the biggest
shifts in natural frequencies (see Table 2.1), produced only a relatively
small shift of mode shape to the left. Figure 2.4 displays results for the
non dimensional flexibility parameters (as defined in Figure 2.1), which
emphasize slopes of deflection shapes. Note that the flexibility parameters
for each bay are plotted at the mid level for that bay. Omitted for clarity
Qere results for Y-sway and added mass which, except for scatter, overlay

the baseline X-sway curves.

For another comparison, Figure 2.5 presents the difference in flexibility
parameters for the three configuration comparisons identified in Table 2.1.
The horizontal bars for sway show the spread between the soft and hard
foundation or between the X and Y directions, as labeled. The key

observations from Figure 2.5 are as follows:

1. Diagonal severance produced a strong shift for the bay involved
only in the affected sway direction and in torsion (see short
dotted lines in Figure 2.5). Relatively little shift occurred
for the other bays. Moreover, the magnitude of the shift due
to severance was practically independent of the degree of
softness of the foundation (barring foundation change at the
same time). This was not observable for ‘torsion, only because
the data were unavailable for the hard foundation case with

severance.
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Major increases in foundation softness (8 to 9% reduction in
sway frequencies) produced a strong shift for all bays in both
sway directions (see solid 1line in Figure 2.5), which 1is
clearly distinguishable from the shift pattern due to.
severance. The shift for torsion in this case was generally
small; this is believed to be due to the relatively slight
foundation change for torsion (as evidenced by the relatively

small change in frequency, see Table 2.1).

An increase in deck mass (14 to 15% reduction in sway
frequencies and 9% in torsion frequency) yielded much smaller
shifts in the sway modes than did the foundation alteration,
even though the frequency shifts were considerably larger for

the mass increase (see long dotted lines in Figure 2.5).
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Table 2.1. Configurations and Natural Frequencies

For Model Platform
___Configuration Natural Frequency (Hz)
X-Sway Y-Sway Torsion
A. Hard foundation 19.8 19.1 31.6
B. Hard foundation + severed diagomal 19.7 19.1 31.4
C. Soft foundation 18.1 17.5 31.2
D. Soft foundation + severed diagonal 17.9 17.5 30.9
E. Soft foundation + added deck mass - 15.6 14.8 28.4

Comparisons

Percentage Changes

From baseline to severed diagonal

"Hard foundation (A B)
Soft foundation (C D)

From hard to soft foundation (A

From original to added deck mass

(with soft foundation; C E)

-1
-1

c) -9 -8
-14 -15

2-10
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2.6 Analytical Simulation of Observed Sensitivity Trends

The very simplified mathematical model shown in Figure 2.6 simulated the
basic sensitivity behavior observed in the model testing. 1In this planar
model, the foundation flexibility is idealized as separaée shear flexibility
Af and rotationél flexibility AB’ The effective mass M is assumed to be
concentrated at the top, a distance H from the foundation, and the ith bay
has shear flexibility Ai' The result, for m bays, is a single degree of

freedom dynamic model having the overall stiffness

= 2 "1 .
K (AO*A1+A2+'_"+Am+AffﬂAe) | (v
The natural frequency is
w, = &2 (2)

and the associated mode shape normalized to unity at the top, is

¢i = xi/XO = (Ai R Am + A_ + hiHAe)K (3)

f

where hi is the height of level i above the foundation. Note that the

mode shape is independent of mass.

The flexibility parameter for the ith bay is given by

. Y- Xy Ayt oA
i - X 2 (4)
5 - X Ay + CE A

where o, and o, are the fractions of the total height H occupied by bays

0
i and 0, respectively.
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' rough match of the observed X-sway mode shape: m = 4, all o, = 1/5, A

For the model tested, it was found that the following parameters yielded a

2

= A3 = A4 = A, A1 = 24, AO = 45A; for the hard foundation, Af =

Ae = 0 and for the soft one, Af = 3A and HZAe = 6A. When a diagonal
is severed in the physical model, it is assumed that the entire shear
stiffness of the involved bay face is lost and that the average bajr shear
flexibility becomes double the intact flexibility. Therefore, the severance
of a diagonal in a face of bay 3 is represented by an increased flexibility
in the mathematical model of A3 = 2A. The mode shapes for the hard and
soft foundation, with and without diagonal severance, are shown in Figure
2.7. These shapes are similar to the corresponding measured average X-sway
shapes seen in Figure 2.3. Moreover, the natural frequency shifts match
those for X-sway in Table 2.1: a 1% reduction for the severed diagonal for
both the hard and soft foundation and an 8% reduction from the hard to soft
foundation. The flexibility parameters are illustrated in Figure 2.8 for
comparison to the measured omes shown in Figure 2.4. It is quite clear that
the primitive mathematical model in Figure 2.6 roughly simulated the

experimentally observed sensitivity trends.
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2.7 Findings

The purpose of the extended scale model platform testing was to evaluate the
implementation of the Flexibility Monitoring Technique proposed for field
testing on operating offshore platforms. This evaluation included
performing comparative calibration testing of the accelerometers to attain a
more p:ecise determination of flexibility parameters, evaluating the
accuracy of portable test equipment for real time flexibility parameter
determination in the field , exploring  several basic sensitivity
characteristics of the Flexibility Monitoring Technique and establishing
guideline criteria for offshore tests. All of the objectives were

satisfactorily achieved.
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3. PHASE II EVALUATION PROGRAM

The Flexibility Monitoring evaluation tests were conducted on the Cognac
platform from April 12~-18, 1982. Reall time and playback monitoring and
analyses were conducted during the testing period. All data were recorded
on magnetic tape for additional analysis. These tapes were reformatted by
Shell Development Company and forwarded to Aerospace in late May 1982 where
the data were assessed for quality and wvalidity for the Flexibility
Monitoring concept. A misalignment of the two instrumentation chutes (Bl
and B4, Figure 1.4) was determined during the test. Accurate measurement of
the instrumentation chute misalignment was later 'éccomplished by Shell

Development and data were sent to Aerospace in September 1982.



3.1 Cognac Structure

The Cognac platform shown in Figure 1.4 is an eight-leg structure which was
constructed in three sections. The base section, 182 feet high, provides

guide sleeves for 24 skirt piles which were driven 450 feet into the Gulf

Rl |

B

floor anchoring the platform. The two long sides of the platform were

designated the "A" and "B" rows. The four rows of leg members viewed in the

I

orthogonal direction were given numbers from one to four so that each leg

was identifiable by a letter and number combination, i.e., Al, Bl, A2, etc.

s |

The middle section, 320 feet high and the top section, 560 feet high bring

the total jacket structure to a nominal elevation of 12 feet above mean Gulf

water level (MGL). Upper deck supports extend the platform structure to 70

feet above MGL with a lower deck installed at 55 feet. Eight 72-inch
g; diameter connector pins were inserted into the legs reaching from the
- mudline through the mid-section and into the top section about 170 feet.

With the pins grouted in place, the overall structure became an integral

unit in which the 56 well conductors were installed.

%jf The tests were performed during producing operations with a small, well
: workover rig being assembled on deck.
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3.2 Instrumentation and Chutes

The instrumentation system was developed by Shell Development Company for
environmental data gathering and for mathematical model verification
purposes. Instrumentation included five portable chute packages and
cabling, a data acquisiéion module and resident biaxial accelerometers

permanently attached to legs Al and B4 just above the 55-foot deck level.

The chute packages were four inches square and eighteen inches long. Each
one contained three Sundstrand Q-flex 1200A accelerometers, a buffer line
driver, a power supply regulator and two 1" air cylinders with extending
shafts to clamp the package in position within the chute. Attached to the
top of the package were a lowering line, flexible pneumatic tubing and
electrical cabling to carry signals back to the data acquisition module on
the 55' deck. The lowering line was marked for length to assist in
positioning the package at the required levels. One package was used in

each of the four corner chutes leaving one unit as a spare.

The data acquisition module had the capability of accepting sixteen signal
channels. Each channel was conditioned through a differential buffer
receiver amplifier, a low-pass filter, a high-pass filter, a differential
buffer driver, and then routed to a tape recorder. The recorder was a
Racal/Lockheed Store 14 model, with a l4-track capability, each track having
FM record and reproduce electronics, thereby allowing playback capability.
Maximum FM bandwidth was 20KHz at 60 in./second. Tape reels were one-half
by eight and three-quarter inches and recording speeds ranged from
fifteen-sixteenths to sixty in./second. Attenuation was selectable. The
low-pass filters were employed to 1limit the information content of the

signals to 2 Hz.

Complementing the data acquisition system was equipment supplied by the
Aerospace Corporation to monitor signal quality and perform real time and
playback analysis: an analog summing unit (see Fig. 2.2), a dual-channel
spectrum analyzer (SD 375) and a video plotter for hard-copy retention of

analyzer displays.
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A dry chute was present on each of the four éorners, éxtendiﬁg to a water
depth of 247 feet (approximately 1/4 of the total depth) with access from
the + 12-foot walkway. Deployment was limited to one package per chute.
The deployed triaxial accelerometers were inclined to the platform axes as
dictated by the orientation of the chute. On the Al and A4 corners the near
lateral accelerometers were aligned within the planes of the platform faces
as planmed. On the Bl and B4 corners, however, it was learned late in the
testing that the chutes were misoriented by approximately 15° in rotation
about the leg axis. The Al and A4 chutes had been used by Shell on three

previous occasions but this was the first use of the Bl and B4 chutes.

It was recognized in the pretest planning that real-time determination of
flexibility parameters would be \impetfect for two reasons. First,
acceleration signals along the lateral axes of the platform were not
directly available and the analog summing unit had insufficient capacity to
correct for this by suitably combining near horizontal and near vertical
signals. Given that this testing was foremost a method evaluation effort,
rather than one to measure accurate flexibility parameters, it was decided
to accept the resulting modest errors and use the near horizontal signals as
if they were truly Thorizontal. Second, there was insufficient
instrumentation available to measure near the +12-foot level simultaneously

with measurement at two underwater levels across a bay. It was decided to

accommodate this limitation by normalizing a bay relative acceleration in

real time by deck acceleration. The abovewater relative acceleration (deck
to +12-foot level) was also obtained with this same normalization. A simple
division of the two results yielded the desired bay relative acceleration
normalized by the abovewater relative acceleration, which is by definition a
flexibility parameter. This same normalization process was also utilized
for the Garden Banks pl#tform. Hereafter, reference will be made to
"real-time" determination of flexibility parameters even though the

determination is carried out in two steps,
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3.3 Calibrations

The instrument packages were calibrated statically in the laboratory at the

Shell Development Company prior to their transport to the Cognac platform.

After installation on the Cognac platform, the data acquisition module

operation was checked out. Tape calibration signals were recorded directly

on tape (all data tracks).

Relative system calibrations were accomplished by strapping two instrument
packages together, positioning them in the recess of vertical I beams at
legs Al and B4, activating the pneumatic plungers and recording the data on
tape while performing real-time frequency response analyses. Alternate
pairs were calibrated at both Al and B4 positions to cover all
combinations. Signals from the resident accelerometers at Al and B4 were
also employed. The net gains of channels in the analog summing unit were

equalized using the relative calibration results.

3-5
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3.4 Data Acquisition

Upon completion of the system calibrations, four packages were taken to the
+12 foot level (boat deck) where one package was inserted in each chute on
the four corner legs. Packages 3 and 4 were positioned just below the +12
foot level on legs A4 and Bl, packages 1 and 2 were positioned at the -32
foot level on legs B4 and Al respectively and one hour and 48 minutes of
data were recorded. Due to a power loss at midnight, during the test, a
rerun of 1 hour and 42 minutes was recorded the next morning using the same

package deployment configuration.

The tape recorder used accommodated a total of 14 channels of informationm,
two of which were reserved for reference frequencies for tape recorder speed
compensation. The four packages generated 12 parameters (x, y, z times 4),
the two resident_accelerometer installations generated 4 parameters (x, y
times 2), and the analog summing unit (Figure 2.2) generated &4 parameters
for a grand total of twentj. The tape recorder was limited to twelve,
therefore, two tests were conducted at the Bay #l1 and Bay #4 levels to allow
recording of all the required data parameters for a complete evaluation of
both x and y flexibility. Tests on the other bays recorded only selected

parameters (x or y).

Bay #2 was tested by lowering packages 3 and 4 from the'+12 foot level to
the -92 foot level and recording one hour and 30 minutes of selected data.
In turn, packages 1 and 2 were lowered from the ~-32 foot level to the =167
foot level to test Bay #3 where one hour and twenty minutes of data were
recorded. Next, to test Bay #4, packages 3 and 4 were lowered from the -92
foot level to the =247 foot level where one hour and thirty-four minutes of
data were recorded. A second test run of one hour for Bay #4 was followed
by half hour test runs in Bays 3, 2 and 1, positioning the packages as

described above, before removing all four packages from the chutes.

Real time monitoring of data using the Aerospace analog summing unit and
dual-channel analyzer was accomplished during each test run using selected
data channel combinations, as well as individual data channels. Additional
analyses were performedvas desifed using the playback capability of the tape

recorder.

3-6
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3.5 Findings

The procedure for relative calibrations of the packages was satisfactory.
The physical setup worked out well and very high coherence results (0.998 or
above) were obtained at frequencies of the fundamental modes. Thus, high

statistical confidence in the calibrations was clearly achievable.

The planned real-time determination of flexibility parameters, however, were
not achievable because of the unanticipated alignments of the chutes on the
Bl and B4 corners. Before this was identified, the analog summing unit and
analyzer were utilized as planned and the equipment performed well. The
resulting flexibility parameters, however, displayed very poor coherence.
In retrospect, this was caused by the misalignments of the Bl and B4 chutes
which introduced a mixture of x and y accelerations in the bay shears
resulting in only partial'correlation with either the x- or the y-directed

deck accelerometers.

Another difficulty with signals coming from the Bl and B4 chutes was the
presence of noise spikes in the data which were especially strong when a
package was positioned in the chute at the 12-foot level. Based upon
observed looseness of these chutes at that level, it was postulated that
some rattling of these chutes, probably 6n1y at their upper ends, was the
source of high frequency signals which momentarily overloaded the data
channels. Such noise deteriorates coherence and consequently the accuracy

of flexibility parameter determinations.

Checks of coherence of near lateral accelerometers in the Al and A4 chutes
showed values near wunity when related to a corresponding lateral
acceleration om the deck. It was thus apparent that, with proper

orientation and well supported chutes, good quality data could be obtained.
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The Cognac test was a valuable learning experience for field application of

Flexibility Monitoring. The underwater positioning of instrument packages
worked very well; the attainability of high coherence data was demonstrated,
and chute problems to guard against in the future were identified. The test
did not achieve all that was desired because real-time determination of
flexibility parameters was unsuccessful. Although possible, no attempt was
made post test to extract flexibility parameters from the recorded data by
accounting for the known misalignments. It was believed that such results
would be so questionable quantitatively that the necessary data reduction
effort was not justified. Modification of the data acquisition equipment is
required fof'accurate real time flexibility parameter determination for the

Cognac platform.

The Cognac test, as a first field experiment, contributed significantly
toward possible practical implementation of the Flexibility Monitoring
approach. Test design for the second field test, described next, certainly

benefited considerably from this prior experience.

3-8
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4. PHASE IIT EVALUATION PROGRAM

The Flexibility Momitoring evaluation tests were conducted on the Garden

Banks platform from December 13-16, 1982. Real time monitoring and analysis

were successfully accomplished during the testing period.
recorded on magnetic tape to enable additional analysis.
tapes were recorded, ome of which was given to Aerospace.
additionally assessed onshore in greater detail relative to

validity for the Flexibility Monitoring concept.

All data were
Two identical
The data were

its quality and
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4.1 Garden Banks Structure

The Garden Banks platform shown in Figure 1.5 was an eight leg structure,
constructed as a single unit. The jacket section was 705 feet high whose
top extended 15 feet above Mean Gulf Level (MGL). The eight main legs of
the structure were 52-1/2 inches in diameter at the top, increasing to
53-1/2 inches at the mudline through which piles were driven deep into the
ocean floor. 'Eight guide sleeves, 78 inches in diameter were added to the
base of the jacket, four on each long side (face) of the structure to
accommodate eight additional piles. The upper deck supports extended the
jacket structure to the production deck which was 66 feet above MGL. It is
installed in the Gulf.of Mexico about 150 miles south of Cameron, Louisiana

in approximately 685 feet of water.

The field test evaluation was conducted during drilling operations with

relatively calm weather conditions.
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4.2 Instrumentation and Chutes

The instrumentation employed in the Flexibility Monitoring evaluation
included four portable chute packages and cabling, a data acquisition
station, resident triaxial accelerometer packages permanently attached to
corner legs Al (SE) and B4 (NW) at the 66 foot deck level (ali developed by
Chevron 0il Field Research Company) and real-time data monitoring and
analysis equipment. Dry instrumentation chutes were mounted on three corner
legs of the structure: Al at the southeast corner, A4 at the northeast and
B4 at the northwest. The chutes were positioned one foot off the leg
outboard of the structure and rigidly supported, typically at five foot
intervals. The chutes extended to below the top of the skirt piles at a
depth of 585 feet.

The portable chute packages each contained two Sundstrand Q-flex 1200
accelerometers, associated electronics, and two electrically actuated
mechanisms to position the paékage within the chute. The accelerometers
were oriented within the packages to compensate for chute batter (off
vertical) so that they sense in the x and y principal directions of the
platform. The packages were so designed that up to three units could be
placed at different levels within one chute with the electrical cable for a
lower unit passing through a conduit on each unit above. The units were
mechanically interconnected by a wire rope adjusted to the desired spacing.
The lowering wire rope was attached to the upper unit, ran through a pulley
mounted six to seven feet above the open end of the chute to a hand operated
supply winch. A footage counter was inserted between the pulley and winch
for measurement to position the package at the desired level. Two packages
were used in each of two diagonal opposite chutes (Al, B4) for the

Flexibility Monitoring evaluation.

The acquisition station, located on the 66-foot deck near the northwest
corner, contained three tape recorders. Output connectors were provided to
allow other equipment to be connected to the amplified signals. The

recorders were Geotech model 19429, 14 track on 1 inch tape, with FM record
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electronics. Only one set of reproduce electronics were supplied (1 track,
switchable) which limited playback operation. The recorders were operated
at a speed of 0.03 inches per second which effectively limited information

content to below 5 Hz.

Complementing the acquisition station hardware were an HP 7225 plotter and a
set of four-pole Butterworth low-pass filters supplied by Chevron at
Aerospace request. Aerospace supplied a dual-channel spectrum analyzer

(sD 375), analog summing unit, and an HP 85 microcomputer. The HP 7225
plotted the output of the speétrum analyzer. The set of low-pass filters
was employed to limit the information content of the signals at 2 Hz. The
spectrum analyzer generated freﬁuency response functions and the HP 85
retrieved and stored the results of these analyses on a magnetic tape

cartridge for post-test studies.

The acquisition station on the Garden Banks platform was a permanent
installation used to gather data on a daily basis. Therefore, no checkout
of the basic station was necessary. The equipment brought on board for the
Flexibility Monitoring evaluation did require special hookup to the basic

station hardware and subsequent checkout.
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4.3 ‘Calibration

The insttﬁment packages were calibrated statically at the Chevron 0il Field
Research Company prior to being transported to the Garden Banks platform.
They were checked for zero output and appropriate gains in the normal and

reverse positions.

Relative system dynamic calibrations were performed on the platfdrm by
positioning accelerometers so that they sensed identical motions in the
fundamental modes. Relative amplitude and phase were obtained by real-time
measurement of frequency response functions at the fundamental sway
frequencies. Because the accelerometers were oriented within the package to
compensate for leg batter, special wood stands, to hold the packages
individually in that orientation were employed. The deck accelerometers
were permanently affixed to a leg and the packages were placed in the

calibration stands on deck plating about one meter away.

The relative calibrations, using accelerometer 1 as a reference, were
conducted both prior to and after the series of tests. The precalibrations
were made between 5 and 10 p.m. on Tuesday, December 14 and the post
calibrations were made two days later between 5 and 10 p.m. on Thursday,
December 16. Table 4.1 contains the amplitude, phase, and coherence
results. Conditions existed on the platform that caused an atypical banging
impulse to be imparted to the structure periodically, resulting in momentary
overloading of the data channels. Drilling was not a fully continuous
operation. These two conditions are noted in Table 4.1. When no drilling
and/or banging were present, most accelerometers showed changes that are
smaller than the acceptable 1% change between pretest and post test
calibrations. There were two exceptions, those being deck accelerometer no.
5 and package accelerometer no. 2 (Table 4.1). It was believed that this
lack of repeatability was primarily the result of slight differences between
the vibration as sensed on the deck plate versus on the nearby leg--with
differences occurring sporadically. This was most noticeable when drilling,
especially with banging, was taking place. This would also explain why the

leg-mounted permanent accelerometers as a group did not fare well with

4=5
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respect to the deck-plate mounted accelerometer no. 1. The poor repetition
e#idenced by accelerometer 2 also fits this explanation: since
accelerometer 2 is located within the same package as the reference
accelerometer 1, its calibration had to be through an intermediary
accelerometer--and the intermediary used was the leg-mounted accelerometer 6

(i.e., calibration 2/1 was obtained from 2/6 times 6/1).



Table 4.1. Pre and Post Calibration Comparisons*

. - AMPLITUDE
ACCELEROMETER*¥ - PRE CAL posT caL(4) CHANGE
(relative to 1) (Dec 14, 5-11lpm) (Dec 16, 5-10pm) (%)
2 (C) 0.996,0.2°(1.000) 1.014,1.4°(0.996) + 1.8
3 (c) 0.992,-0.2°(0.998)  0.991,0.0°(0.999) - 0.1
E} Portable 4 (C) 0.997,0.2°(1.000) 1.00,-0.9°(1.000) + 0.3
“ Package 8 (B) 0.982,0.5°(0.968) 0.987,0.7°(1.000) + 0.5
Accelerometers 9 (B) 0.990,0.2°(0.990) - 0.998,0.9°(1.000) + 0.8
10 (B) 0.984,0.0°(0.949) 0.990,-0.5°(1.000) + 0.6
11 (B) 0.950,6.3°(0.986) 0.959,6.5°(1.000) + 0.9
Deck 5 (¢) 1.01,0.2°(1.000) 0.978,0.0%,(1.000) = 3.2
éﬁ Permanent 6 () 1.00,0.0°(1.000) 0.994,0.2°,(0.992) - 0.6
' Accelerometers 12 (B) 1.07,6.4°(0.983) 1.028,4.7°(0.994) - 3.9
13 (B) 1.04,-1.8°(0.971) 0.973,0.2°(0.995) - 6.4
-
i
- *Values are amplitude, phase (coherence)
Eﬁ **#7 and #14 do not contribute to this analysis (oriented vertically)
] (A) Drilling, no banging during all post calibrations
4

B
pr

(B) Drilling, with banging
(C) No drilling, no banging

r
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Because of the anomalies noted, it was evident that relative system
calibrations should not be performed when the data channels exhibit
electronic overload conditions. All sensors being calibrated should be

collocated on a primary structural member.

Gain adjustments were made in the analog sumﬁing unit, on the basis of the
pretest calibration, so that the net gain of all signal channels was
identical. Table 4.1 shows phase differences as high as 6.5° for
accelerometers 11 and 12, all the others do not exceed 1.8°. The
instrumentation used for the field test evaluation had no capability to
achieve phase compensation. It 1is believed necessary to achieve phase

compensation to realize the full potential accuracy of the method.
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4.4, Data Acquisition

Thé instrumentation positioning for Flexibility Monitoring of a bay involved
two packages at diagonally opposite corners at the upper level of the bay,

and two at the same corners at the lower level of the bay. The x and y
average shear deflections were formed in the analog summing unit, as were
the x and y average deck deflections. The ratios of bay shear to deck
acceleration were measured in real time using the two-channel analyzer,

first for the x direction and then for the y direction. The relation of the
below-deck average shear deflections to deck average deflections was
measured first to permit determination of the flexibility parameters in the
form of bay shear divided by below-deck shear. The real-time measurements
were restricted to the two fundamental sway directioms (at about 1/3 Hz) for
the first and second bay below the +12 foot level, and again for the two
lowest bays of the structure. In addition, average sway ‘motions at some.
intermediate levels were also measured. The FFT resolution was 0.025 Hz,

with a Hanning window and 30 overlapped (by 50%) averages, requiring 10-1/3
minutes of data. These FFT parameters were established during an evaluation
of several alternative bandwidths for the relative calibratioms. The

criterion was high coherence (> 0.99) using as wide a bandwidth as possible,

to permit data collection in a relatively short time.
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4.5 Findings

Real-time determinations of the bay sheérs relative to deck average
accelerations in the two fundamental lateral modes were made for bays 2, 7
and 8 (see Figure 1.5) in the end-on and broadside directions. The
approximate natural frequency of the end-on (x) mode was 0.40 Hz and for the
broadside (z) mode was 0.35 Hz, determined with 0.05 Hz resolution. Precise
measure of these frequencies 1is. not a requirement of Flexibility
Monitoring. The ratio of level 1 average to deck average acceleration was
also made to complete the information needed to determine the flexibility
parameters. It was decided in advance not to measure the deck to level 1
shear simultaneously with bay shear to avoid greatly complicating the
accelerometer installation requirements for Chevron. This two-step process
to measure flexibility parameters was expected to introduce some minor

degradation in accuracy.

As a check on the short-term repeataﬁility of the data, the level 1 aﬁd bay
7 measurements were repeated, including the repositioning of the packages.
The results appear in Table 4.2. The approximate time interval between
measurements for level 1 was 22 hours, and 13 hours for bay 7. As shown,
the greatest pércentage changes are 4.9 percent for level 1 and 3.4 percent

for bay 7 shear.

In addition to the above, levels 4, 5, 6 and bays 2, 8 were measured. All
available information was used to construct the partial lateral mode shapes
shown in Figure 4.1. Some judgment was required for the bay 2 and bay 7, 8
portions since insufficient information was available. Although not
required for Flexibility Monitoring, the shapes were interesting from the
standpoint of motion amplitudes as a function of depth. In particular, the
average amplitude at the top of the skirt piles (level 9) was only about &
percént of that of the deck. More to the point from the Flexibility
Monitoring standpoint was that the bay average shears for the lowest bays
were about 6 to 7 percent of the deck average amplitude. If 1 mg rms is
roughly the acceleration amplitude of the deck in a lateral mode under calm

4-10
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conditions, an array of four accelerometers must sense a net shear
acceleration of 60-70 ug rms. The fact that the repeated measurements on
bay 7 were different by no more than 3.4 percent under calm conditionms,
employing only 10-1/3 minutes of data (see Table 4.2) is testimony to the
high capability of the instrumentation and data acquisition and processing

systems.

The physical positioning of the instrument packages to obtain relative

~ calibrations was less ideal than the procedure employed on Cognac. It

proved that instrument packages being calibrated should be collocated on a
primary structural member and calibration should not be performed when the
data channels exhibit electronic overload conditions. Real time
determination of flexibility parameters was very satisfactory om the Garden
Banks platform, showing that quality data necessary to the technique can be

acquired under calm ambient conditions even during drilling operation.

4-11
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Table 4.2.

Comparison of Repeated Measurements
- Level 1X Level 1Z Bay 7X Bay 72
Dec 15, 3-4 PM 1.43% 1.44
i (0.996) (0.997)
Dec 15, 9-10 PM 0.117 0.171
(0.979) (0.992)
Dec 16, 10-11 AM 0.121 0.171
(0.992) (0.969)
(0.995) (0.996)
4 Difference 4.9 0.7 3.4 0

*Magnitude (coherence); magnitude is twice the level or bay shear average

divided by the deck average.

4-12
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" 5. MODELING AND MODAL SENSITIVITY ANALYSIS

5.1 Description of the Simplified Generic Platform Model

In previous studies (Ref. 7,8) the generic behavior of £fixed offshore
platforms has been utilized to describe the dynamic characteristics of such
structures and to gain perspectives on sensitivity to 1local structural
failures. The present investigation was aimed at extending the generic
shear beam model to include (1) out-of-plane coupling due to eccentric deck
mass and member failures, (2) effects of distributed jacket structural mass
and submerged member apparent fluid mass and (3) effects of foundation
flexibility. Sensitivity of the fundamental lateral and torsional modes to
member severance in the presence of the above effects was evaluated. The
purpose of this analytical investigation was to establish trends in behavior

rather than authentic simulations.

The present generic model configuration is schematically illustrated in
Figure 5.1. A displacement coordinate system referenced along the geometric
center of each level is noted in that figure. The configuration geometry
has the cross—sectional dimensions "a" and "b", taken as uniform over the
entire structural height. Individual bays, including the abovewater section
are all of height h. The deck is configured as a rigid platé of mass My,
which 1is uniformly distributed over the surface area. An eccentric
concentrated mass MO, located at coordinates ag, bo with respect to

the geometric center of the deck, was added to the distributed mass.

Consistent with observed behavior of detailed finite-element platform models
and supported by field data comparisons, the jacket structure was assumed to
deform as a shear beam. For simplicity a number of assumptions consistent
with such behavior were made: (1) main legs were axially rigid; (2)
horizontal braces were axially rigid; (3) 1lateral elastic structural
stiffness of all bays at and below the water line was completely due to
axial stiffness of the diagonal braces (i.e., bending stiffness of the main

legs was negligible in comparison); and (4) 1lateral elastic structural
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stiffness of the abovewater bay was due to bending stiffness of the main
legs. An additional simplifying assumption employed in simulation of
foundation flexibility was that the foundation level deformed as a rigid
plate. Thus, foundation stiffness was described in terms of uncoupled
stiffness coefficients associated with the six displacements, X15 Yy
295 exl, eyl, e
the vertical motions, ;s and rotational motioms, exi and eyi, of all

21° As a result of the jacket structure assumption,

levels above the foundation level were equal to the respective foundation

displacements z), exl, and @ The displacements required to

describe the independent motion onIany level above that of the foundation
were thus X5 Y5 and ezi. In the case of the five—bay configuration
illustrated in Figure 5.1, the number of the structural degrees of freedom
were therefore 6 for the foundation,.plus 6 levels at 3 degrees of freedom
each, totalling 24. 1In the case of a rigkid foundation there were a total of

18 dof.

The jacket structure mass and apparent fluid mass associated with submerged
structure were accounted for by concentrating them along the main legs.
Structural mass of the set of main legs was designated Ms for a length h
(equivalent to one bay). The structural mass, equally allocated to the
nodal degrees of freedom, acts in the three displacement directions, X
¥i» ezi' Moreover, due to the kinematic assumptions, moments of
inertia associated with structural mass of the distributed legs act in the
exi, eyi’ ezi degrees of freedom. Apparent fluid mass was estimated
based upon the cross-sectional dimensions of the individual legs. According
to inviscid potential fluid flow theory, the mass of fluid per unit length
surrounding a cylinder of outer radius Ro’ which moves with the cylinder
in a lateral direction is equal to the mass of fluid displaced by the
cylinder p, Ri » where p_ is the density of the fluid. This added
mass acts only perpendicular to the axis of the cylinder. 1In addition,
since the main legs are typically flooded, the mass of entrained fluid per

unit length, B, T Ri , acts laterally.
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The total apparent fluid mass, Mf for length h, is equally allocated to

the submerged fluid degrees of freedom and acts in the two lateral

displacement directions, Xi5 ¥y A net torsional moment of inertia also

acts in the 8, direction due to geometric positioning of the individual

legs.
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5.2 Representative Platform Configurations

Three generic configurations with contrasting levels of complexity were
chosen for damage sensitivity study. They consisted of a ‘4-leg, 4-bay
structure much like the one employed in Ref. 8, an 8-leg, 6-bay structure of
similar complexity to SP-62C studied in Ref. 7, and a 12-leg, ll-bay
structure with bay complexity resembling that of the lower sections of the
Shell Cognac platform (see Fig. 1.4). The jacket, deck and foundation

properties of each configuration are presented in Table 5.1.

Fundamental 1Ateral and torsional mode characteristics of the threé
representative configurations with all members intact are summarized in
Figure 5.2; the x-sway mode is illustrated for rigid and flexible foundation
conditions for each structure. Along with each 1illustration is the
fractional contribution of the deck to total modal kinetic energy and
fractional contribution of foundation potential energy to the total modal
potential energy. When pdmparing the configuration extremes (4-leg and
12-leg), clearly for the 4-leg configuration, jacket structural mass and
apparent fluid mass played a minor role in determination of modal
frequency. Moreover, the relatively uniform slope of submerged jacket modal
displacements for the 4-leg configuration indicated that the fundamental
lateral modes were governed by quasi-static behavior of the jacket. In

contrast, the 12-leg configuration behaved more like a shear beam with

~uniform mass and stiffness distribution as indicated by the relatively low

contribution of deck mass to modal kinetic energy and by the near

quarter-wave character of the lateral mode shape.
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Table 5.1 Generic Platform Configuration Data
GENERIC CLASSIFICATION
PARAMETER 4 LEGS [ 8 LEGS | | 12 LEGS
a (in) 672 2000 3600
b (in.) 672 1000 2400
h (in.) 420 §50 1200
8
< Ny 2 2 3
3 N, 2 4 4
= N 5 7 12
8
=
¥ a 0.05 [ | 05 [ 05
<
Ks (Ibfin.) 1.40 x 108 1.25 x 108 4.64 x 108
M (1b-sec? /in.) 172 1040 8000
My (Ib-sec? /in.) 200 2480 20000
Mg (Ib-sec?/in.) 550 7520 35000
| Mg tib-sec?/in) 50 3340 10000
§ a, (in.) 300 300 1000
by (in.) 0 0 0
2Xpofa 0.074 0.185 0.123
RIGID — — —
z zx i) 2.0 x 10;s 8.0 x mg 12 x w;
£ Kfv [ 20 x 106 8.0 x 107 12 x 107
5| " 4.0 x 10 12 x 10 24x10
3| Tt 45x 10" 3.0 x 1012 2.3 x 1013
w Kfay ’(in.-lb/rad) 45 x 1o 6.7 x 1012 4.0 x 1013
Ko, 45 x 10" 65 x 1012 32 x 1013
(Mp + Mg) 600 10860 45000
;‘<.« NM 860 7280 96000
&l (N1Mg 800 14380 220000
3| Mass RATIO* 0.520 0.595 0.299
Nh (ft) 175 379 1200

“(Mp + M)/ {173 [NM + (N-1) Mg + M + Mg}
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5.3 General Sensitivity to Member Severance

The three representative platform models were subjected to single ‘member
severances on various faces and bay 1levels to assess sensitivity of
fundamental lateral mode parameters. While it was established in Ref. 8
that the most sensifive indicators of member failure were flexibility
parameters, it is also of interest to note modal frequency sensitivity of
the sﬁbject structures. A summary of frequency shifts due to member
severance 1is presented in Table 5.2. The range of percentage £frequency
reduction due to member failure on a particular face indicates variation
with damaged bay level. 1In all cases it was found that the highest
frequency sensitivity occurred for damage in the lowest bay (i.e., closest
to foundation) with sensitivity monotonically decreasing with distance above
the foundation. This sensitivity characteristic arises as a result of the
contribution of jacket structural mass and épparent fluid mass; that is, the

highest fraction of system mass is affected by damage at the lowest bay
level. As noted in prior work (Ref. 7) the general trends indicated that
frequency sensitivity decreases with increasing bay configuration redundancy
and effective number of bays. The effective number of bays increases with
increasing foundation flexibility and above water bay flexibility. 1In all
cases considered, frequency sensitivity appeared to be a generally
unreliable indicator of structural failure, especially in view of the
potential for foundation and deck mass changes which produced greater

frequency changes than those associated with member severance.

The parameter which is most sensitive to member failures, namely, the bay
flexibility parameter has been discussed previously (Ref. 8). The bay
flexibility parameter, C, is defined as the ratio of relative average
lateral or torsional deflection across that bay to the corresponding lateral

or torsional deflection for the abovewater bay. Namely, for the x direction

' ‘ -x
c = i+l i (s)
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whefé the overbar denotes the average deflection. Typical flexibility
sensitivities for the three representative platforms are presented in Figure
5.3. It is noted, as in Ref. 8, that foundation rotational flexibility
produced an overall shift in flexibility parameters due to added rigid-~body
angular displacement. This effect was most pronounced in the 4-leg

platform, but became a negligible effect for the 12-leg platform.

Contributions of jacket and fluid mass led to a monitonically decreasing

value of the flexibility parameter with distance above the foundation,
esﬁecially pronounced for the 1l2-leg configuration. In all platform
configurations, the presence of member severance was indicated by an
inciease in the flexibility parameter of the affected bay in the direction
of action of the severed member. As noted in Ref. 8, the absolute increase
in the damaged bay flexibility parameter was relatively insensitive to
foundation flexibility. On the other hand, the fractional change in the
dam;éed bay flexibility parameter generally decreased with increasing
foupdation flexibility due to the increased nominal bay flexibility
pargﬁeter. This effect was most strong for the 4-leg configuration.

A complete list of flexibility paramete; sensitivities for all cases and

damage scenarios is presented in Appendix B.
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- 5.4 Perspective on Damage Sensitivity

The importance of field detection of any structural damage is directly
proportional to the degree of structural integrity degradation associated
with it. A relatively straightforward indicator of such degradation is the
non;dimensional damaged strength rating (DSR) adopted in Ref. 7 on the basis

of an original definition by P. Marshall (Ref. 9):

damage strength
DSR = intact strength (6)

As used here, this rating is based upon the greatest increase in diagonal
member loading resulting from a failure, considering counstant static lateral

shear force to act across the bay containing the failed member(s) and linear

elastic structural behavior:

Member Loading for Undamaged Structure
Member Loading for Damaged Structure . n

DSR =

In fough terms the damaged strength rating of a bay which has sustained
member failure(s) is estimated by the following logic. Given a bay which
carries a transmitted shear force F shared by N diagonals, the individual
member loads are proportional to F/N. If M members have failed, the
redistributed individual member loads are F/(N-M), neglecting non-uniform
disfribution of loading due to eccehtric positioning of the damage. Thus, a

first approximation of the damaged strength ratio is

F/N N-M

F/ (N-M) = N (8)

 DSR =

The more accurate measure of DSR is based upon linear static analysis of a
daméged bay, considering redistribution of member loads due to unsymmetric
damage (leading to coupled lateral and torsional shear deflection across the
bay). It is interesting that in a first-order sense, the net change in bay
flexibility, when described as a ratio of undamaged divided by damaged
fleiibility, is equal to the damaged strength rating. A bay flexibility
parameter, which is determined from a lateral mode, differs from the static

valde due to effects of jacket and fluid mass.
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A summary of platform sensitivities associated with the three generic con-
figurations and single member failure damage cases is presented in Table
5.3. For each damage case the number of load carrying members for the
intact structure (N) is given, along with the first-order approximation of
damaged strength rating and flexibility sensitivity given by (N-1)/N. Next,
damaged strength ratings (DSR) and flexibility parameters resulting from
static analysis of the affected bay are shown. Finally, flexibility para-
meters from dynamic analysis (i.e., from the lateral modes) are shown.

Included are flexibility parameter sensitivities CO/(C0 + Ac), the ratio

"of undamaged and damaged flexibility parameters, for the case of a static

force applied to the deck. The like sensitivity for the dynamic case
contains the dynamically determined’ flexibility parameter change ACD,
along with the static intact flexibility parameter Co. The dynamic values
of flexibility - parameter change, A CD, and flexibility parameter
sensitivity, CO/(CO+ ACD), are shox:m as a range since they vary with
bay level.  As 1is the case for frequency sensitivity and flexibility
parameters (Figure 5.3), the values of ACD and CO/(C0+ ACD)
decrease monotonically with bay distance from the foundation. Damaged
strength ratio (DSR) is plotted against flexibility sensitivity
CO/(C0 + ACD) in Figure 5.4 in which the static value and dynamic
range are shown. In addition, the first-order approximation yielding
equality of the two parameters is shown as a dotted line. Two tendencies
are seen from Figure 5.4:(1) dynamic flexibility parameter sensitivity
CO/(CO + ACD) is for the most part greater than the equivalent static
value (i.e., higher change in flexibility parameter from modal observation
than from static analysis), and (2) the damaged strength rating and static
flexibility parameter sensitivity are roughly equal, as given by a

first-order approximation.

Figure 5.5 displays the percentage increase in flexibility parameter (based
upon dynamic analysis) as a function of the damage strength rating.
Schematics of the failure cases are shown for easy reference. The form of
presentation is the most meaningful for assessing the needed accuracy of
detection relative to the significance of failure from the standpoint of

retained strength. The notation IR and 1F denotes case 1 rigid and flexible
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5.5 Damaged Face Identification

In the prior sections it was established for the three representative
structures, that the bay level and member orientation of structural damage
were identifiable on the basis of lateral flexibility change. Potential for
identification of the face in which damage has occurred is assessed
presently by noting the difference in flexibility readings at bay corners .
rather than the overall lateral flexibility parameter based upon average bay
deflections. Typical failure cases for each representative structure,
illustrated in Figure 5.6, indicated that localization of damage quadrant is
possible when the failed member was a major contributor to bay torsional

stiffness.
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e 6. RECOMMENDATION

-

E

¥

'F“ A repeat field test is recommended on the Gardenm Banks structure. Several

& worthwhile objectives are apparent:

L)

5? a. evaluation of refined calibration and equalization procedures for

g

- the accelerometers

gﬁ ,

- b. evaluation of measurement repeatability after more than a year of
elapsed time

o

Bed

b

: c. the opportunity to observe effects of a significantly different

g? deck loading and type of operation than for the original test

o which was carried out during drilling operations.

g?

o In addition, a mathematical modeling and evaluation effort om the Garden

Banks structure 1is recommended. Failure sensitivity studies wusing that

3
H

model could then be conducted: (1) to test the reasonableness of the
present generic model results and (2) to specifically examine the damage

detection capability of Flexibility Monitoring for this platform.

m
i;%

It is also recommended that field tests be structured to verify that jacket

failure can be identified in a field situation. Practical considerations
= suggest use of a platform undergoing repair or scrappage, or some platform
that is no longer serviceable and has been or can be designated as a test

platform. Hopefully, already developed instrumentation could be utilized on

53 a loan or rental basis from industry. Diver installation of the instrument
o

packages would be required since chutes would 1likely not be present.

Clearly a great deal of planning and industry cooperation would be essential

to the conduct of a meaningful test at reasonable cost.

r.
LS
o
[
ot

L |



e Due to the potential utility of instrument chutes (e.g., for oil company
:1 design evaluations, as well as possible application of Flexibility
& Monitoring), an effort evolved during the subject work to explore such

considerations. Technical 1liaison with industry was established via
E} individual representatives from Chevron, Exxon, Shell and Union 0il--all of

whom have installed and/or are in the process of installing chutes on
?? platforms for monitoring purposes. A key objective is to standardize the
. chute interior dimensions to help make commercial development of an
% instrument package economically feasible. It 1is recommended that. MMS
£l consider support of this work which could result in the development of a

guideline document for industry. The document would address the

-
i

requirements for Flexibility Monitoring, .as well as those for monitoring in

general. It is hoped that the design and installation of chutes for several

5? upcoming structures off the California coast, for which chutes have been
N sanctioned, will be favorably influenced by the interchanges and agreements
f@ that have and will take place in coordination with industry representatives.
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APPENDIX A
GENERIC OCS PLATFORM MATHEMATICAL MODEL
A
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Appendix A - Generic OCS Platform Mathematical Model

The generic platform model discussed in Section 5 and illustrated in Figure
5.1 consists of an assembly of three component types, namely, the deck,
structural bays and foundation. The deck i1s represented by a rigid
distributed mass, MD, and an eccentric concentrated mass, Mo. The
structural bays are modeled as shear beam cells which are axially rigid, and
mass distribution for the structural bays is lumped at the leg nodes. The
foundation is described as a 6-dof stiffness matrix referenced to the base
geometric center. Displacement variables for a platform with N bays,
including the above water bay connecting the jacket truss to deck, consist
of the shear displacements, X4y Yy ezi, for 1 = 1 to N + 1. In
addition, the base displacements Zys exl, eyl are included to
represent the motion in those directions for all bay levels due to the rigid

axial kinematic assumption. Definitions of the system parameters are given
in Table A.1l.

The assembled intact structure stiffness and mass matrices are presented in
Table A.2 and the damaged structure "delta” stiffness matrix is presented in
Table A.3. 1In the course of analysis of the chosen generic structures
several anomalies in the matrices were noted which do not affeect the
integrity of numerical results provided proper interpretations are made.
The anomalles are recomnciled by the }ollowing guidelines:

1 R o

(1) the base rotations exl and eyl are equal to the negative
values of the variables 9x1, eyl defined by the conventional
right-hand rule

(2) The index of a damaged member location follows the convention
illustrated in the figure below;

y Location 1
/

x Loc. x Loc.
x Location 477 3/ L L 2 /x Location 1

/y Location 2
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that is, the "x" index increases with decreasing value of the x
location coordinate as does the "y" index with decreasing value
of the y location coordinate.

The modal equations of motion are

-wp b o] + [(@- @] {ef = |o] (a.1)

where (AK) is null for the intact structure. The measurable flexibility

parameters in the two lateral directions and the torsional direction are
determined by calculating the appropriate bay difference displacements
(e.g., Xgl = Fpp Ypy — T eqp+1 - ©,)) 1in the fundamental
lateral and torsional modes. The flexibility parameters are normalized with

respect to the appropriate displacement difference for the above water bay.



Table A.l1 - Generic Platform Parameter Definitions.

|
b
3
Fod

GENERAL CONFIGURATION

- a,b = x,y dimensions of all bays and deck
EJ A h = height of each bay
[ N = total number of bays
DECK MASS

MD = uniformly distributed deck mass
M Mb = concentrated deck mass
b
e ao,bo = X,y location of concentrated deck mass
r .
ko : - 2 2
L IxxD MDa /1
g I = MDb2/12
3 P 2.2
- IzzD = Mb(a +7)/12
=~
i : .
- BAY STRUCTURAL STIFFNESS
m Ks = intact bay lateral stiffness
3

Ny = number of legs along the x length

number of legs along the y length

=
M
"

Aa = a/(Ny-l) = leg spacing along x length
EJ Ab = b/(Nx-l) = leg spacing along y length
= -2 - =
F 3y = -3+ (-1ha, § =1to N
b = -2t @M, 110N
gﬁ i 2 ? X
e ‘ '
P Yo K
KT = 2: bi T + 2: a, = = intact bay torsional stiffness
= - j N
i=1 x j=1 y

above water bay stiffness ratio with respect to truss jacket
bays (@ < 1)
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total fluid mass of all legs over the length h acting in the
x and y directions only

N

o

EE
N
x

[ N
et

"
(¥
[
[u

2| =
M.=

2| =
M=

]
Lo
i
it

NZLDZ
’-‘Q
L0, =

FOUNDATION STIFFNESSES

fo

Kfy

Kfz

Keo

K

K

X

£0
y

£0
z

1

effective moment of inertia of bay about GY

N .
M, J 2
T a; = effective torsional inertia
y j=1 J of leg structure
Me Yy 2
T aj = effective torsional inertia
y j=1 of bay fluid

1

effective moment of inertia of bay about Sx
1

uncoupled foundation stiffness coefficients
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DAMAGED BAY DELTA STIFFNESS

1

individual x member stiffness

o
L]

Ry/[(N-DN,]

w
"

Ks/[(Nx—l)Ny] individual y member stiffness

a = location of "y" member damage

1y
(&)
o

b = location of "x'" member damage

éj m = number of "x" damaged members
Lo m = number of '"y" damaged members
El ~

AKx = mxkx

b AK = mk
y y 3y
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Table A.2 - Intact Structure Stiffness and

r Mass Matrices
o .
g? The vector of displacements for a platform is written as follows:
[
. - — 1
~ {¢} = {z C) ] 1 X, y, B ' %, y, 6 b,
B 1oxg oy T Tz 0 T2 T2 Ty,
nsd
™ ceey Xy B Xy y 8 T
m n n z, ' +1 N+1 ZN +1
b

where T denotes the matrix transpose.

The diagonal elements of the system stiffness ﬁatrix K (see Equation A.1l)

for the undamaged structure are:

Kz z = Kfz

~ 11
o 2
K—e; 5 = Kfe + (N-1+a)h Ks
— X %X X
B '
Ll Kz 5 = Keg + (14on’K,

v, ¥ y
- 171
if Kk X = fo + Ks
: 171
| = K. +K
EE Y151 fy s
n Ke 8 = Rgg K
il 1% z

K = K = 2K 1=2,3,...N-1
~ sy
3 *1%1 V1Y
= = (R, 1 =0
m .
5 = ok i= N1
d S
;ﬂ‘\
: Ky = 2K, i=2,3,...N-1
- 2124
- = (oK, i=N
b :
B
= oK, i =N+

L

S |



r
[
o
The non-zero above~-diagonal elements of K (a symmetric matrix) are
Et %
kst
%5 v = —K§-~xl = hK,
| E’j *1 71
i K . = K = - K i=1,2,...N-1
i%i+1 Yi¥i+1
E = - oK i=N
=] s
3 Ky o = -K, i=1,2,...N-1
e g
= %1 %in1
m o= - G,KT i = N

The diagonal elements of the system mass matrix M (see Equation A.1) for the

undamaged structure are:

i =
% M MM
Yooy 11
- Mr = = I__ +b2M +NI
Fé 8 8 xxD o0 sx
e 1%
- 2
- My = Topta, My tNI
= 1
M - ¥ = 2 () i=1
E? Xixi yiyi 2 s f
'3 = Mé + Mf i=2,3,...8N~-1
(o _ 1
LT 2.9 Lew
1 -
e = My +M +3M i =N+
i
3 .
Me ez = 3 (Is+If) i=1
21 %4

= IS + If i=2,3,...N-1
m 1 .
g = I +5 1 i=N
| _ 2,.2 1 i = N+l
g-, = IZZD + (aj+b )My + 5 I
' A-8

vy
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The non-zero above-diagonal elements of M (a symmetric matrix) are

£

I

Lod

-bM
o

ZN+1

8

N+1

ZN+1

IN+1

(R oo I 9
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~
Table A.3 - Damaged Structure '"Delta" Stiffness Matrix
]
L]
- The diagonal elements of the '"delta" stiffness matrix, for a failure
e between level n and n+l, are:
, ‘
] 2
) y
X, X
171
L | 2
K—e- ry = h AKX
r 1
b
. \
K - = AKX
& *1%4
K = AR y i=n,ntl
- Y494 y
[
E} Ke 5 = bDAKx + aDAK.y
4 21 %4 )
g} where 3, and bD are the x and y distances, respectively, for the severed member.

Likewise, the non-zero above-diagonal elements of the symmetric "delta"

stiffness matrix are:

by K = =~ Ko = hAK
b ex yn ex yn+l y
1 1
e ks = - K5 = - hAR_
y; n v1 n+l
K‘e— ez = - KE- ez = - haDAKy
. %1 %n X1 %n+1
E3
B .
e, =% 6, = - hbpAR,
¥1 %a Y1 %nt1
- A-10
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TABULATION OF DYNAMIC FLEXIBILITY SENSITIVITIES
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APPENDIX C
PHASE I
EXTENDED ROUND ROBIN
SCALE MODEL TEST PROCEDURES
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TASK 1.

OBJECTIVE:

APPROACH:

Accelerometer Cross-Axis Behavior

Measure cross—-axis sensitivity of accelerometers and identify

axis of minimum sensitivity-for 8 accelerometers.

1. Establish that the shaker plus a mounting cube is free of
cross axis motion by comparing the sign of the outputs of

. .
Band B re A in the setup below:

t

CALIBRATION

:’\’__ amn SHAKER
[

) A & reference accelerometer
A ;“7[ (motion skew angle @ )

| B ~ sample accelerometer
(motion skew angle ¢ )

v
o
. '
B ; B ~ reversed position of B

Assuming motion in the plane of the page -

B/A = °|B/A| sin(@+8)
B'/A = |B/a| sin(é-6)
1£ 6=0, $#0 : B'/A = B/A
if 6#0, $=0: B'/A =~ B/A

2. Assuming that the setup is essentially free of cross axis motion
(i.e., 6 = 0), use it to measure the principal axis sensitivity,
as well as sensitiﬁity along at least 4 cross axes separated
by 45°, for 10<£<300 Hz. Plot results vs. frequency £, as
well as % sensitivity frs. angular position at one or more
frequencies. Mark accelerometer with dot for direction of
minimum cross sensitivity. (Reference: B & K descr'iption of

their method. Copy attached.)
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TASK 1.

NOTES:

Accelerometer Cross-Axis Behavior (Cont'd)

Send plots for first accelerometer tested to Aerospace for
review before proceeding with remaining accelerometers. If

particular accelerometers are relatively cross sensitive, they

may be excluded from use. The decision on the assignment of specific

accelerometers to the 8 positions A to H, as well as the orienta-

tion of their dots, will be based upon the results of this task.
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TASK 2.

OBJECTIVE:

APPROACH:

CONCERNS :

NOTES :

Accelerometer Relative Calibration

Measure amplitude and phase of accelerometers B-H, including

associated antialiasing filters and analyzer channmel, relative
to accelerometer A.

Establish a relative calibration setup, perhaps using the
calibration shaker, for 10<f €40 Hz for one or more accelerometers

in addition to A. Use a 1lg and 0.1g amplitude. Channel assign-
ments are:

Channel: 1 2 3 & 5 6
Accelerometers: A B C,G D,H E F

Use GenRad analysis syétem to obtain required frequency response
functions for a 0.08 Hz resolution and a Hann window. Plot results
to be read to within 1% on amplitude and coherence, and 2° on phase.

All hardware and settings must be identical to that used for plat-
form tests.

If relative calibrations show amplitude ratios of more than 5%

or erratic behavior, the cause will have to be identified and

corrected. The final relative calibration should ideally be
accomplished within a week of actual testing start. A preliminary
relative calibration on a few accelerometers should be done early
to assess quality of the processing.

Send plots of preliminary relative calibration results to Aerospace
for review. Amplitude and phase corrections, derived from this

task, will be input to the software program for derivation of flexi-
bility parameters.
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3

e TASK 3. Physical Setup of Baseline Model

™

B OBJECTIVE: Create a baseline setup that provides bottom flexibility and .

damping, and provides for the accelerometer ﬁositioning and

forcing shown in Figure 1. A capability should exist for easily-

=y
[y

increasing the bottom flexibility to simulate a foundation change

3

condition.

k
3
P8

R

APPROACH: Use rubber pad material or commercial rubber isolator devices to
float the four model leg bottoms to achieve a reduction in }
fundamental lateral and torsional frequencies of 10 to 15 percent
(and, hopefully, a fraction of critical damping of roughly 1 to 2
percent). Vértical flexibility should be within a factor of 2

of the lateral flexibility at each leg bottom. A possible pad

F o
%é design is shown in Figure 2.
P To simulate a foundation change, a design that roughly doubles the
;Q foundation‘flexibility should also be established. For example,
the pads in the design shown in Figure 2 could be converted to
rm ,
o double layer pads with a thin metal plate between them.
Pt
- Mounting blocks for the accelerometers should be installed at all
%g positions shown in Figure 1, with careful attention to alignment
relative to the global X, Y, Z axes. Misalignment should not

™ °
;; exceed 2°,

CONCERN: The use of rubber resilient deﬁices will introduce some degree of
o~ .
b nonlinear behavior. The degree of nonlinearity, in terms of shifts
-~ of natural frequency and changes in damping, will have to be identi-
g? B fied. It may be that such nonlinear behavior will be useful in
e that it will provide an opportunity to investigafe the consequent
e} influence on flexibility parameters. '
B
£
m

g |

b3
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TASK 3.

NOTES:

Physical Setup of Baseline Model (Cont'd)

After basic setup is created, obtain frequency responses of several
deck accelerations per unit force for several levels of forcing

to identify natural frequencies, damping, and their variation due
to nonlinearity. Use modal software to extract the fundamental
modal frequencies and dampings (don't need mode shapes). Supply
information to Aerospace in advance of test start for assessment

of setup suitability.

Affix label to each accelerometer to denote A to H designation and
positive direction of sensitivity. Afix label to each mounting
position on the model to denote the level - leg designation and the
positive glgﬁal direction. Each data run should be checked for

correspondence to the intended accelerometer configuration.
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TASK 4.

OBJECTIVE:

NEEDS:

Software

Prepare software to carry out all data acquisition and

processing required.

1. Acquire six channels of data and FFT from O to 40 Hz at

0.08 Hz resolution, using a Hann window and 50 averages
overlapped 50%.

2. For Runs 1 and 7 (see Run Schedule), compute APS of channels
1 and 6, and FRF & COH of channels 1-5 re channel 6. Store
and plot.

3. For Runs 2-6

a. Compute APS of ch. 1, and FRF & COH of ch. 2-6 re 1. Store
and Plot. Designate F(i) to be the FRF for ch. i.

b. For the frequency range (lines LY1-LY2, £ 64 in number)
to be established to include the Y first lateral, calculate
RS =»¢!2F(2)-1
where C!z is a calibration factor (complex) for the

accelerometer on ch. 2. Then calculate, plot and list the

following:
S, = @, F2)/RS i=1,4
S5 = 5,75,
S¢ = S,-5,
S; = 8575
38 = SS+SS
Sy4g = S; RS/RSD j=1,8

where RSD = RS-S5 from Run 2.

¢. For the frequency range (lines LT1-LT2, £ 64 in number)

to be established to include the first torsion, calculate

RT = azF(z) - 1.
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TASK 4. Software (Cont'd)

Then calculate, plot and list the following:

]

3

=

5
6
7
8

L B I <

§+8

% 542
T

T
T
T

v

~-T
-T
~T
+T

N

T.RT

(&

1

N O W

F(j+2) /RT j=1,4

/RTD j=1,8

where RTD = RT-T. from Run 2.

For Runs 8-12

a.

b.

‘c.

Compute APS of ch. 1, and FRF & COH of ch. 2-6 re 1.

Store and plot.

For the frequency range (lines LX1-LY2, € 64 in number)
to be established to include the X first lateral, perform

5

the same operations as in Section 3b except

RSD = RS~-S. from Run 8.

5

Same as Section 3c except

RTD = RT-T. from Run 8.

5
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r;—__—“‘ ‘ oscilloscope; true rms voltmeter;
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b by Aerospace.
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TASK 5.

OBJECTIVE:

APPROACH:

Model Changes

- Create selected changes to model and obtain flexibility parameters.

The following changes are required:

1.

Mass addition to deck - add about 25% of baseline deck mass
locally at periphery of deck.

Cut a diagonal member at mid level.

.Cut a horizorital member at mid level.

Increase foundation flexibility by about a factor of two.

Cc-10
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Figure C-1. Setup Schematic Flexibility Monitoring Tests
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FIGURE C-2.

‘ CALCULATION NO. REPORT NO. PAGE
@ AEROSPACE CORPORATION ! or 1
- PREPARED BY DATE APPROVED CHECKED
: S. RUBIN 23 MAR 81
"™ SAMPLE DESIGN — FLEXIBLE SUPPORT T RR MODEL

BARRY 30005 MOUNTING PAD (pp. G-31, 32 OF BULLETIN C5~178)

MODEL WEIGHT W =230 Ib

DESIRED NAT FREQ ON MOUNTINGS  fn ~ 60 Hz

LOAD=1.3 psi (SINGLE COMPRESSION PAD, p. G-32)
222.6 psi (DOUBLE ACTING PAD)

2801

PAD AREA/FOOT =
/ (2.6 psi) 4

= 22in2

PRELIMINARY DESIGN:

EXISTING FOOT 4 in. sq
TOP PLATE 9 in. sq, 4.5 in. sq HOLE

FOOT PLATE 7 in. sq
FLOOR PLATE

(LA e
H AL NS AN ST

SPACER, 10% PRESQUEEZE ON PADS

AVAILABLE PAD AREA = 72 — 4.52 = 29 jn.2

PAD AVAILABLE IN 24 in. sq SHEETS, WILL MAKE
12 PARTS: . ‘

8 —B8 NEEDED PER FOOT
- 3 SHEETS SUFFICIENT

DOUBLE FLEXIBILITY DESIGN:

REPLACE EACH PAD WITH TWO PADS SEPARATED BY 1/8 in.
THICK STEEL PLATE. ANOTHER 3 SHEETS REQUIRED

ALROSPACE FORM 21868 ALY 3.48

ENGINEERING ANALYSIS
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FIGURE C-3.

Transverse sensitivity

B&K measures the ornentation

If a batch of accelerometers is be-

been damaged, and the transverse

Type 4321
and percentage of transverse sensi- ing calibrated, this main axis meas- sensitivity may in this case have al- H'-—l:,“iq
tivity of each accelerometer manu- urement need be taken only on tered considerably. . T [ ™
factured by means of a special vi- one of them, since that determines ::'l [ 1
bration table which vibrates side- the acceleration amplitude. There The 30Hz transverse sensitivity i | ; = i :
ways at a3 fixed frequency of 30 Hz is normaily no requirement for us- calibration s valid over a large part =~ —_ EEE, |
and a fixed amplitude of ers 1o repeat this kind of measure- of the working frequency range of ® -
100ms—2 {about 6 mm peak-to- ment. since small changes in main- the accelerometer, but reliance C R
peak). The  accelerometer is axis sensitivity of an accelerometer should not be placed on it at fre- c
mounted with its main axis per-- wouid normally be accompanied by quencies within a decade of the —_—i i
pendicular to the direction of vibra- proportionate changes in maxi- mounied resonant frequency. The revidant = .
tion (i.e.. vertical). on a mounting mum transverse sensitivity. |f Calibration Chart for the Type ‘o-32uw-2a Ty e e
which enables it 10 be rotated there occurs a significant change 4321 Triaxial Accelerometer in- d AN ERNY T
about 1ts main axis, The output of in main-axis sensitivity, it is prob- cludes frecuency response curves ‘;QE%'?\Q, \\ o
the accelerometer is monitored, able that the accelerometer has for both main and transverse axes. rrk\ =
and the mounting rotated, until a e ENNNNEE
mimimum is found. This is marked §5 e P ——
on the base of the accelerometer ettt
by means of a red spot. The moun-
tng s then rotated 90° and the
output recorded. If necessary, the
accelerometer may also be
mounted with its main axis parafle 30 « Mounted
1o the vibration direction in order Ll Resonance
to measure the main axis .output 204 Frequency
under the same vibration condi- e Useful Frequency Range fo
tions. The maximum iransverse 10% limiv ~ 0.3 1,
sensitivity is then the ratio of the z 07
maximum output obtained on the 2
rotating mount to the output on , g 4 - - -
the fixed mount {expressed as a A Main Axis Sensitivity Transverse
percentage). 2 104 Resonance
i Frequency
- 204
- 304 Transverse Seritivity
-‘o T L T T
0,0001 0,001 0,01 0,3 1 10
F R Frequency 780534
The T S y of & ic_sccalerometer is y # smak pe ge of Mun Axis Sensitivity, except st the higher frequen-
cres, where the | Y s @ pesk ot & I of appr one-third of the mamn-axis mounted reso-
nant frequency. The T se S ity curve il s ideak: Iran. v, mert s hgm g Dy ihe Oifficulty of ensyr-
urely axial excietion. Pragricsl cyrvi L X ties.
Axis of
maximum

sensitivity

-

Acceierometer
.mounting
axis

S
~ - -
-~ - -
-~ -
S Axss of maximum
~ o Transverse
- sensitivity
< -
~ )
e
-
-
- Axis of minimum  ~ -
- - Transverse sensitivity ~o
.- lideally zero ~
- sensitivity at the ~

sstinestina tranuenscv )
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I.

II.

Offshore Platform Test Plan (COGNAC)

Component Test

~The data acquisition system (MODAL UNIT) shall be checked out for

operational capability prior to being transported to the offshore

platform.

The instrumentation packages (5) shall be subjected to lg calibration
procedures in all three axes in the laboratory of the Shell

Development Company.
System Test

Upon arrival at the COGNAC platform the data acquisition hardware
shall be interconnected as necessary and power shall be applied .
Cables from the MODAL unit to the instrumentation packages shall be
routed to the appropriate areas of the platform (Al, A4, Bl and B4
legs) and connected to the packages. The operation of the system
hardware shall be checked out and DC voltage step calibrations,
synchronous signal tests and instrumentation package and resident
accelerometer relative calibrations shall be monitored in real time

and recorded on tape.

Two biaxial accelerometers are permanently mounted at the +55 foot
deck on structure legs Al and B4. The four instrumentation packages
are deployed, one per instrumentation chute as follows:
Package 1 (Pl) at leg B4
Package 2 (P2) at leg Al
. Package 3 (P3) at leg A4
Package 4 (P4) at leg Bl



i |

T
bl

The first test, Bay #l, shall have packages 1 and 2 at the +12'boat
deck level and packages 3 and 4 at the =32 foot 1level. Each
succeeding test shall require the repositioning of two packages only,
i.e. for the Bay #2 test, packages 1 and 2 shall be moved to the -92
foot level etc. After the Bay #4 test, repeats of Bays #3, 2 and 1
may be conducted. Real time signal monitoring, data analysis and

tape recording will be employed for all platform tests.

At the conclusion of the platform tests a post test synchronous

signal calibration shall be recorded.

Sample data worksheets are included in this appendix.

D-3
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COGNAC
MODAL DATA SHEET PAGE__OF __
~ TEST No. DATE __ | [

4. DATA TAKING TAPE LABEL:
v YES NO
RESET OFFSET IN DIFF/BUFFER/RECEIVER [ ] [

COMMENT .

TAPE CALIBRATION — AT TIME _____ FOOTAGE ____

— VOLTS FROM __ FEET TO__FEET ON CHANNEL __
___ VOLTS FROM _ FEET TO___FEET ON CHANNEL

BEGIN DATA RECORD:  TAPE SPEED ___ ips
TIME ____ TAPE ____ FEET
DURING TEST:

~ END DATA RECORD:

TIME ___ TAPE ____ FEET
OTHER NOTES:
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PHASE III
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GARDEN BANKS TEST PLAN

(Including sample test data sheets)
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II.

Offshore Platform Test Plan (GARDEN BANKS)

Component Test

The data acquisition system and the instrumentation packages (4)
were recently exercised on the platform, therefore, no preliminary

checkout shall be necessary.
The supplementary instrumentation, (analog summing unit, FFT Signal
Analyzer, and the HP 85) were checked out at the Aerospace facility

prior to shipping to the offshore platform.

System Test

‘Upon arrival at the Garden Banks platform, the data acquisition

hardware shall be interconnmected as necessary and power shall be
applied. Cables from the data acquisition system shall be routed
to the appropriate areas of the platform (Al and B4 1legs) and
connected to the instrumentation packages. The operation of the
éystem shall be checked out prior to running absolute and relative
calibration tests which will be recorded on tape and monitored in

real time.

The resident triaxial accelerometers used for the field test are
mounted on legs Al and B4. Relative calibrations are accomplished
by placing the instrumentation packages on deck plating about one
meter away from the resident accelerometers which are affixed to
the legs. The four instrumentation packages are deployed, two per

instrumentation chute as follows:
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Package 1 at leg B4k(1ower)
Package 2 at leg B4 (upper)
Package 3 at leg Al (lower)
Package 4 at leg Al (upper)

The first test, Bay #1 shall have packages 2 and 4 at the +12 boat deck
level and packages 1 and 3 at the =37 foot 1level. Each succeeding test
requires the repositioning of all four packages to define each bay. Bays
1-8 shall be tested in succession withkpossible retests of selected béys as
the packages are brought up from the lowest levels. Real time signal
monitoring, data analyses and tape recording of the data will be employed

for all platform tests.

At the conclusion of the tests of all bays, post calibrations of all

pertinent instrumentation shall be accomplished and recorded on tape.

Sample data worksheets are included in this appendix.
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