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ABSTRACT

The Vibration Activity Monitor 1s a relatively sinm~
ple hardware and software system designed to provide
updated predictions of the fatigue-loading activity in
the jacket major-member welds of offshore oll plat-
forms, The vibration recorder, positioned on the plat-
form cellar deck, measures platform deck motion with
twe orthogonal accelerceaters, and these motlons are
processed in real-time to provide hourly records of the
direction and frequency of platform motlon. The con-
tinuously racorded data is combined with tranafer func-
tions from a finite element structural model, which may
be the platform design model or a refined version
thereof, in order to predict and rank the fatigue acti-
vity in the jeints. These pradictions are used: 1) to
verify and refine the platform design fatigue anaiysls;
2) to focus on areas where unanticipated fatigue activ-
fty has been cbserved; and 3) to help select the welds
for detaliled underwater Iinspection. The monitoring
system was tested for a 50-day period on a North Sea
platforn,

The monitoring syster could be =modified te also
record low frequency or statie platform deformations
due to ice, wind, and current loads. The modification
would necessitate the use of underwater straln gauge
SEensgors.

BACKGROUND

In the WNorth Sea, a great deal of effort Is
required to periodically inapect offahore platforms for
structural damage in order to minlalze the risks to
huzman 1life, the environment, and production, Most coa-
prehensive inspection programs Involve several levels
of platform underwater inapectlon. Sophisticated
equipaent Including, for exasple, remote-controlled
vehicles and ultrasonic scanners are becoming available
to reduce the time required for inspactions and te
improve the accuracy of the detailed Inapectlions. Even
with the advent of these tools, for the near future [t

will probably remain impractical and unnecessary to
conduct detalied inspections of a large fraction of the
joints on fixed platforma’' steel jackets, which have a
thousand or aore joints.

The goal of this project was to develep a monitor-
ing systea to provide an additional ratlonale for
selecting which joints should be included in the
detailed inspectlons and for generalizing the results
of the inapections that are conducted. Currently,
these joints are seiected on the basils of a number of
inputs, including: the joint fatigue analyais con-
ducted during platform design, static analysis te Ilden-
tify critical members, and past experiences with damage
or failure of joints. In the cgase of an. existing
platfora, these lnputa can be augmented considerably by
taking advantage of continuous records of the platform
response to the wave loads and also by utilizing a com-

‘puter model with structural parameters adjusted to

satch measured characteristics of the platfora,

We have developed and tested a technique that com-
bines continucusly recorded platform response data and
structural analysis using a refined computer model of
the platform to rank order the jacket joints according
to their calculated cycli¢c stress activity during the
monitoring period.

The technique could be extended to other types of
structures and other loading conditions if the appro-
priate design computer models were available and
response measuring gensors were installed on the plat-
fora.

TECHNICAL DESCRIPTION

The Vibration Activity Monltoring Systeam (VAMS)
involves three elements: 1} the deck vibration
recorder, 2) the structural medel, and 3) joint activ-
ity analysis. These three elements, the eguipment and
function of each, and the interrelation among the ele-
ments are shown in Figure 1.



Continuous recordings of platform deck amotion in
two orthogonal directions form the basis of the tech-
nigue. A flnlite element structural model, siamilar to
those used in platform design. ls used to calculate
transfer functions between the deck motion and the
stresses in jacket Jjolnts. These transfer functions
are combipned with the statistics of the deck motion to
calculate the cyelic stress activity In the jacket
joints for the {nterval over which the vibration data
were measurad,

one of the fundamental aspects of the VAMS tech-
nique is that measursments of the platfora deck motlon
jtself are used to characterize the sea state. A aore
clasajcal formulation of the platfora dynamics probleam
would Involve characterizing the excitation in terms of
the wave height and direction predictions or measure-
mants and then calculating the platfora response. Here,
we characterize the platfera motion by the deck
response states, bypassing the characterizatlon of the
gea state and calculation of the deck response. The
deck-sotion state is characterized in terms of the
amplitude and direction of the deck motion at the wave-
excitation frequency. The hourly records ara sorted
{nto four bins according te the direction of the deck
motion at the wave frequency. The records correspond-
ing to each directlon are then sorted i{nto ten differ-
ent bins according to the amplitude of the deck motion
at the wave frequency, Thus, the raw deck-vibration
data is sorted into 40 binas, each of which specifies &
different deck-vibration state. Each of theae deck-
vibration states corresponds approximately to a partic-
ular sea satate (waves of a certain helght coring from a
certain direction). since the platform is somewhat
gtiffer in the end-on directlon than the broadside
direction, the direction of platfora motion at the wave
frequency can be slightly different, on the order of
five degrees or ten degrees, froe the wave direction.

The calculation of the joint fatigue activity first
involves analyzing the deck vibration data to sort the
records into a number of deck-motion states determined
by deck motlon diraction and amplitude, Next, the dack
motion statlstica are combined with structural model
transfer functions to compute for each joint the aver-
age stress amplitudes and frequencies for each of the
deck-motion states. Pinally, for each of the jacket
joints considered, the Jjoint activity is computed by
adding together the contribution due to each of the
deck-motlon states. In the demonstration for Phillips
platform 2/4 Delta, 40 deck-motlon states were consid-
ered and 920 joints were analyzed.

The cyclic stress activity at the structural joints
is computed using two relationships commonly employed
in fatigue-type analysis, The first relation is the
AWS-X-modified S-N curve. The second relationship from
fatigue theory which is utilized is the Palasgren-Miner
Rule for variable amplitude loading. This rule states
that stresa cycles of different amplitudes act indepen-
dently. This means that the cumulative effect is sim-
ply the sum of the effects caused by cycles at each
stress amplitude without regard to the teaporal
sequence of the stress aeplitudes. The rule ls usually
stated in terms of a summation lnvolving ratics of the
actual number of cycles per amplitude to the nueber of

cycles to produce fracturg. In this analysis, the rule
i3 utillzed without introducing the nueber of cycles to

fracture by sussing terms invelving the actual number

of cycles at =ach stress amplitude times the stress
amplitude rajged to the power 4.38.

DEMONSTRATION TESTS

During a 50-day perlod, 15 September to 4
Novesber, the deck vibration recorder, shown in Figure
2a, was Installed on Phillips platfore 2/4 Deilta
(Figure 2b) in the Ekofisk fleld in the North Sea. The
data gathered during this perlod were analyzed, and the
weld joints of the platform were ranked according te
fatigue activity,

The deck vibratlon recorder was located inside the
gontro!l room on the cellar deck level of the platfors.
Twe accelerometers, one facing north and the other
east, were positiened near the recorder. Figure 3
shows a histogram of deck vibration plotted on a loga-
rithmic scale versus time for the demonstration perlod.
Bach 1line of data In the histogram represents the deck
dlsplacement, at the wave forcing frequency, averaged
over a 67-minute interval. The displacement pletted is
the vector sum of the north and east motions. The his-
togram clearly shows the pertods of high wave actlvity
which appear to have commenced on about 30 September.
The fatigue activities of 920 welded joints were calcu-
lated from the data recorded durlng the test period
using the aodel iliustrated in Figure 1. The system is
conflgured so that these calculationa can be imple-
mented with a desk-top computer by the fleld englneers
responsible for the platform inspection and maln-
tenance. The wave activity data and calculated joint
fatigue results for the test period appeared reasonable
on the basis of other available information.

MERITS AND LIMITATIONS

The primary merit of the technigue is that the best
avallable experimental and analytical technology Is
cogbined in an effective wmanner. The input to the
technique is actual data measured continuously on the
platform of interest. The use of actual platfora
motion data offers a considerable advantage over fati-
giue design analysea, which utilize statistical models
of sea state as the input. This approach also offers
distinct advantages over monitoring systems using wave
measurements as inputs. Platfors motion 1s smore con-
venlently measured than are wave characteristics, and
thls approach also circumvents the difqﬁcuit probler of
calculating pilatform response ¥o a given wave con-
figuratien.

A second merit of the technique is that a number of
design codes with varying degrees of sophistication are
currently avalilable for computing the stress transfer
functions required by this technique. in some cases,
the results of a platform design or reanalysis effort
can be used as baseline inputs for the technlgue. When
sore accuracy is required or a particular aspect of the
platfors response requires additional attention, a more
complex wave-loading or response calculation code may
be utilized to calculate the stress transfer functions.
In the present case, a Bayeslan parameter ldentifica-
tion technique was utllized to refine the model paraame-
ters using forced vibration teat data,

A third area of merit concerns the simplicity and

reliabllity of the system. The two primary cosponents
of the deck vibration recorder, the analyzer and ajcro-

controlier, are standard, proven equipment that



communicate through a standard IEEE bus. If either of
these umpits maifunction, it may be readily replaced or
repaired by factory-tralned representatives. .

The primary limitation eof the deck vibration
recording is that, currently, vibration at only one
position fs measured. Coatinuous measuresents at sev-
eral locations, particularly underwater at various lev-
els on the jacket, would incraase the accuracy. A
secondary limitation of the deck-vibration recorder is
that, currently, oniy the direction of wave motion
{e.g., north-south) and not the directlion of wave inci-
dence (e.g., north) can be determined.

Some limitations are assoclated with aimplifying
aspacts of the code and structural model used to calcu-
late the stress tranafer functions. The limitations of
the demonstration caiculation say be eliminated without
further developament by utilizing more coaplex codes and
input [nformation that are generally available. Por
exanple, the effect of the wave slamming excitation of
water line members can bs celculated by codes that were
not used in thls analysis. A second limitation of the
demonstration calculation is that only four different
wave-loading shapes were utilized; it is common to con-
sider eight or more wave directions and also different
wava heighta. Also {n the demonstration analysis, the
loads were calculated at only one wavecrest position
relative to the platform {(maximum overturning moment}.
A wmore coeprehansive calculation would involve stepplng
the wave through the platforam and calculating the maxi-
auB atress at each weld, this 1s gometimes done In
very detailed fatigue anelyses but it ls expensive. A
comprompise approach would ba to consider the wave posi-
tlon corresponding to naxlasum vertical force on the
platfore in addition to that for mraximum overturaning
moment or maximur base shear, As for the finite ele-
ment modal utilized, it could be further refined by
incorporating more elements of increased complexity and
by varying jolnt fixity.

It should also be noted that mesn stresses cauased
by welight, wind, and current are not included in the
fatigue analysls. Mean stresses are seldom taken into
account in fatlgue analyses because their effects are
very difficult to analyze and are usually insignifi-
cant.

Finally, the results are subject to the inherent
timitations of the fatigue analysis relationships util-
ized to calculate cyclic stress activity: the peak
count method, the complex streas histary rule, and the
stress exponent of the $-N curve.

CONCLUSIONS

A baseline Vibration Activity Monitoring system has
been developed and tested. This effort demonstrated,
tfor this particular case history, the viability of a
system that comblnes data from a relatively sisple
platfore response monitor with structural transfer
functions from a rather sophisticated platform design
wodel In order to estimate the platform fatigue
history. This concept could be extended to other
applications where the effects of low-frequency or sta-
tic loads, such as, wind, current, and ice lecading are
considered. The modifications to the system would pro-
bably include utilizing data from underwater atrain
gaugen mounted to the structure. The system could also
be modified for use on structures other than steel
Jacket platforms. The only requirement is the availa-
bility of a valid structural model that relates the
stpructural motion at the smonitoring positions to the
stresses or strains at the critical reglons of the
structure.
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