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Abstract

Due to arctic permafrost conditions, pipelines in Alaska's North
Slope oil fields are located on supports approximately 5 feet
above the hmdra, with spans ranging from 40 to 60 feet. Steady
arcticwinds blowing across the flat topography of the region often
induce vertical pipeline vibration. The vibration is the result of
cyclic lift forces associated with the vortex shedding phenomenon.
Although the amplitudes of vibration are tlpically quite small, the
accumulation of vibration cycles can induce fatigue damage,
especially in pipeline field welds.

A series of pipeline wind-induced oscillation studies undertaken
at the Kuparuk oil freld are sununarized in this paper. A general
discussion of the wind-induced pipeline vibration phenomenon
and observations from a field measurement Program are
presented. Thc results from full profile fatigue tests on gpical
pipeline freld welds are presented. A brief review of conventional
wind-induced vibration mitigation qrutems is included, followed by
a discussion of field experiments in which the performance of
promisrng mitigative systems was evaluated. The design of
pipelinc vibration dampers (PVD's) suitable for field-wide
application at Kuparuk is then summarized.

l. Introduction and ObJectlves

Due to arctic permafrost conditions, pipelines in Alaska's North
Slopc oil fields are located on supports approximately 5 feet
above thc tundrq with spans ranging from 40 to 60-feet. Steady
arctic winds (see the North Slope wind rosette in Figure 1)
blowing across the flat topography of tle region often induce
vertical pipeline vibration. These oscillations are vortex-induced
cross-flow (vertical) vibration caused by (horizontal) wind flow
across the pipelines. Although the amplitudes of vibration are
typically quite sma[ the accumulation of vibration cycles can
induce fatigue damage, especially in pipeline freld welds. Several
analytical and e.xperimcntal studies were undertaken to better
understand and control the pipeline vibration phenomenon.

The pipeline wind-indued vibration (IVIV) studies undertaken at

tf," {.ip*,i oif nefa are summarize<i in tt* papcr. In Section-2'

the reiults of a ficld mcasurement Program arc Presented'- ln

il.tiot ioUservations and implicatibmfrom tu-ll grgfiJe-fatigue
tests on nrpical pipeline field welds are Presented' A bner reuew

;i;;;;io;"t'wrv mitigation qntems is included in Section 4'

iJ1"*ia uy ii.ttons 5 an? 6 which discuss the development of

oromisinc ;itigativc systems. Section 7 presents freld exPeriments

in which- the-performance of these- mitigative systenc was

euaruatea. The design of a system of p_ipeline vibration dampen

i"it"Uf" ior freld-wide appfi&tion at lfuparuk is summarized in

S".ti"t S. Important i6nchsions and obsewations from thc

iiu!"*r iip"liie vibration studies are prescnted in Section 9'

2. Fleld lnvestlgatlon

The objective of the ficld investigatio.n yas to measure the

aiioU.Jrr"nt and stress responses of a pipclinc during WW' and

;;;il;ifudisplacemens and stresseJwith thosc prcdicted by

;"ili*t models.'This was accomplished by placing instruments

on siveral spans of prpeline and mcasuring thc rcsponse.durlng
wind-induceil vibration and during several controlled uDrauon

tests. Instruments were placed on a single pipeline. in thc

iirpu*f ,yrrcn Tbc pipeline-selected for instrumentation was

;'&ilh';; injectioh'(Gl) line yF.al 8'625'inch outside

ai"tr"t"i, "T.5 idh wall tiic(ness, a 3'inch layer of polyur:thg"

insulatiorl and a 0.0276-inch thick comrgated metal jacket' 'rnc

oioeline is supported on 55-foot spans and has a projected
'(aerodynamic)-diameter 

of. 14.625 inches'

Theinstrumentationconsistedofanarrayofsensorslocated
*ithin ot near three 56aight-run pipclinc spans, beginning aj 1
it uigfrt-*o anchor. Twe--lve accelCrometcn measured vertical

""."i"t"tio* of the prpeline. Three horizontally g$elte{
accelerometen at midsian locations mcasurcd thc "in-line"

uiur"tioo of the pipelinc. Five displacemcnt transducers

-ir"*ia,"rticat dfsiUccmcnts at various locations. Eight pairs

oiitt"i" g"ug"s (one at thc toP and one at the bottom ofthc pipc
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Narnow Bended" Unt-Modal Case @vent 010101_T2)
For this event the average wind specd resolved perpendiorlar to
the pipeline alignment (i.e., perpendicular wind speed) was 9.1
mph with a standard deviation of 0.9 mph. Plots of displacement
history and its Fourier Amplitude Spectrum (FAS) are shown in
Figure 2. It is clear from these plots that the displacement
respoilie is dominated by vibration at a frequency of.2.75 HZ
which corresponds to vibration mode 4 of the pipeline. All of the
displacement, acceleration and stress response signals were
obscrvcd to be near-harmonic wave forms at a frequency of.2.E
l{z.
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Figur 2 Nrror_Brndcd Unl.Modd Rcrpon*

Broed Bended, Multl-Modal Case (Event M2 T.7)
For this evenl the average perpendicular wind ilreed was 13.2
mph with a standard deviation of 1.3 mph. Plots of integrated
displaccment listory and its Fourier Amplitude Spectrum (ru.S;
arc shorn in Figure 3. Plots of displacement FAS indicate the
presgnce of simificant vibration at several separate frequencies
ranging from 2 to 3.5 Hz. The frequencies indicate that modes 4,
5,- ]_, 8 anf 9 !av9 an appreciable participation in the response,
while modc 6 is dominant at a frequenqr of.254 Hz. The plots
of portions of the displaccment histories reflect a rather
complicatcd wavc form resulting from vibration at several closely
spaed frequencies.

F..eeanct t4rl

Ft!!n 3 Brrd-Brndcd, Mnhl.Modrl Rcrporrc

23 Obscrvatlons

The data from the wind events characterize the plp€line vibration
under various conditions. The most important findings arc
summarized in this section:

(1) The pipeline vibration modes and frequencies that are
involved in WW arc bounded by the fundamental mode
vibration frequencies for a single span pipcline with pinned-
and fixed-end boundary conditions, respectively. These
modes are illustrated for a seven span q6tem in Figure 4.

(2) The largest measured displacements and stresses occtrr when
the pipeline is undergoing narrow-banded vibration events.
The displacements and stresses are notably smaller during
broad-banded vibration The maximum observed midspan
displacement was roughly 0.6 inches peak+o-pealq and the
maximum observed stress was roughly 1.8 ki peak+o-peak.

(3) The most severe WIV events resulted from winds with
normal wind speeds in the 9 to 14 mph range. The narrorv
banded evcnts were caused by winds with normal wind
speeds in the 9 to 10 mph range with relatively small
standard deviations, indicating a relativcly steady wind.
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e;eressed alternatively if all stres ranges are les than 6.8 l$i,
then the dcsiga life is infinite. This cxperimentally derived
endurance limit is reduced by the presenoe of code allowable root
defects. A fracture mechanics analpis was used to assess the
detrimcntal cffect of root defect size and shape. Figure 7 shows
the rcsults for two different shaped surface brealcing root defccts.
The resulB indicate that for a 0.2-inch dcep, l.Ginch long linear
defect (typical for lack of fusion defects) the nominal 6.8 ksi
endurance limit is reduced by 50Vo to 3.4 ki. This defect size
was sclectcd as a reasonablc worst case defect.

element modeling of the qntems and application of the SSD
aerodynarnic model to estimate the wind-induced stresses. Using
the fatigre criteria and the analytical results, the follorring
observations and conclusions were made:

(1) In turbulent wind conditions, the maximum stress ranges
during vibration are between 3.4 and 6.8 ki for the &inch
through lGinch gas pipelines. Thug if one of these systems
has a weld located near a location of maximum stress along
the pipeline, and if this weld contains a defect positioneil
near a point of maximum stress within the pipe cross-section,
then this weld may acrumulate fatigue damage during
vibration in turbulent wind conditions. This type of
vibration occtrs regularly for pipelines aligred perpendiorlar
to the prevailing wind directions (Figure 1).

@ In lamiqar wind conditions, the maximum stress ranges
during vibration exceed 6.8 lcsi for 6inch and 8-inch water
and oil pipelines, and for 6inch through lGinch gas
pipelines. Thus, if one of these qntems has a weld located
near a location of maximum stres along the pipeline, then
this weld may accumulate fatigue damage during vibration
in laminar wind conditions even if it has no defects. It is
uncertain how often this type of response occurs.

(3) ln laminar wind conditions, the maximum stress ranges for
the lGinch water and l2-inch gas lift pipelines are between
3.4 and 6.8 lci. Thug such a rystem may accumulate weld
fatipe damage during vibration in laminat wind conditions.

(4) Based on these obscrvations it was concluded that fatiguc
damage of welds in the Kuparuk pipeline E6tem apPear to
be occuning on a regular basis, especially in smaller
dianeter (6 and &inch) pipelines which contain defects.
Thus, WTV in the pipeline sJntem poses thc risk of fatigre
failure.

33 Field Wlde Suney

With the confirmation of fatigre risk to pipeline field welds, an
inspection of welds in high risk locations was undertaken at
Kupanrk. f,ll pipeline field welds which were located within three
feet of a supporq in systems with nominal dianeters of 12 inchcs
or less, and with alignments between N-S and NNW-SSE were
surveyed. Support locations were critical since they are high
stress lmations, tlre diameter criterion identifies pipelines with a
high potential to vibrate, and the alignment criterion identifres
s]rstems which are oriented perpendicular to the prevailing wind
direction$ shown in Figure 1.

3.4 Results of Fietd Wide Suntey

Using the criteria outlined above, 918 freld welds were inspccted
using an automatic ultrasonic shear wave technique. Since all of
the inspected welds were located at supports, only the top portion
of each weld (from the 10 to 2 o'clock position) was scanned. It
is this portion of the cross-section that has the maximum tensile
bending stress. This inspection identified six welds with strong
indications of planar discontinuity. These six welds were removed
from service and five of the six were examined in detail. Two
welds had a severe lack of penetration defect two welds had
fatigue cracks that initiated at the inner wall and extcnded
halfway through the pipe thickness, and one weld had excessive
porosity and slag. Based on the results of the field wide analpis'
itwas concluded that WTV causes fatigue damage in pipeline field
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32 Impllcatlons for Field Wide Anelyses

In order to assess the fatigue risk for s'6tems at lfuparuk, analpes
ofan inventory ofpipeline configurations was undertaken. The
evaluation, which foctsed on small diameter pipeline
configurations (s 12 inches) with various contents, involved finite
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coverage rangingfrom20Vo to 67Vo of the top portion of t}re stack
has been implemented (Wardlaw, 1979). Foihorizontal pipelines,
coierage shorld be provided in the middle portion of the span
where the vibration amplitude is the largest; as a minimum, 50Zo
of each span should be covcred.

52 Design for Field Evaluation

The rectangular cross section of a strake is controlled by the ratio
of the height of the strake ro the diameter of the cylinder (h/D
ratio), and the ratio of the height of the strake to the thickness of
the strake (h/t ratio). For an 8-inch nominal diameter pipeline
(insulated diameter D=14.625 inches), h/D ratios of tb,% and
l2%o are obtained for h=1..46 inches and h=1.i6 inches,
respectively. Based on these values, a strake height of h=1.5
inches was selected to provide h/D ratios of l0% for 8-inch
nominal diameter pipelines. In order to keep the strakes
relatively slender, the minimum h/t ratio of 5 is considered. The
maximum thickness of the strake was, therefore, selected to be
0.25 inches, corresponding to an h/t ratio of 6. The final aspect
of th€ helical strake design is the length of strake required foi the
pipelines in the Kuparuk sptem. For pipelines wiih a nominal
diameter of 8 inches, the minimum length of an individual strake
required to cover 50Vo ofthe span is 390 inches. The selection of
a strake material which can easily (and economically) be installed
on- pipelines in arctic oil fields, while remaining aeiodynamically
effective over long time periods is a difficult, uncertain problem.
For the field evaluation, a sheet metal strake sysiem was
constructed which met the geometric requirements specified
above. The sheet metal strakes are attached to the pipeline via
a system of metal bands.

6. Development of PVD's for Kuparuk Pipelines

The pipeline vibration damper (PVD) concept consists of one
damper in each span of the pipeline (see Figure 9) with each
damper tuned to one of three frequencies. The damper consists
of a weight (mass) and a damped spring. The requirements of the
PVD systems are:
(1) The s)rstem must mitigate vibration over a broad

temperature range and be durable under arctic conditions
for extended periods.

(2) The system need reduce only vertical pipeline vibrations
which dominate the response to vortex-shedding excitation.

(3) The system must provide sufficient damping in the frequency
range of 1.5 lIz to 6.0 Ha corresponding to vibration-
susceptible modes of pipelines in the Kuparuk oil field.

(4) The weight of damper must not excessively stress or deflect
the pipeline s)rstem.

(5) The individual dampers should be compact and should not
undergo excessive static deformations.

6.1 ElastomericSprings

Metal, plastic or elastomeric spring elements are often used to
isolate structures and equipment from vibration (Harris, 1988).
Elastomeric springs are widely used, because they can sustain
large deformations and return to their original state with virtually
no damage. For PVD systems, elastomeric springs are superior
to other types of springs because for a given amount of elasticity,
deflection capacity and energl dissipation they require less weight
and less space. Also, different elastomer compounds may be
molded into different configurations, generally at low cost.
Because of these favorable characteristics, elastomeric springs
were considered most appropriate for arctic PVD systems.

62 Cold Weather Properties of Elastomers

When exposed to low temperatures, elastomers become harder,
stiffer and less resilient. In arctic applications, the primary
concern is that the damper maintain effective dynamic tuning and
provide sufficient damping over the range of expected
temperatures. Special elastomeric compounding can provide
favorable dynamic properties over a broad temperature range, but
all compounds will exhibit undesirable stiffening trends at low
temperatures (Harris, 1988). Hence, low temperature testing of
the elastomeric springs is mandatory for the development of
arctic PVD's. The temperature dependent dynamic properties of
the elastomeric springs are used to evaluate the effectiveness of
the damper system over a range of temperatures.

63 Pmtotype Deslgn and Testing

Shear deformation is known to provide the maximum energ/
dissipation per unit volume of elastomeric material and excellent
resistance to creep (Harris, 1988). Thus the PVD is composed of
a mass suspended by elastomeric shear springs. The mass is
supported by a "ladder" suspension configuration of springs
arranged in series with each spring serving as a tier of the ladder
(see Figure 10). The arrangement of the springs and the mass
such that the line of action passes through the damper centerline
minimizes the bending stress in the elastomeric springs, enhancing
the damping and creep performance. The series arrangement
provides the flexibility needed to create a low frequency (1 to 10
Hz) damper using light-weight masses. The modular arrangement
ofsprings provides numerous device configurations including 1,2,
3, 4, 5, 6,7, or 8 tiers (see Figure 10). Combined with a mass
that weighs between 10 and 90 lbs, this arrangement allows the
damper to be tuned to a specific target vibration frequency. Each
spring is a small cylinder of elastomeric material bonded to metal
connectors which have protruding threaded studs. The PVD
illustrated in Figure 10 incorporates two different commercially
available "sandwich mounts", each made of a compound of natural
rubber and a low temperature man-made polymer. Metal plates
link the springs together and attach the springs to the suspended
mass and a pipe collar at midspan.
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7.1 Free-VibrationTesting

Free-vibration tests were conducted in the damped and
unmitigated sections. The test procedure was identical to that
used in the initial field investigation The data gathered during
the free-vibration test was processed to determine the vibration
frequencies of the rystem and to estimate the effec{ive damping
ratio based on tJre free-vibration decay. Samples of typical free-
vibration response of the undamped and damped sections are
illustrated in Figure 12. This figure clearly indicates the dramatic
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72 WIV Date

tlrg dqa acquisition system was programmed to record data after
i$tiation by either a displacement irigger or a wind trigger. A
displacement trigger-occurs when the root-mean-square lFtvtS; of
the integrated displace-ment of the pipeline at one'midsfan
accelerometer station falls within a specified range. A wind
trigger occurs when the average 

- 
wind speel, resolved

perpend-icular.to. the pipgUng alignment, at one meteorological
station falls within a specified range.

Nearly 1(X)0 events were recorded over several months.
Processing of the data was focused on a few events that
represented more extreme vibration conditions. Each event was
characierized based on wind properties and vibration in the
unmitigated, straked and 

- 
dimped pipeline sections.

Approximately 35Vo of. the data was previided and classified
using the following procedure:

(1) Obtain the average, standard deviation, and tlre minimum
and maximum values of the wind speed pemendicular to the
pipeline at meteorological stations for iheintire event and
determine a two minute segment of perpendicular wind
speed data that most nearly conesponaj to steady-wind
conditions.

(2) Filter and lntegate the acceleration data from midspan
stations to obtain displacement time histories for the,'steidy
wind" portion_ of the event. Compute the minimuni
maximum and standard deviation (RMS) of integrated
displacement histories.

(3) Develop RMS reduction measures with the following
procedure:

lYl_b*9=gax of[RMS(bare displacement histories)]
RMS_straked = max o_fl_BM-S(straked displacement trisifue91
RMS]damped = max ofiRMsidamped disl?i;;;ment historieiii

RMS reductions:
BAREoveTSTRAKED = RMS bare/RMS straked
BAREoveTDAMpED = RMS]bare/RMS]damped
STRAKEDoveTDAMpED = Rusjtrateii/RMS_damped

(4) Plol the perpendiorlar wind spced at thc meteorological
stations, the integrated displacement history, and-the
corresponding FAS from one bare span, one siraked span,
and one damped span.

73 Comparlson ol Systems

An assessment of the helical strake and p\1D systems, which
gullines _the costs, advantages, and disadvantagej is presented
below. It should be noted that, although the-field ivatuation
provided a side-by-side comparison of the-mitigated sections with
respect to an unmitigated section, it is a limited basis for
conclusions since the evaluation was conducted on a single
plp:E: system over a short duration with respect to the life of-an
oil field.

Helical Stnke Systeml

(1) the cost of construction and installation was approximately
500$ per span installed,

i  o . r
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Flgurt 12 Ftt Vlbr.tlon Response In plpcllnc vnth rnd tnthout pyD,s

increase in damping plovided by the dampers. For the undamped
section, damping ratios ranging from O.lVo to O.SVo of crirical
were obtained. These results are consistent with the results
obtained in the initial investigation where a damping ratio of
0.4Vo wu obtained. For the damped sectio& effeciivJ damping
ratios ranging from l.8Vo to 2.5Vi of critical were obtained.- Ai
shown in Figure 12, the pipeline free-vibration recorded in the
damped-pipeline spans decays quite rapidly, and hence provides
a relatively . poor definition of the vibration frequencies
particigating in the response. However, the vibration frequencies
range from approximately 1.5 to 4 Hz, which is consistent ivith the
predicted frequency range.
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spans ranging from 30 to 90-feet aligned perpendicular to the
prevailing wind direaions (see Figure 1). This classification
reprcsents over 14,0(X) spans.

&l Dcsign Methodologr

Dcdg! ObJecttves. Although the PVD system is effective at
rcducing vibration amplitudes, it cannot completely eliminate
vibration The field wide design effort had to consider a range of
vibration frequencies for each pipeline, and the broad
temperature range to which the systems are exposed. The
following design objectives were established, based on evaluations
of regional weather dat4 the results of earlier field evaluations,
and the weld test data:

(1) Damper placement and frequency tuning aimed at reducing
vibration in the mode shapes with corresponding frequencies
bounded by frequencies for a single span with pinned- and
fued-end boundary conditions. These vibration shapes are
illustrated in Figure 4. Higher frequency vibration shapes
were not considered.

(2) Use of dampers of three different frequencies (i.e., triple
tuning) on each pipeline slstem to strive for wind-induced
stress levels below a ceiling value of 3.4 Isi for all of the
modes in the specified frequency range.

(3) Performance of the damper at a full range of relevant
temperatures, especially in the low temperature regime
where the stiffness and damping ratio both increase
dramatically. The low temperatue stifftress increase can
limit the effectiveness of the damper due to loss of
frequency tuning, but this effecl may be compensated for by
the corresponding increase in damping. Analpis of wind
data associated with low temperatures over a 20 year period
indicates that the loss of damper effectiveness at -45o would
mean that the pipelines were threatened by WIV 0.9Vo of
the time. Based on this observatioq a low end design
temperature of -45o F was selected. The high end design
temperature was 5f F.

Design Procedure. Application of the dampers to a pipeline
system involves tuning the natural frequency of the damper to the
natural frequency of the pipeline system. There are two main
issues to be considered in applying the damper: (1) the stiffness
of the elastomeric springs depends on the ambient temperature,
the age of the elastomer, the magnitude of the strain induced by
movement of the mass, and the frequency of vibration; (2) the
pipeline s)6tem will typically have numerous natural vibration
frequencies and associated modes of vibration that need to be
controlled. These issues are addressed as follows:

A characteristic damper frequency is predicted based on the
average ambient temperature (about lf F), the average
elastomeric stiffness considering aging (stiffening) over the
damper service life, the maximum expected strain in the
elastomer, and the required damper frequency. The
characleristic damper frequency is tuned to the required
frequency by varying the number of elastomeric springs and
the weight of the suspended mass.

For typical above-ground pipelines, which exhibit bands of
closely-spaced natural frequencies and associated modes
(i.e., the band of modes with frequencies between the single
ryan pinned- and fixed-end modes) which require vibration
control, three dampers are employed. A low frequency or

L damper is tuned to lowest natural frequency in the band,
a high frequency or H damper is tuned to highest natural
frequency in the band, and a medium frequency or M
damper is tuned to a frequency approximately half way
between the lowest and highest frequencies in the band.

Design Evaluations The performance of each desigr was
evaluated with respect to the design objectives using the SSD
aerodynamic model. For a given pipeline system (defined by the
diameter, wall thickness, contents and span length) the procedure
was: (1) build a finite element model of the undamped multi-span
pipeline system; (2) estimate the uni-modal response of the
undamped system using lift coefficients corresponding to laminar
and turbulent wind conditions, considering ambient temperatures
of -45o F, +1f F, and +5f F to account for the effect of
temperature on Reynold's number and air density; (3) select a
system of high (H), medium (M), and low (L) frequency dampers
(defined by the number of tiers and suspended weight) based on
the frequencies obtained from the undamped model; (4) develop
three additional finite element models to represent the pipeline
including the added dampers using the damper stiffness values at
-45o F, + 1f F, and +5f F; (5) use a specially developed multi'
degree-of-freedom procedure to compute the effective modal
damping ratios of the multi-span pipeline system with dampers
attached at midspan locations at temperatures of -45o F, + le 4
and +5f ; and (6) estimate the uni-modal (stress) response of
the damped pipeline system using lift coeffrcients corresponding
to laminar and turbulent wind conditions, and considering
temperaturesof -45oR +lf F,and +5f Ftoaccountforthe
effect of air temperature on the Reynold's number, air density,
and damper properties. Wind-induced stress spectra were then
compared with the ceiling value of 3.4 ki.

The results from these evaluations indicate that, under turbulent
wind conditions all of the designs satisfied the stress ceiling value
of 3.4 l<si. However, under laldnal wind conditions many of the
designs exceed the stress ceiling value of 3.4 ki; although the
criteria is usually exceeded for only one or two modes of vibration
at the bounding temperatures (i.e., at -45o F or +5f F rather
than at + 1tr F). A few of the designs are highly stressed at high
modal frequencies, but these results are at frequencies well above
the frequencies corresponding to the random shedding threshold
and thus can be discounted.

Because the stresses under laminar wind conditions exceed the 3.4
ksi stress ceiling for certain designs, there was a need to further
document the effectiveness of the damper system. For several
designs, spectra of the RMS stress response of the damped and
undamped pipelines were compared. The reduction in WIV stress
levels demonstrated the effectiveness of the PVD system designs.

EA Assessment ol Field lVide Design

There were many difficulties involved in the development of a set
of PVD systems that would protect the extensive inventory of 6 to
l2-inch nominal diameter pipelines. The difficulties arose
because the pipeline inventories include a large variety ofpipeline
diameters, wall thicknesses, span lengths, and contents as well as
variations in the number of spans within straight line runs.
Several simplifications were made in evaluating the damper
systems. Many of these simplifications were investigated by
sensitivity studies, others were not because of time limitations.

Based on these considerations and on the design evaluation and
sensitivity studies, the following performance can be expected
from pipeline systems included in the field wide design:

(1)

(2)
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(1)

(2)

Stresses due to WW under turbulent wind conditions should
remain below the ceiling of 3.4 l$i. Since 3.4 lsi is the
infinite fatigue life stress range for welds containing critically
positioned tpical weld defects, the damper systeni should
provide pipliines (with or without typical weld defects)
iaequatc protection from fatigue damage during vibration
under turbulent wind conditions.

Under laminar wind conditions, stresses due to pipeline
vibration will exceed the 3.4 ksi ceiling in certain modes of
vibration However, thesc stresses should remain below 6.8
ki. Since 6.8 ki is the infinite fatigue life stres range for
welds without defects, such welds should be adequately
protecled bv the damper system from fatigue damage during
i'ibration under laminar wind conditions. Vibration under
laminar wind conditions may cause fatigue damage and
failure in welds with critically positioned defects.
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In order for a pipeline with a PVD sJ6tem to accumulate tqltryg
damage in a weld with defects.during vibration in laminar WW,
tlc witO must be near a location of maximum stres along the

oipclinc. The location of maximum stres along the pipeline
iipends on tle mode of vibratioq and the stres exceeds the 3.4
ksf ceiling for a few modes, only. Vibration under laminar wind
conditiori does not apPear to be common in the Kupanrk oil
field. Vibration undli taminar conditions was not observed
durinc data collection in the freld, horvever qualitative
obseriations suggcst that these vibration events may occur. Thus
the potentid foifatigre damage cannot be discounted.

In conclusion it should be noted that the damper systems will
siqnifrcantly reduce pipeline vibrations stress in both turbulent and
60inar wiid condiii6ns. Thc objectivc of reducing the stress to
a level below the 3.4 ki cciling was not achieved under all
em'ironmental conditions for all pipelines included in the field'
widc design. Thus a conclusive asiesment of the possibility of
futurc fatigrre damage and fatiguc f"i!yt:, cannot be made
without fuiher study. However, the PVD is clearly effective in
reducing WW amplitudes and the associated fatigue threat.

9. Concluslons

The pipeline wind-induced oscillation studies undertaken at the
Kupinik oil field are sununarized in this paper. The paper has
oreicnted the dynamic properties of above ground pipelines and
iharactcristics cilwind iriauied pipeline vibration determined from
freld data, the results from analytical models and correlation with
field datq and the results of ihe pipeline testing and the freld
weld survey. This information outlines the nature of the wind-
induccd piieline vibration problem and the threat it poses.- The
paper reviewed WTV mitigation systems, and presented the desigrt
ind results from field evaluation of two gntems.

It was concluded that the helicd strakc system was not suitable
for freld-wide application The PVD qntem u'as found to be
suitable for field-wide application. The field-wide design proved
to be challenging because large variations in numcrous design
Daranete$ niA to Ue considerCd. Evaluation of the PVD s'6tem
designs indicated that the dampen will sigtificantly reduce
pipeline vibration stress. The objective of reducing the stress to
i ievel below the 3.4 ksi ceiling was not achieved under all
environmental conditions for dl pipclines include in the field-wide
design. Hou,ever, the PVD qnt-m is remarkably effective in
redu-cing WW amplitudes and the associated fatigue tlreat.
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