A Review on Vibration of Marine Platform Risers
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Abstract

The riser is one of the key equipment in a floating
drilling platform, but also one of the weakest
components of vulnerability. With the developmefit o
the marine oil and gas drilling in the deep watbe

increases, a series of new problems about the igser
appeared.The marine platform riser system is the
emphasis and difficulty problem in the design oé th
marine oil equipments, due to the variety of loattis,
complexity of the drilling process, the large namehr
deformation of the riser structure and the uncetyai

forces on the platform riser has become complicatedanalysis methods, as well as the abstract of theakc

increasingly. With the increase of water depth, riker

dynamics is becoming more and more important. In

dynamic responses and so on.
The mechanical analysis of the marine platformrrise

order to determine accurately the strength, dynamicis an important subject in the marine engineeringlla

stability and fatigue life of risers, It is only wao
analyze exhaustively the vibration characteristicg the

times. With the water depth increases, the effédhe
dynamic factors on the riser is more and more faanit,

dynamic responses of the riser in the deep water.so as the principles and methods of dynamics aisalys
Through the analysis and discussion on presenthave been put forward. For the vibration problerhs o

literatures, the research results of the platfoiserr
vibration in the domestic and international are
summarized, which focus on mainly the two aspeéts o
vibration characteristics and dynamic responses Th
suggestions for the future study are made in tlie #re
following questions should be paid more attention.
(1) The roles of the various load factors on tlserimust

marine platform risers, a lot of achievement hasnbe
made by a number of domestic and foreign experds an
scholars. In this paper, these literatures are sanmed,
analyzed and discussed, which focus on mainly e t
aspects of vibration characteristics and dynamic
responses.

be taken into account integrated and systematically 1 ....Vibration characteristics

(2) The boundary conditions of the marine platfaiser
must be handled correctly. (3) The dynamic inflleen€
the marine seismic vibrations on the platform riseist
be considered. (4) The contact interaction betwtben
drill string and drilling riser must be investigdte
(5) The real-time monitoring on-site for dynamic
response of marine platform riser must be carrigtdas
soon as possible.
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Introduction

The riser is one of the key equipment in a floating
drilling platform, but also one of the weakest
components of vulnerability. Because there is high
pressure moving liquid in its internal, there ie tirift of
the floating body and there are sea wind, waveyebs
as ocean current on its externtde riser is in a very

The dynamic responses of the different structuee ar
different under the same dynamic loads, and the
responses are directly related with the natural
frequencies of the structure. The natural frequenaind
mode shapes must be calculated in order to fordleast
dynamic properties of the structure. Therefore, the
analysis of the natural frequencies and mode shapees
major content of the dynamic analysis of the mariser.
Serious side wear of the riser may be caused by the
resonance of drill string, when the lateral vilwati
natural frequency of the riser closes to the rotpged
of the drill string in the process of marine dritii When
the lateral natural frequency of the riser closeghe
release frequency of turbulence induced by theeatirr
the vortex vibration will occur, that is to saygethser is
a "lock", in which the fatigue life of the mariniser is
reduced significantly. Therefore, the accurateudaton
of the riser lateral vibration natural frequencissof
great significance for selecting drilling paramster

complex marine environment. Due to a riser system reasonably, avoiding no normally damaged, forengsti

damaged under the enormous complex external foaces,
lot of marine drilling operations are interruptedt even
to recover to drilling; causing the failure of drig

vortex-induced response and fatigue life.
In the literature [1], the mathematical basis and
numerical data for determining natural frequences

engineering and a great loss. With the water depthgiven for marine drilling risers operating in watkpths
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up to 600 ft. An approximate mathematical solutisn  operating. The natural frequencies of the riser ban
also given and. is compared with the exact mathiealat changed in a certain range by adjusting the togiaerof
solution based on this analysis. The approximate the riser to prevent the resonance between the ais®
formulation gives good engineering results and is sea waves.

somewhat easier to use. Riser frequencies are edfect In the literature [5], assuming the riser is a $mal
by several parametersiowever, not all are easily varied deformation beam subjected on uniform top tensioe,

on location. Tensioning and drilling-mud density dze simplified formula for calculating the natural freencies
varied on location, and both significantly affecitural ~ of the riser is derived on basis of the energy eoration
frequency. Riser tensioning increases natural fregpe  principle. By analyzing an example, it is shown ttet
and is analogous to the tuning of stringed musical results calculated with the simplified formula pospd
instruments. Like the windings on bass-fiddle gsin  in this paper are agreement with those in relevant
drilling mud adds mass but not stiffness and, thus, literatures; the simplified formula can meet theds of
reduces natural frequency. Mode shapes areactual engineering. So, the simplified formula cbbk
non-trigonometric. As a result, bending is greatestrer recommended as the formula calculating the natural
the lower end, where tension is the smallest. Baifit ~ frequency of the marine riser. The simplified fotenu
inflection are possible near the top where theitens ~ can not be used in deep water, because the ris@ges
greatest. These points are dynamically equivateiiatl ~ deformation caused by the loads of the marine
joints. environment and the initial offset of the drillirghip.

In the literature [2], the vibration analysis of nna Since the simplified formula is based on the idesli
risers is investigated by combining the dynamitfretss model of riser and elastic strain theory that is $imall
method with the WKB theory, which assumes that the deformation of the riser is assumed and the teniion
coefficients in the differential equation of motiame  uniform, the simplified formula presented in thaper is
slowly varying. The WKB-based dynamic stiffness only fit for a certain range water depth. It isified that
matrix is first derived and the frequency-dependent the simplified formula is of high precision undéret
shape function is expressed implicitly. Next theural ~ conditions of the water depth less than 600 m. In
frequencies are found by equating to zero the addition, this article also discussed the effecthobttle
determinant of the global dynamic stiffness matrix, and well killing pipelines outside the riser on thetural
which is obtained by following the procedure of the frequency of the riser, which can't be ignored eotfise,
conventional finite element method. Finally, two the values calculated of the natural frequencylanger.
examples of non-uniform risers are analyzed, amd th The top tension is the most sensitive and most itapo
results are compared to show the efficiency of this parameters among the parameters influencing thealat
method. frequency of the riser. Therefore, the natural destcy

In the literature [3], an investigation emphasizimg ~ of riser can easily changed by regulating the riser
nonlinear free vibrations of marine risers/pipes to tension which is one of the effective measuresrévgnt
determine the nonlinear natural frequencies andr the and suppress riser vortex vibration in practice.
corresponding mode shapes is presented in thisrpape In the literature [6], the software Shear 7 is dddpo
Based on the virtual work-energy functional of marin analyze the vortex induced vibration (VIV)
risers/pipes, the structural model developed ctmsis ~ performances of the risers with no buoyancy module,
the strain energy due to axial deformation, stemiergy ~ Staggered buoyancy modules and fully arranged nesdul
due to bending, virtual works due to effective tens  respectively, and also the natural frequency odrris
and external forces, and also the kinetic energy wu ~ analyzed quantitatively. It is shown that the naitur
both the riser and the internal fluid motions. Noehr ~ frequency decreases with the increase of the bugyan
equations of motion coupled in axial and transverse modules, the natural frequency of the riser withyfu
displacements are derived through the Hamilton's arranged modules can be reduced to 45 percent
principle. To analyze the nonlinear free vibration compared with that without buoyancy module.
behaviors, the system formulation has been refortned  In the literature [7], the bending deformation etipra
the eigenvalue problem. The nonlinear fundamental of the riser expressed by triangular series equaiso
frequencies and the corresponding numerically exactestablished based on energy method. The natural
mode shapes are determined by the modified directfrequency of the riser system is calculated by Rahle
iteration technique incorporating with the inverse method. The self-vibration performance and characte
iteration. The significant influences of the mariigers ~ are analyzed for risers with different size andifferent
parameters studied on its nonlinear phenomenzhare t water depth through engineering cases. The lateral
illustrated here first. Those parameters demorestifse  Vibration frequency of the rise coincides with tio¢ary
nonlinear effects due to the flexural rigidity, tgmsions, ~ speed of drill string in a large frequency range tfee
internal flow velocities, and static offsets. offshore exploration at present; thus, the resomanay

In the literature [4], considering the 3D loadse th be caused in the drilling process, which will letad
dynamics characteristics of the drilling riser ieep  excessive wear for risers. Therefore, more attantmo
water are calculated with the 3D dynamics model and choose the reasonable rotary speed of drill stringt be
using finite element method. It is shown that the paid so as to avoid resonance zone.
influence of the top tension on the natural freaqyeof In the literature [8], considering the internalviing
the riser is obvious, the natural frequencies ef tiser fluid and the external environmental loads, therkit
increases as the top tension increases, the hayder vibration differential equation of a marine rises i
frequency of the riser in conventional working civiot derived. Discretization is made with Hermite
is close to the common frequency of sea waves, forinterpolation function and the program of computihg
which more attention should be paid while desiging ~ dynamics properties of a marine riser has beertenrit



The effects of internal flow velocity arttie top tension (5) The length of the riser: The length of the rise
of the riser ordynamics characteristics are discussed. It imposes great impact on the natural frequency ef th
is indicated that the natural frequency of the rrise riser. The natural frequency drastically reducemngl

decreased with the increase of the internal floleaity, with the increase of the length of the riser.
while the increase of the top tension can countdhas (6) The buoyancy modules: the natural frequency
effect. decreases with the increase of the buoyancy madules

In the literature [9], the effect of the dampingnteis the natural frequency of the riser with fully angad
taken into account in the analysis of dynamic modules can be reduced to 45 percent compared with
characteristics in this paper. The differential aépn for that without buoyancy module.
the response of the vortex induced vibration (Vdé¥}he (7) Throttle and well killing pipelines outside thiger:
riser considering the effect of the internal flogifiuid the effect of throttle and well killing pipelineautside
and the external marine environmental condition is the riser on the natural frequency of riser caré b
derived. Then the dynamic equation is solved by theignored. Otherwise, the values calculated of thieirah
complex mode method to obtain the natural frequenci frequency are larger.
of the risers with damping, and the MATLAB
calculating program is written. It is given by thesults i
that: (1) The natural frequencies of the riser wtitle 2 Dynamlc responses
damping are slightly smaller than those withoutTie Earlier scholars put forward the dynamic models in
effect of damping on the dynamic characteristics is analytical solution to study the force and strengftthe
relatively small compared with the length of theeri  marine riser, assuming that the speed of the water
and the internal flow velocity. (2) With the incesaof particles is the steady-state sine wave. Lateral
the internal flow velocity, the first order natural displacement of the same cycle was obtained using
frequency of the riser gradually decreases, when itsteady-state solution and the dynamics responsesimod
decrease and close to the vortex shedding frequéimey  was gained through the change of the Harmonic
"lock" phenomenon is prone to cause, which wildi¢a Functions. However, this method is impractical doe
the fatigue damage. Fortunately, the internal flow the simplifying the model and the complexity of\god
velocity is small (Vc<10m/5) in general marine the equations. At present, the numerical solutien i
engineering, thus, the effect of the internal flestocity mostly adopted for dynamics analysis of the riszme
on the natural frequencies of riser is small. (JeT Way is to establish the fourth-order non-lineartiphr

length of the riser imposes great impact on themnaht differential equations of the riser, and then ttvadhe
frequency of the riser; the natural frequency drally dynamics equations using the method of the nunierica

reduces along with the increase of the length efiger. integration or numerical difference. Another waytds
Based on the above analysis, the main factorsYSe the finite element method. The methods of riser

affecting the lateral vibration natural frequendytoe ~ dynamic response analysis include three typesrufee

rise are listed as following: wave analysis in time-domain (certainty analysis in

(1) The top of tension of the riser: The top tensio tme-domain), the irregular wave analysis in
affects significantly the natural frequency of triger. time-domain (random vibration analysis in time-dama
The natural frequency of the riser increases wite t @nd frequency domain analysis. Now, the time-domain
increase of the top of tension. The natural freqyenf analysis is mostly adopted for the riser vibration

the marine riser system can be changed in a cesage ~ "€SPonse analysis. , ] ,

by adjusting the top tension, so as to prevent the The analysis model described in the Iltgrature [10]
resonance between the marine riser and sea wavies. | Was formulated to analyze, both statically and
worth noting that the high-frequency of the conieml dynamically, the types of marine risers presensigclin

riser is close to the common frequency of wave. floating drilling operations. This model describkdre
(2) Drilling mud density: with the increase of the prowdesapractlca! means of eyaluat_lng riseredéifhins
drilling mud density, the quality of the riser syst will and stresses resulting from static horizontal tsfeé the
increase. and the stiffness is same. so that thaaha  drilling vessel, current forces, dynamic vessel ions,
frequency of the riser systems will decrease. and wave forces. The hydrodynamic damping in the
(3) The internal flow velocity of the riser: Wittne analysis model is a critical factor in limiting thiser

increase of the internal flow velocity, the firstder ~ dynamic deflections and stresses. The analysis adeth

natural frequency of riser gradually decreases. Mthe employs a numerical integration scheme that differs
natural frequency decrease and close to the vortexirom the series solution method and the finiteedéhce
shedding frequency, the "lock" phenomenon is prione methods. The numerical integration method s

cause, which will lead to the fatigue damage. Fuately, particularly suited for an accurate represgntatbjn
the velocity of internal flow in the riser is small Parameters that vary along the length of the aset for

(V. <10m/s) in general marine engineering, thus, the efficient implementation on a digital computer. The
c dynamic response of the riser is a significantdadh

effect of the internal flow velocity on the natural design for all water depths, as least beyond 400te
frequencies of riser is small. _ _ horizontal motion of the drilling vessel in waves a
(4) The internal liquid damping of the riser: the major factor in determining the magnitude of riser
natural frequencies of the riser with the dampimg a eflections and stresses; consequently the motion
slightly smaller than those without it. The effeat  characteristic of the drilling vessel in waves nimy a
damping on the dynamic characteristics is relafivel gignificant factor in determining riser design. Timest
small compared with the length of the riser and the gjgnificant factor in extending riser design inteeger
internal flow velocity. water is the increased tension required to supit



riser. The tensioning requirements may exceed theapplying the finite element method, the marinerrisas

practical axial load-carrying capacity of the risas

modeled as the beam model which was fixed under the

water depth approaches 2,000 ft. The addition of seabed mudline at the depth of three meters, simply

buoyancy to the riser appears to be a practicahmea
limiting the required tension to acceptable levels.

In the literature [11], an analytical method
presented to determine the effect of vortex shegdim

is

marine risers. Formulas are given to compute riser combination-40 element.

response. Aiilustrative example is worked out to show
that vortex shedding may cause high cyclic streagels
that the problem can be avoided by suitably adjgdtie
riser tension.

The literature [12] describes a method of analysis
which can allow for all the effects of wind, waweirrent,
varying top tension, drilling vessel motion and®oas
well as many kinds of “boundary conditions”:-initia
offset, ball joint stiffness, etc. Unlike a numtdrother
published methods, this one takes full accounthef t
non-linear nature of the governing equation, tugnin
into an equivalent set of non-linear first ordedinary
differential equations which are solved numerical.

In the literature [13], the effect of a weak stoued
nonlinearity on the dynamical behaviors of a vaitic
offshore riser subjected to vortex-induced vibnatis
investigated. Coupling of the riser dynamics witte th
flow of the surrounding fluid is achieved by attaxha
wake oscillator to a reduced model of the structure
which is obtained through the application of the
invariant manifold technique for the derivation of
nonlinear normal modes. By comparing the free
responses of the linear and the nonlinear struciiunes
found that the structural nonlinearity has a stififig
effect on the oscillation of the riser, which be@mm
more pronounced when the internal flow is incorpeata
into the model. Consequently, in the coupled systam
response is considerably modified for the structase
well as for the fluid variable.

In the literature [14], the differential equatioor fthe
vibration of the riser system is derived by meaiis o
functional calculus of variation. The general fotentor
the dynamic response can be obtained by substjtthii
general formula into the functional and evaluatthg
extreme value.

In the literature [15-16], by using the random
vibration theory, the random process and randometnod
of wave force are analyzed. Wave force is a statipn

supported at the lower deck, and its lateral vibratvas
restricted by guide-frames at different elevatibising
ANSYS software, the gap-contact condition between
marine riser and guide-frames was simulated by
The non-linear dynamic
response of marine riser under one hundred-year
wave-current environmental load was calculated, the
displacement-time history of typical nodes and
equivalent stress-time history of typical elemewtre
also obtained, and the largest deformation andvatgrit
stress in the process of vibration of were theresehl
successfully.

In the literature [6], the software Shear 7 is daddpo
analyze the wvortex induced vibration (VIV)
performances of the risers with no buoyancy module,
staggered buoyancy modules and fully arranged
buoyancy modules respectively, and also analyze
quantitatively the root mean square(RMS)displacement
response of riser with buoyancy modules arranged
differently. The RMS displacement increases with
adding the number of buoyancy modules. The maximum
RMS displacement under the fully arranged buoyancy
modules is 2.66 times as large as the riser with no
buoyancy module.

In the literature [18], the time-domain random
vibration problem of the deep-water drilling riseas
been studied considering the non-linearity of getoyne
and the related dynamic response model was establis
The dynamic response of deep water drilling riser a
analyzed and discussed through an example based on
ABAQUS software, considering three main different
boundary conditions: the platform is in the average
offset, in different average off sets and undeeaffof
first order wave force, and in different averagésef
during long term slow drift and under effect of
first-order and second-order wave forces. The nigaler
example shows: (1) Under the first boundary cood;
the largest bending stress of the riser occursdmiw 4
m under the sea level, where is dangerous poinsef
fatigue. The change scope of the angle of thehiafje
installed at the bottom riser is small in the dyi@am
process under the invariable average offset camdibf
drilling platform, however, the mean value of thegke

random process and its mean is zero. Transverseof the ball hinge is greatly affected by the averaffset

displacement of riser system in marine drillingaiso a

of drilling platform, and this value increases aomith

stationary random process and its mean is zero. Thehe increase of the average offset of drilling folah.

transverse random vibration of riser system is
investigated by means of mode analysis and thergene
formulas for its correlation function and mean ggua
response are derived. The computing program

performed; the effect of wind speed on the trarser
mean square response of riser system is inveddigate

Therefore, for the flexible joints angle be onlyeded in
static analysis. (2) Under the second boundary
conditions, the vibration characteristic is more

is complicated compared with the first boundary cands.

That is, the most bending stress is increase, the
alternating amplitude of bending stress is increasel

The numerical example shows that when wind speed isat the same time, the vibration frequency speed up
less than 10m/s, the root of mean square of thesignificantly. However, the amplitude and mean loé t

displacement is very small, may be neglect; whemdwi
speed is more than 20m/s, the root of mean squdadhe o
displacement is approximate linearity with wind epe

In the literature [17], considering the gap-contact
condition between guide-frames and the fixed dglli
unit riser subjected to wave current loads, theitsol
method for transient dynamic problem under the
nonlinear boundary condition was discussed. By

angle of the ball hinge changes little. (3) Undes third
boundary conditions, that is, consider the effefcthe
drilling platform long-term slow drift compared \ithe
second boundary condition, the angle of the balyiis
seriously affected in this boundary condition. Ergle
changes in a certain cycle which is close to traecgf
the drilling platform long-term slow drift, and its
amplitude increases with the increase of the offi¢he



drilling platform. iteration step. During analysis, CFD software

The literature [19] presents an investigation itite FLUENT is used to analyze t he fluid field and FE
dynamic response of a marine riser subjected toewav software ANSYS is used to analyze the riser dynamic
and ocean current in 3-D space. The governing equat response. The example results indicate that atrtairce
of a marine riser is given, where interaction bemvthe current speed, the amplitude of the lifting forseabout
marine riser and fluids with vortex induced viboatiis more one grade than that the resistance, and the af/
evaluated on the basis of Matteoluca’'s wake oseilla the lateral vibration caused by the lifting forse2i times
model, an improvement of the Matteoluca model. Then as large as the cycle of the vertical vibrationuicet! by
the governing equation is discretized by using the resistance following the flow direction. When
Hermite interpolation function and the dynamic considering the Interaction of the riser vibratemmd the
responses obtained through the Newmark method. Thecurrent movement, that is, considering the Soliddfl
envelopes of displacement s in terms of variousrez interaction, the cycles of lift force and resistarforce
conditions as well as the curves of transverseexort become small and the amplitude become large. Tthus i
induced vibration were then plotted. The following can be seen that the release speed of the vortex is
results are given through an example. When the waveaggravated and structure destroy is accelerated.
propagation direction is in contrast to the directiof
ocean current, the displacement of the riser idaigest 3  Conclusion and preview
and the direction is the most dangerous for ther.riQ)
The motion of floats affects greatly the dynamic  The vibration of marine platform riser is a hotitop
response of a riser, so that the horizontal artthdif  for the vast number of marine engineering workers.
movement must be taken when selecting boundaryAlthough some achievements have been obtained,
conditions. (3) The dynamic response of the riger i several major problems are to be improved.
different when the damping is different. Therefoites (1) The forces imposed on the riser are complicated
unreliable to assume the damping is constant utider  the presented literatures all focus on certain dpduit,
different outside boundary conditions. The damping the influence of all forces together on the ridesudd be
factor should be correctly selected based on theconsidered comprehensive and systematically.
coefficient of the actual lift force and the amptie of (2) Different simplified model were adopted for
the lateral vibration. (4) The current affects grethe boundary conditions of the riser, most literatuag®pt
lateral dynamic response of the riser. This probteast  the riser model as a simply supported beam hinged a
be considered seriously. both ends of the riser. Although, a few considettee!

In the literature [20], based on Biolley's wake horizontal offset of drilling platform, all are dewith as
oscillator model, the differential equation for the static displacement. Actually, the horizontal offséthe
response of the vortex-induced vibrations (VIV)tbé platform is a random variable of time.

riser is derived and discreted with Hermit integtian (3) The difference between the model of wave force
function. The effect of the internal flowing fluehd the and the reality wave is larger. Most literaturegareled
external marine environmental condition are takeo i the wave force as a certainty force model. Althquah

account. The fatigue life of the marine riser islgmed few regarded the wave force as random model, some
by Miner's theory. The effect of the internal flow simplified were made in the calculation processtalt,
velocity on the response of VIV and the fatigue Idf more attention should be paid to the effect ofdhean
the riser is analyzed. The example results showttiea  wind on the vibration, fatigue life and strengttrisers.
internal flow velocity affects greatly amplitude tie (4) The existing literatures did not discuss thieaf
vortex-induced vibrations. When the riser nature of ocean earthquake on riser mechanical. Actually,
frequency higher little than the vortex shedding riser is easily to be damaged when the earthquegero
frequency, the increase of the internal flow velpeyill in the marine, which should be paid more attention.
cause locked vibrations in more element of therrise (5) The existing literatures failed to discuss the
that the response amplitude will increase. Oth&wis problem of collision between the drill string arme triser.
when the riser nature frequency is smaller than thein fact, it is an important subject worth consideri
vortex shedding frequency, the increase of therriale (6) Because of different assumptions of the riser
flow velocity will cause locked vibrations in ligl mechanical model, there is a large difference betwe
element of the riser, the response amplitude willuce  the present results of research on marine risers.
until the whole riser deviate the region of locked Therefore, it is difficult to provide effective asnce
vibration, so that, the effect of the internal fleelocity for riser design and use. A variety of models ofsar
should be considered in the design of risers. Theand analysis methods should be further carriedtout
influence of the internal flow on the vortex-inddce compared and analyzed, so that the results are imore
vibrations of the riser can be reduced, by increasi line with the actual engineering.
appropriately the top tension of the riser. (7) Only as soon as possible to carry out real-time
In the literature [21], an iteration method between monitoring on-site for dynamic response of marine
CFD analysis and structure finite element analysis i platform riser, the basis for improving and revigia
proposed. In the iteration, the fluid field and theer variety of models and algorithm is supplied.
response are calculated in turns. The hydrodynamic
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