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ABSTRACT

Until now dozens of offshore structures have been
deployed in Bohai bay since the first drilling péam was
erected in 1965. The oil and natural gas resoutd&ohai
Bay are mainly marginal oil fields. It is necessaoybuild
both
Full-scale measurement for many years shows thigrdes
some ice-resistant platforms is not so sophistibatee most
significant is that ice induced vibration is theimehich has

ice-resistant and economical offshore platirm

caused harmful accidents in Liaodong bay of Bolmaarder
to ensure security operation, structural safetgsssent and
life extension become key problems. In this pageture
modes of ice resist jacket platforms, the relatadurfe
evaluation criteria, and risk grade are treatednkioed with
monitoring data of ice loads, assessment stratepgyeisented.
Lastly, as an application example, safety assessnena
practical platform in Bohai Bay are carried on.

1 INTRODUCTION

Different types of steel structures can be apphed the
development of offshore hydrocarbon fields in icene
Normally, there are two types of steel offshoreudtures
designed to resist ice forces. One is the caissontsre,
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which is rigid and has strong ability to withstagxtreme ice
force and dynamic ice force. The other is jacketcstire,
which is more economic as it uses less steel irsdinee

depth of water, and is prevalent and accepted il co
engineering. Since the late 1960's, there were IynekEd0
offshore platforms after the establishment of thestf
platform in Bohai Sea. The design life of jackedtfirms is
about 15-20 years. It is recognized that the repast is so
expensive, compared with the initial cost of a r@atform,
the owners expect the existing platforms which ercer
approach their design life carry on with producing.
Technology for safety assessment of offshore areitls
moderate ice conditions is a key concern for
development of offshore hydrocarbon fields in tbe zone.
It is of particular importance to reduce the riskough
selection of appropriate technology for the exigtjacket
platforms. At present, safety assessment of egisiffshore
jacket platforms for life extension is mainly bassdAPI-2A
WSD [1], 1ISO19900 [2], ISO19902 [3], or ISO13822, [dtc.
During the early 1990’s an API task group develop&d2A
section 17 for the assessment of existing platfofBis
Additionally, RP 2SIM (Structural Integrity managent)
will, the first time, provide the engineer with
fithess-for-purpose acceptance criteria againsptadorm’s

safe

for
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ultimate load capacity, measured as the Resenen@tr
Ratio (RSR) [6].
traditionally designed on a component-by-comporizatis,

Nowadays, offshore platforms are
such that under all combinations of design loadavgry
component in the structure has utilization ratioval using
the strength formulations from the API RP 2A, ofityror
less. However, it is recognized that fixed offshseteictures
are usually redundant and have a number of diffelcad
paths such that failure of one member is unlikelyelad to
catastrophic structural collapse, provided that qadée
redundancy is available. So for existing offshdractures, it
is possible that isolated component failure(s), laads
exceeding the component capacity, will be acceptabl
provided that sufficient reserve against overaditesn failure
exists. Assessment analysis in RP2-SIM providesest b
estimate of the strength of the structures. It seekutilize
the available reserve strength and redundancy cemtusmted
for design. The assessment of an existing platfisrsolely
intended to demonstrate fithess-for-purpose; metocend
structural criteria for an existing platform may be
significantly different from a new design. To derstate
structural fitness-for-purpose with ultimate strémgiethods
there are two types of acceptance criteria availabhe first
is specific metocean loading criterion such as wagight,
current, etc., and the platform should be showwitbstand
without collapse. Alternatively, a minimum acceptgaRSR
is a measure of the platform loading relative tad® caused
by the 100-year metocean conditions used for tlsgdeof
the new platform. So it can be concluded that theent
design codes and safety assessment criteria fahay
structures mainly deal with the extreme force, io¢
dynamic ice loads, because the interaction betviezm@mand
the structure is very complicated, and the dynafmice is
hard to be simulated and a practical dynamic icegfanodel
has not been well developed.

However, it is well known that ice could induce nations
on slender jacket structures and the periodic leaed$ormed
because of the ice failure of the structure. Thenpmenon
of ice-induced structure vibrations has been ndtiead
studied since the early 1960s [7]. In the 197@htlouses in
the Gulf of Bothnia encountered ice-induced vilmasi and
one of them collapsed [8]. Further, in the 198Mslikpaq,
the sand base of the caisson structure, in the fBedbea,
was liquefied because of ice-induced vibrations Sihce
the late 1980’s, ice-induced vibrations have beeticad
after the establishment of the first platform innRoSea [10].
Based on the field monitoring data of the oil patfis in

Bohai Sea, the probability of potential risk proedkby ice
induced vibrations is greater than the collapsesuedtreme
ice load. So, ice-induced vibrations are the keyés that
endanger safe development of existing offshorecsiras,
especially for the slender ice-resistant jacketfpiens. So
the evaluation methods or acceptance criteria @viail in
API-2A WSD are not so sophisticated for existingistures
in arctic area, dynamic assessment should be malstvied.

In this paper, failure modes of ice-resistant jagkatforms,
the related failure evaluation criteria, and ristade are
treated. Combined with monitoring data of ice Igads
assessment strategy is presented. Lastly, as dicajgm
example, safety assessments of a practical platiofBohai
Bay are carried on.

2 STRUCTURAL FAILURE MODES OF
ICE-RESISTANT JACKET PLATFORMS INDUCED
BY ICE LOADS

Full scale observations carried out in the Boheaa Show
that ice-resistant jacket platforms in marginal faélds are
slender, and their basic frequency is roughly 1-2. H
Although under extreme static ice loads the safeserves
atie
structures could withstand the push-over ice foiBeth

of ice-resistant jacket platforms are greater,

vertical structures and conical structures encaounte
significant ice-induced vibrations. The failure nasd of
ice-resistant platforms in marginal oil fields arpite

complicated.

2.1 Structural Safety Damage under Extreme Static
Ice Load

In the current code-based design of offshore plaiso the
seismic load, waves, sea current, wind, and icelsloare
usually converted into equivalent static actiorise trength,
stiffnress and stability demands of the structures o
components are evaluated under all sorts of eqrivatatic
loads combination to guarantee that the stresgrmhetion
and buckling load are less than their thresholdues|
respectively. It is recognized that the assessmEakisting
offshore structures is different from the designeof the
new platforms. In the APl RP-2A or DIS 19902, atinohte
strength assessment of existing jacket platformeroegnes
the actual system capacity of the analyzed strestut can
be expressed in terms of the Reserve Strength RER),
which is a measurement of the structure’s abittwithstand
loads in excess of those determined from the pilatfo
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design. The RSR is quantified as the ratio of thecture’s
ultimate strength to a reference level load, andxisressed

_F
R = %d (€

Where R, is the RSR,F, and F,

u

as:

represent sidelong

force or overthrow moment of the foundation undémate
and design load, respectively. When the design hdet
water is greater than 30 meters, RSR can be deschipp the
overthrow moment, or else sidelong force [10]. Tadhows

results of the maximal deformation, the maximaésdt and
RSR of typical ice-resistant structures in Bohaa,S®ich as
JZ20-2 MUQ, JZ20-2 NW, JZ20-2MSW, and JZ9-3GCP,
under extreme ice loads. The design ice thicknessbout
42cm there. The maximal ratios of the calculationttie
threshold for the deformation and stress are 27&8%
27.1%, respectively. The safety reserves are grestethe
structures could withstand the push-over ice foEbeen so,
structural safety damage under extreme staticoiaeé should
be considered in the assessment of existing jgtaet

Table 1. The maximal deformation, stress of ice-resiant platforms and the RSR under extreme ice forces

platform Maximal deformation(mm) Maximal stress(MPa) RSR
Calculation threshold Calculation threshold
value value value value
JZ20-2MUQ 15 168 23 225 11.2
JZ20-2MSW 24 130 61 225 5.42
JZ20-2NW 12 118 32 225 9.83
JZ9-3GCP 24 88 36 225 3.67

2.2 Structural Failures under Dynamic Ice Load

Due to the internal dynamic characteristics of icad and
ice-structure interaction, the ice breaking pemaaly coincide
with the natural period of the structure .It mayusa the
resonance vibration, which is quite harmful to #teucture.
Intensive ice-induced vibration has observed
platforms in Bohai Sea in
performance requirements of ice-resistant platforntdude
the structural dynamic characteristics (the stmadtmatural
frequency) and The
ice-induced vibration could result in significantctical stress
at the tubular joints of jacket structures hat mayse fatigue
failure, the damage of facilities (pipeline syst@mend
discomfort of the crew members on platforms.
multiple failure modes of structure, facilities ardew
members under dynamic ice loads are treated herein.

ice-induced vibrations.

2.2.1 Fatigue Failure Induced by Ice-vibrations

In order to verify the possibility of the structurtatigue
failure under ice vibrations, estimating whethee ttyclical
stress of a hot-spot is greater than the fatigomt Istress is
needed. Fatigue damage of the platform is indugedblical

stress of the tube node. With the typical deckatibn

response (see in figure 1 a) and the finite elemetel of the
jacket platform (see in figure 1 b), the authorslared the
fatigue stress using ANSYS software, as shown gnl-iHere
are the monitored data of the structural vibratiamsler

in eom typical ice conditions which are chosen to validdte
recent years. The dynamicsignificance of the cyclical stress.
According to the type of the node and the strudtura

parameters, The Stress Concentration Factors (8Ce

intemsiv node is considered based on the criterion promedpdty

DNV [11]. In addition, according to th®8-Ncurve of the steel
provided by APl 2A [12], the fatigue limit stress about
41MPa when the limit fatigue life i =10°%. As shown in

Thus,Fig.1 (c), the cyclical stress amplitudes of theudure

induced by the typical ice condition are greateanttthe
fatigue limit stress amplitude, in one minute thenber of
times is about 16, considering the SCF. So theigalcétress
induced by the ice forces may cause fatigue danmageeasy
to come to the conclusion that the cyclical stresgreat
enough to evoke fatigue damage and fatigue evaluétir the
jacket ice-resistant platform in ice zone is nece.
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(a) () (©)

Figure 1. Fatigue stress analysis by ANSYS software based on monitoring data.

2.2.2 Failures Induced by Deck Accelerations natural gas to rush out. Figure 4 shows the broligeeline

Based on the data observed on the jacket platfose®,ice  caused by vibrations. On February 7, 2000 a flamgethe
can induce the periodic load and make the offshacket pipeline loosened during vibrations and causedadgek The
structures vibrate with major acceleration. Fig2rehows the  writers designed all kinds of torque spanners. imrthe
every-day max acceleration of ice-resistant platforin examination and repair of offshore platforms in iggr we
winter 2004/2005. As production platforms, the wsifions found that connected bolts of 47% the flanges \githphite
have caused accidents.On January 28, 2000 one eof thgaskets are loosed and the lowest remnant pre®azhly

pipelines on the platform suddenly broke duringdiestate 50N.m. For a living platform, intensive deck viboais could
vibrations as shown in figure 3. This caused higtspure discomfort the crew members and even affect wdfikiehcy
or health
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Figure 2. Every-day max acceleration of jacket platform in winter

Figure 3. Steady state vibration caused by ice crushing failure Figure 4. Broken pipeline caused by vibrations
.2.3 Evaluation Criteria and Index of Ice-resistant The failure modes of ice-resistant platforms indudy ice
Jacket Platforms loads include the following three major types:

(a) Structural safety failure mode, which includee excess the threshold values under extreme static ice &atifatigue
of the maximum deformation or strength of the dtie to damage of tubular joints under ice-induced vibraio

4 Copyright © 200y ASME

Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use



(b) Human factor failure mode, which may causephgsical

discomfort, affect the work efficiency, and everdanger the
health of the crew members due to significant \ibra of

platform deck.

(c) Facilities failure mode, which refers to thesarviceability

or damage of the facilities on the platforms caudnd
ice-induced vibrations, such as fatigue fractureiples and
looseness of flanges.

So the multiple evaluation criteria and index of-resistant
offshore platforms under ice loads are summarinekhble 2.

Table 2. Discrimination index of ice-resistant platforms evaluation criteria

Failure type Performance description Failure discrimination inde

Structure Structural safety damage under extreme statiome | Structural deformation or strength

Structural fatigue damage under dynamic ice load cli€sl stress of tubular joints

Human Physical discomfort, degrading work efficigrand even Equivalent deck acceleration,
endangering health of the crew members inducecebi¢ d frequency, duration, and direction.

vibration
Facilities Unserviceability or damageability of il#es on the Equivalent deck acceleration
platforms induced by deck intensive vibration
3 RISK ASSESSMENT STRATEGY OF Bohai Bay. For the conical structures, the ice nfay in

ICE-RESISTANT JACKET PLATFORM

Risk assessment of ice-resistant jacket platformsthe
evaluation of the risk or damage aspects of aqdati system
or homework, whether those risks are from humargviare
or software failures, or environmental events, oonf
combinations of such failures. An essential aspéd¢he risk
process
Information on the original design, fabrication andtallation,
including results of numerical analyses, in-servitgections,
engineering evaluations, structural assessmentdifinadions,

assessment is up-to-date platform infoomati

strengthening, repairs, and operational incidefiisen an

engineering evaluation should be performed. Thduatian

establishes the requirement for structural assedsne

demonstrate fitness-for-purpose. In this papek, assessment
strategy of ice-resistance jacket platforms is ¢mésd,

including dynamic ice load model, ice fatigue eadimental

parameters, and quantified risk assessment methods.

3.1 Dynamic Ice Loads

According to the form of platform’s leg, there & kinds of
structures for ice-resistant jacket platforms, udahg vertical
and conical structures. For vertical structuresgedhvibration
modes, quasi-static force induced vibrations, stesdte
vibrations and random vibrations, may appear durice
crushing failure with the ice speed changing framw to fast.
The maximum vibrations appear in the steady-stieations,
which have been measured on some vertical platfarms

bending
disappeared. But the breaking period could coingidh the
natural period of the structure and evoke resonsiications.

in most cases and the steady-state vibratio

3.1.1 Dynamic Ice Load Model of Vertical Structures
Dynamic environmental forces can be characteridtitbrein
the time domain or in the frequency domain. A fregy
domain method is often used for stochastic enviremtal
forces. Tuomo Karnd and Qu present a spectral mfmtel
dynamic ice forces on narrow vertical structurdse model is
developed using results of spectral analyses ofdme data
collected in full-scale test in the Bohai Bay, dtedfunction
can be expressed as [13]:

7.252

1+10.4x 7.2:5¢2

S (f )= (2)

Where o is the mean square deviation of the ice force, can
be given by:

(3)
Where | - the strength of ice, taking.4; M- constant,

equalto 3.7; F P the static ice load of the vertical structures,
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F = ao.Dt;Where & =0.4~0.7, is taken as 0.4 herein;
o is the uni-axis compression strength of ieg, =2.1MPa;
D is the diameter of vertical leg; t is the icecitriess.

3.1.2 Dynamic Ice Load Model of Conical Structures
The dynamic ice load on the upward facing conénislar to
a pulse function. Yue and Bi [14] developed a ldatttion of
the ice acting on an upward cone. The period offacee is
related to the breaking length and the ice speedhé high
speeds, the significant ice-induced vibration Jid evoked.
The ice-load function expression is defined as

t
F(t):{FU(l_z—j 0<st<r1) )
0 (r<t<T)

WherekF,-ice force amplitude,T - ice force period,7 - the

time of ice and cones interaction. Deterministie iforce
function has clear physical meaning and it can beduin

rough fatigue analysis.

On the other side, in order to analyse the respmorise
frequency domain, it need to build ice force speutrYue et
al. studied the type of ice force spectrum withdfidata, and
built the ice force spectrum for conical structubased on the
ice force history of years’ field tests, and itsidtion can be
expressed as [5]:

1

2T -2.5
Mexp(—SA?T“"64 fo.64) (5)

f 3.5

S(f)=

Where F -ice force amplitude,T - ice force period of
conical structures.

3.2 Ice Fatigue Environmental Parameters

Ice fatigue environment is the important factor tisk
assessment for ice-resistant jacket platforms. Hang ice
condition data is the base of building the modefatiyue ice
environment. Ice fatigue environmental parametdrsukl
include these five factors, ice thickness, ice e#jo ice
flexural strength, ice period and ice flow direatidrue et al.
[16] accumulated integrated several years’ ice itmmddata
in Bohai Sea, which compose the foundation of lngdhe
ice fatigue environmental model. The statisticatributions
of ice period and ice thickness are chiefly disedsas follow.
(1) Ice thickness

Based on ice thickness data of 8 years, 1996-260320-2
sea region of Bohai Sea, the statistical resulicatds ice
thickness preferably obey logarithmic normal disition and
passes theK-S check of conspicuous leved=0.05 The
probability density function can be expressed as:

Inh-1.8671,
0.5503

f (h

- 1 1
(h)= 0ssomT o expl-=( (6)

Where h is the ice thickness.
(2) Ice velocity

Based on the data of 4 years’ field test, 1996-20e
probability analysis of ice velocity is carried drhe statistical
results indicate ice velocity follows Rayleigh dilstition and
passes theK-S check of conspicuous leved=0.05 The
probability density function can be expressed as

VE

1653 .1024

v
F(V) = e
V) = 526 5512

) (7
(3) Iceflexural strength

For the vertical structures, the yield compresstength of
ice follows normal distribution, and the ratio ofean to
standard value is 0.961, coefficient of variatierDi115. And
for the conical structures, the yield bending sjtbnof ice
belongs to normal distribution, the ratio of meanstandard
value is 0.757, and the coefficient of variation0id59. In
Bohai Sea, the compression strength is 2.1MPa, taad
bending strength is 0.7MPa.

(4) Icedrifting direction

Field observation indicates that the ice driftinigedtion in
JZ20-2 sea region of Bohai Sea is mainly controbgdide
and affected by wind. Because the tide in Bohai Isdangs
to regular tide, short-term data is enough to attarzze the
distribution of ice drifting direction. The staisl results of
ice drifting direction are shown in Fig.5, and tlenchmark is

0.012

o Statistical results
0.010

fitting results

e
=3
S
o

0.006

0.004

Probability density

0.002

0. 000

0 45 90 135 180 225 270 315 360

Ice drifting direction( ° )

Figure 5. Probability distribution of ice drifting direction

true north direction and the clockwise rotatiorpisitive. It
can be found from Fig.5 that the directions of Nifl &W are
the main ice drifting directions in JZ20-2 sea oegof Bohai
Sea

(5) Effectual ice period

The grade of ice condition is the dominating fadtmmweigh
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the degree of ice condition and it varies from 5 tmlong with
light ice condition to heavy ice condition. It ibwious that the
effectual ice period also changes with differeradgr of ice
period. Calculating occurrence probability of thadg of ice
in 1960-2004, we will get the probability
distribution of the grade of ice condition. In Bol®ea, the

condition

average effectual ice period of 44-year is 42 days

3.3 Risk Assessment of Fatigue Failure Induced by

Ice-vibrations

Firstly, risk assessment of fatigue failure for -fesistant
jacket platforms needs to determine whether thdiccgtress
of hot-spot induced by ice-vibrations under nornie¢

condition is so significant, i.e. it also need tetetmine
whether the cyclic stress amplitudes are greatan tthe
fatigue limit stress, based on the ice environmqaeameters
and structural dynamic characteristic. Then thduaton of
fatigue life by ice vibrations should fperformed if the cyclic

Dynamic ice loads

\ 4

Mechanics model of jacket platform

A 4

Dynamic charactéstic and fatigue stress

A 4

stress of tube node is great enough to evoke fatitamage.
The process contained in risk assessment of fafglee is
illustrated in Figure 6, and it is continuous aedential and
provides a logical framework.

The method of safety life is based on Miner's lnea
cumulative fatigue hypothesis a®iN curve data, and it
usually is suitable to apply to the offshore stooes.
Accordingly, the method of safety life is choserestimate
ice-induced fatigue life in this paper. In fatigaealysis,
the methods of assessing cyclic stress mainly dwclu
deterministic method, spectral method and time-doma
method. Compared with other methods, spectral ndetho
has such advantages such as high computing velacidy
enough computing precision and so on. The flowcbért
spectral method for ice-induced fatigue analysiss wa
presented by Liu [17]. Also for the existing platfts, the
cyclic stress can depend on the monitoring datinduhe
ice vibrations [18].

Ice environmental parameters

No

Fatigue possibility

Conclusion v

Yes v

Ice spectrum

Fatigue life evaluation

'

Conclusion

v

A 4

Stress  spectrum  and

distribution

probabilit

=<

A

Fatigue damage and life

Figure 6. The risk assessment of fatigue failure proces

3.4 Risk Assessment of Acceleration Failure
Acceleration failure induced by ice vibration isesfied,
which as previously discussed, includes crew menaat
facility on the platform. Ice vibrations could in#nce the
crew physiologically and psychologically who workdalive
in the vibration environment for long terms, andemv
endanger their health. Big amount of research atdit that

the effect on bodies by vibrations lie on four mtiators, i.e.
acceleration amplitude, frequency, duration, ameation.
According to the above factors, three limitatioreyrgvmade to
estimate the effects: comfort degradation, workcifficy
degradation and exposure limitation. Based on tagomnal
code Reduced Comfort Boundary and Evaluation Qaitfar
Human Exposure to Whole-body Vibration [19], undhégh
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frequency less than 2Hz, every stage critical valiauman  and duration in level librations are shown in Table
feeling about the relationship between vibrationederation

Table 3. Every stage critical value of human feeling about the relationships between vibration acceleration (m/s2) and duration in
level librations

24h 16h 8h 4h 2.5h 1h 25min 16min 1min

I 0.03 0.05 0.07 0.11 0.16 0.27 0.40 0.48 0.63
I 0.095 0.158 0.221 0.347 0.504 0.851 1.260 1.512 984l.
1T 0.19 0.316 0.442 0.694 1.008 1.702 2.52 3.024 3.97

(Where | is the comfort degradation bounddtyjs the work efficiency degradation bounddiy,is exposure limitatiorl is 3.15 times as great

as [, andlll is twice greater thadl .)

Based on the data monitored, the direction of deliation is 4. AN EXAMPLE OF RISK ASSESSMENT FOR AN
mainly level, and the energy of ice-induced vilmati EXISTING JACKET PLATFORM IN ICE ZONE
distributes mainly on first frequency of the respenSo only  In this paper, JZ20-2MSW platform is chosen as xammle
considering basic frequency can guarantee enougtispon of risk assessment by ice-induced vibration, shiowfig.7.
in evaluation of operation crew feeling by ice ation. The platform is a jacket structure with three pilead
Vibration  magnitude is denoted by acceleration ice-breaking cones, and the maximal dimension efcitne is
root-mean-square, it is average vibration amountdrtain  4m. The total upper mass is 200t. The elevatiowark point
time T. The equivalent continuous acceleration is EL. (+) 7.5 m and the design depth of water6isbIm.
root-mean-square was expressed as: Mode analysis is the base of dynamic analysis @fthucture,
and its results can also verify the rationality tbé finite
element model. The first order frequency calculaied
(8)  1.36Hz which is very close to the field result, 1.37Hz.iSie

. ) . evident that the built model is authentic.
Where a,(t) is acceleration root-mean-square of certain

1T 1/2
a. =[], al(t)dt]

timetm/ &, Tis integration time, s.

Also, the acceleration response can depend on teaher
simulation, such as spectrum method, which is aimib
fatigue stress analysis based on ice spectrum atigué
environment.

Effective total exposure time’ Was written by:

t, = t, x =
T
T':Ztl':r'zt—‘ ©) .
! toT Figure 7. 3z20-2MSW platform

(1) Extreme staticiceload
Where ti' - equivalent to the actual timé of different ~ From table 1, under the extreme ice load, the makim
deformation and stress are 24mm and 61MPa, resphcti
And the ratios of the calculation to the threshatd 27.3%
and 27.1%, respectively. The reserve strength raitto42. So

acceleration, 7' -allowable exposure period, the ratiotof T’
should be larger than 1.

the structure could withstand the push-over icedor

(2) Fatiguefailure
8 Copyright © 200y ASME
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A medium ice condition with ice thickness 20cm aicd

velocity 30cm/s are chosen to validate the sigaifae of the
cyclic stress. As shown in figure 1, the cyclicest of tube
node is great enough to evoke fatigue damage digidalife

analysis for the jacket ice-resistant platform stiole

conducted.

According to the above-mentioned, ice fatigue wookdition

chiefly depends on ice thickness, ice velocity aeddrifting

direction. Because the two chief ice drifting difens are
almost in a beeline, in order to reduce computinge tonly

one ice direction is considered.

Miner's theory and the fatigue life of JZ20-2MSW
platform is 30 years. Generally speaking, the dekfg of
offshore platform is about 15-20 years. So theltesu

indicates that the fatigue life of JZ20-2MSW platfo
satisfies the design requirement.

(3) Acceleration failure

With numerical statistics of the data monitored tre
platforms of JZ20-2 MSW in winter 2002/2003, eqigvd
total exposure time and acceleration in differeifiration
surrounding are 4.3 hours and 0.373sspectively.

The maximal ice thickness is regarded as the mdximaCompared with the ISO standard about human body in

design ice thickness, 45cm, and the maximal icecitsl is
considered to be the maximal field tested valu€ctis.
Furthermore, taking one kind of ice thickness &trivals
of 3cm and one kind of ice velocity at intervals5afim/s.
Every kind of ice thickness and ice velocity congbito
make a kind of fatigue work condition, so there a6®
kinds of fatigue work conditions in all.

The position of the maximal stress occurs at tbspoint
of two inclined struts, which is shown in Fig.8. dscding
to the results of hot-spot stress and $hl curve provided
by API 2A, the fatigue life which is is estimatedhv

Figure 8. Typical stress nephogram of MSW platform

vibration environment, it is found that for a ligmplatform,
intensive deck vibrations could discomfort the creembers
and even affect work efficiency or health.

Similarly, to the assessing fatigue stress basedpattrum
method, figure 9 shows the maximal acceleration |fnties
of JZ20-2MSW platformin 300 kinds of ice conditiornThe
acceleration is so intensive when the ice thickieess the ice
velocity arelarger than 15cnand 20cm/s, respectivelgo
the risks of pipe fracture and flange leakage cdiddevoked
by the serious moving ice.

Figure 9. The maximal acceleration amplitudes of
JZ20-2MSW platform
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5 CONCLUSION

The design of ice-resistant jacket platform wasswot
sophisticated because the risk assessment onlideoed
ultimate strength under extreme ice load, suchuabqver
failure mode. In this paper, based on the yealisstiale tests,
the risk evaluation criteria for existing jackeatibrms are
treated. What's more, ice-induced vibration antufaimodes
of ice-resistant compliant structures are analyzed.
Although the safety reserves of ice-resistant jaghatforms
are greater under extreme static ice load, thetsires could
withstand the push-over ice force. Both verticalcures and
conical structures encounter significant ice-indlg#rations.
The offshore structural vibrations induced by dymarice
loads may evoke two kinds of risk. The intensivakéhg of
the deck may endanger the facilities of the platfoand
discomfort the crew members. Additionally, cyclisiless on
tubular nodes of the jacket structures may reduoe t
structural fatigue life. In this paper, the assessnstrategy of
all kinds of failure modes is present.

Until now, ice-induced vibrations and its consequeeshould
be considered for the risk assessment of ice-egdist
platforms in ice zone. It will also bring forth slies of related
problems, such as practical dynamic ice force ngdatigue
analysis, a complete evaluation of crew member&theand
dynamic response analysis of pipeline systems expds
ice-induced vibrations on offshore platforms, viia
mitigation and control.
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