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BBeneHue

Mpobnema ocBOeHNS HedTera3oBbIX PECYPCOB
KOHTUHEHTaUTLHOMO Lenbda PO, 1 B nepByto o4epedb,
wenba APKTUKK, TPEBYET MPOBEAEHMSA BONBLLIOMO
obbemMa Hay4HbIX MCCNeaoBaHNiA yHOAMEHTaSTLHOMO 1
npvKnagHoro xapakTepa. OQHOM N3 KOMMIEKCHbIX 3anad,
MMEIOLLIMX BOSbLLIOE NPaKTUHECKOE 3HAYEHNE, SABSETCA
COBEPLLEHCTBOBaHME METOOONOMM ONPEeAeneHs NeoBbIX
Harpy30K Ha MOPCKMe NiaTdopMbl, 6€3 NCMONBE30BAHNS
KOTOPbIX OCBOEHME BOMBLLINMHCTBA MECTOPOXAEHWN,
PacMoIOXKEHHbIX Ha apKTUHECKOM Lebde Poccun

1 B OPYMX MOPSIX C XONOAHBIM KIMMaTOM, MoKa
NpeaCcTaBNSETCSH HEBO3MOXHbIM. KOPPEKTHOE peLLeHNE
BOMPOCa O pacHeTHbIX IEA0BbIX HArpy3Kkax onpenensdet
KaK TEXHMKO-3KOHOMUYECKME MOKa3aTenn NpoeKTa
00yCTpoCTBa LENb(OBOr0 MECTOPOXAEHWIS, TaK U
YPOBEHb HAOEXHOCTU 1 BE30MaCHOCTI, PEaNT3yEMbIi
NPV NPOEKTUPOBaHNM MNaToPM: 3aBblLLIEHNE

Harpy3oK NMPUBOOUT K POCTY KanuTanbHbIX 3aTpar

Ha CTPOUTENBCTBO, a 3aHKEHE MOBbILLAET PUCK
MOBPEXAEHNS N [aXKe PaspyLLEHNS COOPYXXEHNS B
npouecce akcrnnyataumm. Kak 1 opyrme Harpyskiu,
nopoXkAaemble NPUPOAHbIMU hakTopamm, neaoBas
Harpy3ka 0611afaeT BbICOKOWM CTEMEHBIO CTATUCTUHECKON
N3MEHYMBOCTU. [M03TOMY 3aa4a ONPEeaeneHns PacHeTHbIX
3HaYeH1In Ne0BON Harpy3KM AN1S Pa3NYHBIX PACHETHBIX
CUTYyaUuii [O/MKHA N3yHaTbCst B pamMKax BEPOATHOCTHOWM

56 | ROGTEC

| ﬂ"SllﬂI‘B

Dmitry A. Onishchenko (Gazprom VNIGAZ LLC)

Introduction

Resolving the challenge of developing Russia’s offshore

oil and gas resources, those on Arctic shelf being first and
foremost, requires much scientific research, both theoretical
and practical. One of the main challenges is attempting to
calculate the ice loads that can hit offshore platforms which is
still critical for developing most fields in Russia’s Arctic shelf.
The correct estimation of the ice loads that are likely to be
encountered is key — overestimation of the loads will result in
higher capital expenditure, while underestimation will increase
the risk of damage or even destruction during operation. As
with other loads caused by natural factors, ice loads can vary
enormously, and this is why calculating ice load values must
be done within the probabilistic framework. One of the current
challenges facing the industry is the construction of offshore
platforms for a number of promising fields based in a number
of Russia’s northem seas, including the Barents and Kara Seas.

Using current data, the study proposes a physical and
mathematical model which allows various iceberg hazard
indicators to be analyzed. These include the probability of
an iceberg/platform collision during a given timeframe, the
probability distribution of the iceberg’s kinetic energy on
collision, etc.

Requirements are established for the initial data required for
corresponding calculations. The paper discusses the results
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MOCTaAHOBKW. 119 HECKOJIBbKMX CEBEPHBIX MOper Poccun,
BKtoYast bapeHueBo 1 Kapckoe Mops, Ha wenbde
KOTOPbIX PACMONOXKEH LENbIN PAd, MECTOPOXKAEHWN

1 MEPCMNEKTVBHbLIX CTRYKTYP C BOMbLUMMM 3anacamm
YrNeBOOOPOLOB, OOHOM N3 aKTyallbHbIX 3aa4 ABMAETCA
peannCcTNYHas oLeHKa ancbeproBor yrpo3bl 4151 MOPCKUX
nnatcopm. B paboTe ¢ y4eTOM OOCTYMHbIX B HACTOSILLIEE
BpeMsi AaHHbIX akTUHeCKMX HabKOOEHWM NpeaiaragTcs
noyaHaUTUHECKast BEPOATHOCTHASA PUBUNKO-
MaremMarmyeckas Mogesb, NO3BOSIAOLLAA OLEHMBATL
pasnYHbIE MoKa3aTenm ancbeproBon yrposbl, HAMPUMEP,
BEPOSATHOCTU CTOSIKHOBEHWA aricbepra ¢ nnatdopmMon B
TEeYeHMe 3a0aHHOIr0 MHTEPBasTa BPEMEHN, BEPOATHOCTHOE
pacnpeneneHne XapakTepucTk ancoepra unm ero
KVUHETUHECKOW 3HEPI M NMPY COYLAPEHUN C NAATHOPMON U
T. 0. ChopMynmpoBaHbl TPEOOBAHMA K MCXOAHBIM AaHHbIM,
KOTOPbIE HEOBXOAUMbI ANS MPOBEAEHNSA COOTBETCTBYHOLLINX
pac4eToB. OBCY>KOaeTCA BOMNPOC O TOYHOCTY MOSyHaeMbIX
PEe3yNbTaToB Y BO3MOXXHOCTU NCMOIB30BaHMA VX B
NPaKTUKE NPOEKTUPOBAHVIS.

1 ®akTopbl, 06ycnoBnuBatowme BePOATHOCTHbIN
XapakTep Jie4OBOW Harpy3Ku

JlepoBasi Harpyaka Ha MOPCKME MnaTtopMbl BOSHUKaET

B MPOLECCE BO3AENCTBUA Ha HNX ABVKYLLEroCs
NedsiHOro MokpoBa, B 06LIEM Cry4vae, MPOCTPaHCTBEHHO
HEOOHOPOOHOr0, COCTOSALLErO 13 NeAsHbIX 06pa30BaHNI
pPa3NMYHOro T1Na (HanpPUMEP, POBHbBIM Nefd, HACNOEHHBI
nen, TOPOCUCTLI Nnef, ancbepr n Ap. — ¢ MoJSHbIM
nepeyHeM MOXHO O3HaKOMUTLCA B HoMeHKnaType
BcemmpHo METEOPONOMMHECKO OpraHn3aLmmn Mo fbay
[1]). Mpw B3aMMOOENCTBIM C MPerpanov HaaBMraroLLMIACS
Ha Hee nef, paspyLaeTcs No AeNCTBUEM KOHTaKTHbIX
CWI CO CTOPOHbI NAaTdopMbI 1, B CBOKO 04epedp, Mo
N3BECTHOMY 3aKOHY (OM3VKM MOPOXOAET aHATOMYHbIE
BO3AENCTBMSA Ha KOPMyc nnatdopMbl. Takmm 0bpasom,
NefoBas Harpyska Ha MOPCKYHO NiaTdopMy MopoXaasTcs
npoueccamn paspyLLeHVs Tbaa: NOKanbHbIMU, MEHOLLIIMIA
MECTO HEMOCPEOCTBEHHO B 30HE KOHTaKTa OTAENbHbIX
YacTen negsHoOro NOKpPOBa C Nperpagon, 1 rnobanbHeIMK,
COMPOBOXOAIOLLMMI Pa3pyLLEHNE NEAAHOrO NOKPOBa
NN BXOOALIMIX B HEr0 OTAENbHbIX NeasaHbiX 06pa3oBaHuii
B LIESIOM (B OCHOBHOM, 3TO MPOSIBIAETCA Kak
TpeLmHoobpazoBaHe). 3aMeTM, MPW CTONKHOBEHNM
ancbepra ¢ NnaTopMOon padpyLUeHNe Nbaa MPaKTUHECKM
BCeraa OyneT MMETb NTOKabHbIA XapakTep.

CyMMapHas nefoBast Harpy3ka Ha nnatopmy B
LIENIOM (e€ 4aCTO HasbIBaOT rNodanbHOM Harpy3Kowm)
npeacTaBnsieT cobor HEKOTOPYIO OYHKLIMIO BPEMEHN,
OEMOHCTPVIPYIOLLIYIO B OBLLIEM ClyHae O4EHb BbICOKYIO
CTeneHb M3MEHYMBOCTU. [1pK 3TOM XapakTep
N3MEHEHS Harpy3KM BO BPEMEHW MPUBOAUT K
HEeOOXOANMMOCTI paccMaTpBaTh €€ Kak CyYanHbI
npoLiecc. NpuydmHa aToro 3akno4aeTcs B 60MbLLIOM
KONMMYECTBE MapaMeTPOB, OaHa rpynna KOTOPbIX
onpenenseT 1eO0BbIV PEXXMM B paioHe YCTaHOBKM
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obtained and the possibility of their use in practical design
work.

1 Factors behind the probabilistic nature of an ice load
The ice load on offshore platforms arise when the platform
is affected by moving ice cover, generally of spatially
inhomogeneous nature and consisting of various types of
ice formations (e.g. level ice, rafted ice, ridged ice, icebergs
etc) — the full list can be found in World meteorological
organization’s sea ice nomenclature [1]). Ice breaks as it
advances and comes in contact with the platform and, in
turn, creates pressure on the platform’s hull. Therefore,

the ice load on an offshore platform is governed by two
separate destruction processes — local ones that take place
during ice/platform contact, and the global processes
which complement the destruction of the ice cover or its
individual elements forming part of that cover on the whole
(generally expressed as ice cracking). We should note that
in almost all cases, an iceberg-to-platform collision will
result in the local destruction of ice.

The total ice load on the entire platform (it is often referred
to as global load) is a function of time which can, generally,
vary significantly. Because of this variation, it is important
to examine ice loads as random processes. There are a large
number of parameters to take into account, including those
that determine the ice regime in the area near the platform,
while others do “manage” the interaction of ice cover with the
platform.

Listed below are some of the parameters which determine

the nature of an ice load. These parameters in particular

determine the variability of the ice cover:

» large number of ice formations (first year and multi-year
level ice, ridges, icebergs etc);

» thickness, morphometric composition, spatial boundaries
of ice formations;

» ice drifting at various velocities;

» velocity and temperature during the contact with
the structure;

» frequency of certain ice formations shapes;

These parameters in particular determine the destruction of

the ice cover:

» local ice strength;

» large number of destruction patterns (shearing, crushing,
bending, stability loss, cracking, piling-up and etc.);

» few interaction scenarios (impact, pile-up, freeze-up and etc.).

The above parameters are random values, based either on
observations or mathematical modeling. For many of the
listed parameters, however, the observation ranges are
short, and may contain errors (as compared against “true”
distributions which are apparently, unknown). Moreover,
due to the internal heterogeneous properties of ice, its load,
even for the same formation (e.g. level ice) with spatially
invariable “external” parameters is of course random.
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nnatdopMbl, BKITKOHASA MPOCTPAHCTBEHHYHO 1 BDEMEHHYIO
N3MEHYMBOCTb JIedsiHOMO MOKPOBa, a BTopas “ynpasnaet”
B3aMOOENCTBNEM Pa3NYHBIX NedaHbIX 0Opa30BaHN C
nnartopMOon.

[Nepedrcnnm HEKOTOPbIE 13 MaPaMETPOB,

0BYCNOBNMBAIOLLINX BEPOSATHOCTHBIV XapakTep

N1e0oBOV HArpy3Ku. IsMEHYMBOCTL JIe0AHOM0 NMokpoBa

XapaKTepusyeTcs, B HaCTHOCTU, TakMKM NapamMeTpamu:

» BONbLLON HAboP NeasHbIX 06pa3oBaHNIA (OOHONETHU 1
MHOIMOSIETHUM POBHbIV Nlef, TOPOChI, ancbepru 1 ap.);

» TONLWMHA, MOPJOMETPUNHECKOE CTPOEHNE,
MPOCTPaHCTBEHHbIE PasMepbl NledsHbIX 0OpasoBaHNI;

»  Opend Nbaa ¢ PasnnM4HoON CKOPOCTBIO;

» CKOPOCTb M TeMMeparypa B MOMEHT B3aMOOENCTBUSA C
COOPY>KEHNEM,;

» YacToTa NOSBNEHWSA ONPeAeNeHHbIX NedsHbIX
06pazoBaHWN C Pas3INYHBIMN FTEOMETPUHECKMM
napameTpamMu.

PaapyLueHne negsaHoro MOKpPOBa XapakTepU3yeTcs, B

YaCTHOCTW, TaKUMK NapamMeTpamu:

»  noKanbHasi MPOYHOCTb NbAa;

»  BOMbLLIOE HYMCO MEXaHN3MOB Pa3pyLLEHMS
(cmsaTHe, gpobnerne, n3rmd, NOTEPS YCTONHNBOCTH,
TPELLMHOOBpa3oBaHme, HarpoMoXXaeHe 1 ap.);

» HECKOJbKO CLiEHapVeB B3aMMOOENCTBIS (yaap,
obpazoBaHve HaBana, cMep3aHne 1 ap.).

Bce 13 ykasaHHbIx napamMeTpoB A0/ KHbI TPAKTOBATLCS Kak
CllyHaliHble BENMHVHDI, 3a4aBaeMble COOTBETCTBYOLLMM
BEPOSITHOCTHbIMW paCnpeaeneHnsiMmn, KOTopble MOryT ObiTb
onpeaeneHsl NMOO Ha OCHOBE HAaTYPHbLIX HABMKOAEHNIA,
B0 C MOMOLLBIO (DUSMKO-MaTeMaTnHECKOro
MoaenMpoBaHns. OoHaKO 4719 MHOMMX U3 MePedMCIEHHbIX
napameTpoB PsAbl HAONKOAEHU ABNSOTCS KOPOTKUMMN

1 MOSTOMY CamMu (PYHKLIMN pacnpeneneHns 3afatoTcd C
HEN36EXXHBIMN CNyYanHbIMU OLLIMEKaMM (MO OTHOLLEHWIO

K “UCTUHHBIM” pacrnpefeneHam, KOTopble, O4EBUAHO,
Hen3BeCTHbI). Kpome Toro, BCNneacTeme BHYTPEHHEN
HEOOHOPOOHOCTM CBOMCTB NbAa ClyYalHbll XapakTep
VNMEET 3aB1CUMOCTb Harpy3ku OT BPeMeHW OaxKe )15
OfIHOrO 1 TOrO >Xe NeasHoro 0bpasoBaHus (Hanpumep,
POBHOIO Nbaa), “BHELLHME” MapaMeTPbl KOTOPOro
MPOCTPAHCTBEHHO HEN3MEHHDI.

2 «BepoATHOCTHbIN» U «AeTEPMUHUCTUYECKUI»
MeToAbl NPOeKTUPOBaHUA

Cny4alHbIin xapakTep 1e00BbIX HArpy30K He MpeacTaBnsaeT
COBOW HEHTO YHUKAIBHOE — 3TO CBOMCTBO BCEX HArpy30K,
MopPOXXAaeMbIX MPUPOAHBLIMN (hakTopamm: BOTHOBOW,
BETPOBOW, CHEMOBOW U T.A4. VIHXXeHepbl AaBHO Hay4YMIUCh
paboTaTb CO ChyYalHbIM Harpy3Kammn — Ans Lenem
MPOEKTUPOBaHNS MPUMEHSIKOTCS Tak Ha3blBaeEMbIE
HOPMaTVBHbIE N PaCHETHbIE 3HAYEHWS HArPY30K, TaKXe
Kak 1 HOPMaTWBHbIE 1 pacyeTHble 3Ha4YEeHNS MPOYHOCTA
mMatepuana nn rpyHta. Kak nsBectHo, Kputepum
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2 “Probabilistic” and “deterministic” design method
The random nature of ice loads is nothing new — it is
normal for all loads caused by natural factors such as
wind, wave, snow etc. Engineers have long mastered
random loads: so called representative and design
load values are used for design purposes along with
representative and design values of the strength of
structural material and soil. Design criteria for limit state
methods are generally expressed as

Qds Ry, (1)

where Qg is a design value of the force factor such as force,
bending moment, stress in a given element of the structure
under design (or “action effect” using the new terminology
[2], which is calculated for a given combination of applied
loads;

R, is a design value of bearing capacity for an element,
usually calculated through strength properties of the

soil or a material. (We should note that in regulatory
documentation equations such as (1) are usually seen in
modified form with additional multipliers. This doesn’t affect
subsequent analysis in any meaningful manner, thus for the
purpose of simplicity we shall use this imprecise equation
(1) for the design criteria.

In turn, design values are determined based on
representative values Qg,Ry:

Qa=YrQo Ra=Ro/Ym @)

where yrand yp, are so called partial safety factors (for load
and for material, correspondingly).

We should note that all listed values are deterministic,
thus for conventional design work, the random factor is
effectively excluded: it only appears in the determination
of representative (or, directly design) strength and load
values. From now on, we only discuss action effects and
corresponding loads. The representative value of ice load
on the structure (which is random as we have stated)

is generally accepted at a value with predetermined
recurrence period T. Recurrence period values vary for
different load types. Thus, present day regulatory norms [3],
recommend T = 100 years for principal load combinations
and T ~ 10%...10% years for extraordinary combinations.

Thus, according to its definition, the representative load
value expressed as q,, is determined as a value that can
be exceeded during a given (arbitrary chosen) year with
a probability of a=1/T, which can be expressed in the
following equation:

Pr{Q>q, at least once a year}=a, ©)

where Pr{A} stands for the probability of a random event A.
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Il PA3PABOTKA B APKTUKE

MPOEKTUNPOBAHMS MO METOAY MPeAebHbIX COCTOSIHNIA B
0606LLEHHOM BUOE 3an1CbhIBaOTCS B BUE

Qi< Ry, (1)

roe Qg — pacHeTHOE 3HaYEeHNE CUIIOBOro hakTopa,
HanpumMep, YCUnne, narmbaroLLmii MOMEHT, HanpshKeHne
B paccMaTprBaEeMOM SM1IEMEHTE MPOEKTUPYEMOIO
COOPYXXEeHNS (M «ahdhexkTa BO3OENCTBUS» MO HOBOW
TepMUHONOrUN [2]), KOTOPOE pacCcHNTbIBAETCA NS
3a0aHHOrO COMETaHMS MPUMOXEHHbBIX HArPY30K;

R4 — pacHeTHOe 3Ha4YeHme HeCyLLIEn CNOCOBHOCTY
S/1IEMEHTA, OObIMHO PACCHMTLIBAEMOE HePE3 MPOYHOCTHbIE
XapaKTEPUCTUKM MaTepuana nin rpyHta. (OTMeTnMm, YTo

B HOPMAaTMBHbIX AOKYMEHTaxX COOTHOLLeHNs Tvna (1)
0BObIHHO BCTPEYaOTCH B MOANMDULIMPOBAHHOM BUOE — C
OOMNONHUTENBHBIMW MHOXUTENAMI. [1n9 nocneayoLero
aHanm3a 370 He UMEET MPVHLMMMASTBHOMO 3HAYEHNS,
MOSTOMY HVPKE AN MPOCTOThI Mbl ByIEM NCMONBL30BaTb
0119 KOUTEPUEB MPOEKTUPOBAHNST HE COBCEM TOHHOE
BblpakeHue (1)).

B cBoto o4epeb, pacHeTHbIE 3HAYEHNA ONPEfeNAoTCA Ha
OCHOBE HOPMAaTUBHbIX 3HaqeHU Qg Ry:

Qa=vrQo Ra=Ro/Ym @)

FAE Yf U Ym — TaK Ha3blBaeMble HacTHble KO3PULIMEHTbI
HaEeXXHOCTY (MO Harpy3ke 1 Mo Martepuany,
COOTBETCTBEHHO).

[NoaYepKHEM, YTO BCE YKa3aHHbIE BEMNHMHbBI ABNSKOTCS
OETEPMUHNCTUHECKMI, MOSTOMY MPY TPaONLMOHHOM
MPOEKTUPOBaHUM (PaKTOP CAyHaHOCTH, MO CyTH,
WCKJTKOHEH, a NMPOSIBIAETCA OH MIMLLb B PaMKax npouenypsbl
onpefeneHns HOPMaTUBHBLIX (UK, HAMPAMYIO, PACHETHBLIX)
3HAYEHUIN Harpy30K 1 NPOYHOCTU. [danee 6yaem roBoputb
b 06 adpdhekTax BO3OENCTBIUS U, COOTBETCTBEHHO, O
Harpyskax. B ka4ecTBe HOPMaTUBHOIO 3Ha4YEHVA Harpy3Kn
Ha COOPYXKEHME (KOTopasi, HAMOMHUM, UMEET CyHanHbIN
XapakTep) B 06LLEM Cly4ae MPUHNMAETCA 3HAYEHVE,
VIMetoLLIEe 3afaHHbIM nepurog nosTopsiemocty T. MNepuoa
MOBTOPSIEMOCT MOXKET UMEET pa3Hble 3HaAYEHUSA ANd
pa3HbIX BUOOB Harpy3oK. s ciyHas 1e0oBOv Harpy3Kim
COBPEMEHHbIE HOPMbI, HAMPUMEP [3], PEKOMEHIYIOT
3Hadenre T = 100 net AN OCHOBHBIX COYETaHUIA HArpy30K
1 3HadeHne T ~ 103%...10* neT ans 0cobbiX COHETaHWUNA.

Taknm 0bpasoM, CorflacHO ONpPeaeneHnto, Nog
HOPMAaTVBHbIM 3HAYEHMEM HarpPy3KM MOHUMAaETCA
Takoe 3Ha4eHne, 0603Ha4aEMOE ¢4, KOTOPOE MOXKET
ObITb MPEBbILIEHO B TEHYEHME MPOU3BOSBHOMO (Hayras
BbIOpAHHOMO) roga C BePOSATHOCTHIO a=1/T, HTO MOXHO
3anuncatb B BUAE CledyroLLEro ypaBHEHNS:

Pr{Q>q, xoms 6b1 00uH pa3 8 meveHue 200a}=a, ©)
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Value a is called accumulated probability or occurrence; it
is often expressed as a percentage value. We should note
that @ = 0,01, or 1 %, for recurrence period T = 100 years.
Sometimes condition (3) is better expressed as

Pr{Qmax>qa }=, )
where Qmqx is annual maximum of ice load.

Considering that ice load may occur under the influence

of various ice formations (level ice, rafted ice, ridges,
icebergs etc), thus equations (3) and (4) are normally written
separately for different types of ice formations. That is why a
few representative ice load values are used in design work
corresponding to various design situations — action from
level ice, rifted ice, ridges, icebergs etc.

Now let’s introduce cumulative distribution function for Qnax
value and denote it as Fy (x), so the equation (4) can be
turned into:

Fo (qa)=1-a (5)

On the front, equation (5) seems very simple. A closer look,
however, reveals that finding function Fy (x) is not at all a
trivial task: it depends (and often in a very complicated way)
on distribution functions of all values influencing the load

as well as on geometrical properties of the structure under
design. To illustrate the associated challenges we should
mention that a different approach than equation (4) is used
to determine representative load values for other natural
load types such as wave loads or current loads, specifically:

Q=Q(wyw2 ...), ©6)

where wy,wy, ... is a set of design parameters values for
a design situation, and Q(xz,x2, ...) is the so called load
formula. In cases of wave load for example, the set of
parameters includes wave height of certain occurrence
along with associated period and average wave length
value. In cases of current, governing parameter is the
current velocity of certain occurrence. It could also be
noted that Russian codes up until recent times used a
similar approach for estimating events of level ice impacts;
governing parameters for this are representative ice
thickness (at 1% occurrence) and the design ice strength.
Note that Q(x3,x2, ...) are regular deterministic functions
explicitly stated in corresponding structural codes.

Thus, design value for ice load in case with level ice, uses
the following equation

Qo=mkp ky Rc Dhg, (7)
where hg is the design ice thickness at the platform
location, R, is the design compression resistance (strength)

for ice, D — width of the structure affected by ice, kp, ky

www.rogtecmagazine.com
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Il PA3PABOTKA B APKTUKE

roe Pr{A} o603Ha4aeT BEPOSATHOCTb CTyHaiHOro CObbITSA
A. BennunHy a HasbiBatoT 06ECNEYEHHOCTBIO; HaCToO OHa
BblpakaeTcs B MpoLeHTax. 3ametum, 4o a = 0,01, nm 1 %,
anst nepuoga noetopsiemoct T = 100 neT. Ycnosue (3)
nHoraa ynobHee 3anncbieaTth B BUOE

Pr{Qmax>qa }=a, )

roe Qmax — MaKCUMabHOE 3HaYeHne NefioBON HarpysKn B
TeyeHvie ofHOro rofa.

YuntbiBasi, 4TO NiefoBasi Harpy3ka MOXXET MOPOXKAATbCA
BO3OENCTBMEM NEAsiHbIX 06PA30BaHNIN PA3NNYHOIO BLAA
(pOBHBI Ned, HACNOEHHbIN Nefd, TOPOChkI, ancbepri 1 ap.),
ycnoBus (3) 1 (4) NPUHATO 3anmcbiBaTb MO OTAENBHOCTU
015 NedsiHbIX 06pa30BaHUA pa3Horo Tuna. MNosTomy B
MPOEKTUPOBAHMI UCMOMb3YIOT HECKOSIbKO HOPMAaTUBHbBIX
3HaYeHU NefoBOM HArPy3KkK, COOTHOCS X C Pa3HbIMU
pacHETHbIMU CUTYaLMAMU — BO3OEUCTBUEM POBHOIO Nbaa,
HaCNOEHHOro Nibaa, TOPOCOB, ancbepros 1 ap.

Ecnm Tenepb BBECTU OyHKLMIO pacnpeaeneHs ang
BE/MHMHDI @y Y1 O003HAYNTL €€ F (X), TO ypaBHeHue (4)
MO>KHO NepenmcaTh B BUae

Fo (qa)=1-a ()

BHeluHe ypaBHeHVe (5) BbIMAANT O4EHb MPOCTO.

OpHako npu 6arKanLLeM PacCMOTPEHNUN BbIACHSAETCS,
4TO HaxoxXaeHvie PyHKLMN Fy (x) ABNAETCS OTHIOAb He
TPVBNASBHOW 3aaqer, MOCKOSIbKY OHa 3aBUCUT (HacTo,
BECbMa CMOXKHbIM 06pa3oM) OT OYHKLWIA pacnpeaeneHns
BCEX BENMHMH, KOTOPbIE BAVSIOT Ha HArpy3Ky, a Takke
OT FEOMETPUHECKNX XaPaKTEPUCTUK MPOEKTURYEMOrO
COOPY>KeHUS. YTOBbI MOSICHUTL BO3HUKAKOLLME TRYOHOCTU,
YKaXKeM, YTO B Crlyqae Opyrix Harpy30K NprpoaHoro
XapakTepa, HanpuMep, BOSHOBbLIX UK OT TEYEHWIA,

07159 ONPefeneHns HOPMaTUBHBIX 3HAYEHNIA HArPy30K
NCMOMBb3YETCSt MOAXO, HECKOJIbKO OTNIHAOLLMIACA OT
TOro, KOTOPLIN PeannM3yeTcs NOCPeCTBOM COOTHOLLIEHNS
(4), a IMEHHO, NPUMEHAETCS COOTHOLLIEHVE BOA

Q=Q(wyw2, ...), (©)

roe wizwy, ... — Habop paCHETHbIX 3HAYEHWI NAPaMETPOB,
XapaKTepUsYIOLLMX PaCHETHYIO CUTyaLmio, a Q(x,x2, ...)

— Tak Ha3blBaemMas (hopmyra Harpys3ku. Hanpuwvep, B
Cly4Yae BOSIHOBOW Harpy3kv Habop napameTpoB BKKOHAET
B ceDs BbICOTY BOJSTHbI 334aHHON 06eCneYeHHOCTH, a
TaK>XXe aCCOLMMPOBAaHHbIN MepUOa 1 CpeaHee 3Ha4eHne
OJWHbI BOSHbIL. [ cnyyvas TeHeHnss onpeasnstoLLmm
NapamMeTPOB SBMAETCH CKOPOCTb TEYEHUS 3a0aHHOM
obecnedeHHOCTU. MOXKHO TakxKe 3aMeTUTb, HYTO U Ans
pacHETHOWM CUTyaLM BOSAENCTBMA POBHOMO Nbaa Ao
nocneaHero BpeMeHu 0TeHeCTBEHHbIMN HOPMATUBHbLIMU
[OKYMEHTaMM PErNaMEHTUPOBANCA aHaNOMMYHbI Noaxonq;
npw 3TOM onpeaeAtLLMMM NapamMeTpamMm ABNSNNCH
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and m are some constants that only depend on structure
geometry and hg.

It is crucially important that representative value Qg has no
(at least no explicitly stated) occurrence value assigned (this
is why we use distinctly different symbols for related values
of Qp and q,), while occurrence requirements are applied to
the parameters of “impacting” natural objects: wave height,
current velocity, level ice thickness etc. This approach
makes it possible to make a clear distinction between the
stage of design preparation when design parameters of
“‘impacting” natural objects are defined (this is traditionally
done by specialized engineering research organizations)
and the design stage of a project itself, when the engineer’s
task is to ensure the accuracy of inequalities such as (1)
with consideration of (2) and (7) by proper selection of
suitable structural design and materials.

When we look at a “probabilistic approach to design
work”, illustrated by equation (4), this effectively creates

a catch twenty two situation: the design (development of
construction solutions) can’t be performed until probability
distributions Fy(x) are known for all estimated events,
while these distributions can’t be calculated until structural
design is available. Moreover, this challenge requires the
surveyors to build probability distribution functions for

all variables and factors affecting the loads (a large but
incomplete number of which are listed above), whereas the
conventional approach only envisages the determination

of corresponding representative values at the survey

stage. The former requires a significantly larger volume of
observational data. This raises the following question - in
this catch 22 situation, who is responsible for the adequacy
of required probability distributions which must be known
even to their tail values, including those for a reaching
10%...10%, and even up to 107

The RF Government is active in updating its regulatory
construction framework, including that for the design of
offshore oil and gas facilities. With that, new or updated
regulatory documents enforce the probabilistic approach for
design criteria as in equation (4) (see e.g. [4]). Unfortunately,
the authors of these documents fail to consider that

the probabilistic design approach requires a) enormous
volumes of initial data (unobtainable through conventional
engineering research; especially considering that regulatory
norms for design engineering surveys do not include any
such new “probabilistic” requirements) and b) subsequent
laborious work on constructing probabilistic load
distribution functions Fy (x). This makes it hard to expect
actual adherence to the requirements of probabilistic criteria
such as (4) in design of offshore platforms. There is the
hazard that even if these are performed practically, it would
only be formal: using some surrogate distributions Fy (x),
the reliability of which is next to impossible to substantiate.
This, in turn, may negatively impact the reliability of the
designed facility.
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Il PA3PABOTKA B APKTUKE

pacyeTHas TonwmHa nbaa (1% Ho 0beCcnedHeHHOCTN)

1 pacHeTHOE 3HaqeHre npegena NpoYHOCTU Nbaa.
3ameTuM, 4TO DYHKUMN Q(X1,X2, ...) ABNAIOTCHA OObIHHBIMM
OETEPMUHNUCTUHECKMU (DYHKUMAMU, B SIBHOM BUE
NPVBOAMMbIE B COOTBETCTBYIOLLIX HOPMATVBHBLIX
LOoKymeHTax. CkakeM, 019 Cry4qas POBHOMO Nbaa
COOTHOLLIEHVE (6) 415 HOPMATUBHOW Harpy3Ku
3an1CbIBaETCS B BULE

Qo=mkyp, ky R: Dhg, (7)

rae hg — pacHeTHas TosLmHA NbAAa B TOYKE YCTaHOBKMN
nIaTtopMbl, R, — pacyeTHOe 3Ha4eHVe npedesna
MPOYHOCTW NbJa MpW CxXatun, D — LLUIMPUHA COOPY>KEHVS,
Ha KOTOpOe BO3AENCTBYET Neq, a Ky, Ky 1 m — HEKOTOPbIE
KOHCTaHTbI, 3aBUCHLLME JINLLb OT FEOMETPUM COOPY>KEHVIA
1 OT hg.

[MPUHUMAMABHO BaXKHO, YTO HOPMAaTVBHOMY 3HAYEHWIO
Harpyskun Qg He NPUMMCLIBAETCS (MO KpanHen Mepe,

B ABHOM BUE) HUKAKOrO 3Ha4YeHNs1 0BeCneHeHHOCTI
(MO 3TOM MPUHMHE Mbl UCMIONB3YEM OBA Pa3INYHbIX
0b03Ha4eHNst 419 POACTBEHHBIX BENNYUH Qg U q4),

a TpeboBaHNs Mo 06eCneHeHHOCTU MPUMEHSAOTCA K
XapaKTEPUCTVKaM «BOSAENCTBYHOLLErO» MPUPOAHOMO
obbeKTa: BbICOTE BOJIHbI, CKOPOCTU TEHEHWA, TOMLLNHE
POBHOIO NbAa. B Takon cutyaumm okasblBaeTcs
BO3MOXHbIM YCTaHOBUTb YETKMA BOLOPA3aEN

MeXOy STarnoM NMOArOTOBKM MCXOLHBIX AaHHbIX A5
MPOEKTUPOBaHKS, B XOAE KOTOPOro ONpeaenstoTcs
pacyeTHblE XapaKTEPUCTUKN «BO3OENCTBYOLLINX>
MPVPOOHBLIX 06 BEKTOB (TPAANLMOHHO, 3TO 3ajada
cneLvan3npoBaHHbIX OpraHN3aLi, BbINOSHAKOLLMX
VNHXXEHEPHbIE N3bICKaHKs), 1 3TanomM COBCTBEHHO
MPOEKTUPOBaHUS, IOe 3a4aden MPOEKTUPOBLLVKA
ABNSIETCH 06eCNEYNTL 3a CHET BbIOOPAa KOHCTPYKTUBHOM
CXeMbl 1 MaTepVasioB BbINONHEHE HepaBeHCTB Tvna (1) ¢
yyeTom (2) n (7).

B cnyyae »xe Tak Ha3blBaeMoro «BepPOSITHOCTHOIO
NMoaxXOAa K MPOEKTUPOBAHNID», BbIPaXKAEMOrO YCOBUEM
(4), BO3HMKAET, BOOOLLE FOBOPSI, MOPOHHbBIV KPYT:
MPOEKTUPOBaHVE (Pa3pPaboTKy KOHCTPYKTUBHbBIX PELLIEHII)
HEBO3MOXHO Ha4aTb, MOKAa HEM3BECTHbI BEPOATHOCTHbIE
pacnpeaeneHns Fo(x) Ans Bcex pacqeTHbIX CLeHapres,
a paccHMTaTh yKadaHHbIE pacnpeneneHs B CBOO
odepeb HenMb34, NokKa HET KOHCTPYKTUBHOWM CXEMbI.
Bonee Toro, B aTon cutyaumm Nepes, Na3bickarensamm
OOIMKHA CTaBUTLCA 3afaqa NOCTPOEHNST BEPOSATHOCTHBIX
yHKLMIA pacnpefeners ons BCex BENHMH U
hakTopOoB, BAMSAIOLLMX Ha HArpy3KK (OBLUMPHBIN, XOTS

1 He MOJHbIA, CMINCOK TaKoBbIX OblNT MPUBEAEH BbILLE),

B TO BPEMSI Kak Mpuv TPaaULIMOHHOM NOOXOAE Ha

CTaaun U3bICKaHU OnpeaenstoTCsa MNLLb HOPMaTVBHbIE
3Ha4eHNsi COOTBETCTBYIOLLMX BeN4MH. [epBoe TpebyeT
3HaYUTENBHO BOMbLLErO 0ObeMa HATYPHbIX AAHHbIX.
BosHukaeT BONpoc, KTO B 3TOW 3aKOMbLIOBAHHOM
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3 Requirements for iceberg impact design load

The assertions above are not to say that probabilistic
methods have no place in design work: they are only to
state the necessity a clear understanding of which issues
can better be resolved by applying probability theory for
developing specific design solutions.

One such issue is the assessment of iceberg hazards
for platforms located in offshore areas where icebergs
drifts are probable. For the purposes of design, iceberg
to platform collision should be considered as a special
load. Below we list the examples of constructing a
probabilistic model which enables us to form “a hazard”
and the estimation of corresponding quantitative
indicators. Some studies on this matter use the term
“risk”. Formally, it includes assessment of unfavorable
consequences along with determination of probability
for unfavorable events. Because this paper does not
describe the consequences of a possible iceberg
collision, we shall not use the term “risk”.

Some iceberg hazard parameters are:

» probability of iceberg to platform collision during a one
year period;

» probability of collision during one a year period for
an iceberg with dimensions and mass exceeding an
established value;

» probability of collision during a one year period for an
iceberg with kinetic energy value above the established;

» probability of collision for an iceberg approaching the
platform from distance L;

» probability of collision during one year period with global
load on the platform below the established value and etc.

We should note that the probability of an iceberg
collision (to be more precise, the assessment of
probability calculated based on available statistical data
using one or another probability model) can’t by itself
be considered as a comprehensive data set required

to complete a platform design. Actually, if only small
icebergs or their bergy bits reach the offshore field, then
the corresponding design situation apparently won'’t

be crucial for the design, while should there exist a
probability of an even rare occurrence of large iceberg
collisions, it has to be taken into account. Thus, one of
possible formalization options envisages the requirement
of calculating such parameters is the probability for the
platform with known shape and size to be impacted by
an iceberg with kinetic energy above an established
value for a given time period [5].

The general design criteria require the platform to
maintaining its bearing capacity under the influence of
certain design loads. Let us examine this issue in relation
to the load on a possible iceberg to platform collision. The
first thing to mention is that an estimated iceberg collision is
rare [6]. This means that the actual structure built to serve

www.rogtecmagazine.com
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Il PA3PABOTKA B APKTUKE

CXEMe OTBEYa€eT 3a IOCTOBEPHOCTb HEODXOANMbIX
BEPOSATHOCTHbIX PaCNpPeneneHnin, KOTopble, K TOMY Xe,
TpebyeTca 3HaTb B 00NaCTU «XBOCTOB» BEPOSTHOCTHbIX
pacnpeneneHni, B TOM YMCne NMpu 3Ha4eHsIX a nopsiaka
108...10% aTOo N 1097

B HacTosiLee Bpemsa B Poccuiickon ®epepaumn aktuBHO
MOET MPOLECC MO OBHOBEHMIO HOPMaTVBHOM Hasbl B
CTPOUTENBCTBE, B TOM HYUCHE, A1 MPOEKTUPOBAHNS
MOPCKMX HEITEra30MpPOMbICIIOBbLIX OOBEKTOB. [1pn 3TOM B
HOBbIX, UM aKTyaJIN3MPOBaHHbIX, BEPCUSIX HOPMAaTUBHBIX
[OOKYMEHTOB 3aKpEnJIAETCs «BePOATHOCTHASA»
opMyNMPOBKa KPUTEPVEB MPOEKTUPOBaHNSA — B (hopMe
(4) (c™m. Hanmpumep, [4]). K coxaneHnto, paspadboTimKin
3TVIX AOKYMEHTOB abCOMOTHO HE MPUHUMAIOT BO
BHVMaHWE, YTO ANSI BbINOSHEHNS «BEPOATHOCTHOMO»
MPOEKTUPOBaHWA TPEBYETCS a) KOMocCanbHbI OObEM
MNCXOAHBIX AaHHbIX (KOTOPbI HEBO3MOXHO MOJTY{ Tb B
pamMKax TPaaMLIMOHHBLIX MHXXEHEPHBIX U3bICKaHWUM; K TOMY
XKE, B JOKYMEHTAX, PErNaMeEHTUPYIOLLMX NHXEHEPHbIE
N3bICKaHWS A1 MPOEKTUPOBAHMS, HUKaKMX HOBbIX
«BEPOATHOCTHbIX» TPEOOBAHUI He obaBNAeTCs) 1 6)
rnocneayoLLas o4eHb Tpyaoemkas paboTa rno NOCTPOEHNIO
BEPOSATHOCTHbBIX (DYHKLMIA pacrnpenesieHs Harpy30oK

Fg (x). MNosToMy TpyAHO OXXMaaTh, HTO TPeOoBaHMs 00
YOOBNETBOPEHMN BEPOATHOCTHBIX KpUTepues Tuna (4)
npu paspaboTke NPOEKTOB MOPCKMX MIaTdopM peasibHO
BbINOSHMMbI. CyLIECTBYET OMACHOCTb, YTO EC/IN OHU U
OyayT NCNONMHATBLCS Ha MPaKTUKe, TO b opMasibHO —
C VICMOSb30BaHNEM HEKMX CYPPOraTHbIX PacnpeneneHnn
Fg (x), HAOEXHOCTb KOTOPbIX MPaKTUHECKM HEBO3MOXHO
060CHOBaTb. 3TO B CBOKO O4eEpEeb MOXKET HEMATUBHO
CKa3aTbCA Ha YPOBHE HAOEXHOCTY 3arpOeKTUPOBaHHOIO
COOPYXKEHUSI.

3 TpeboBaHUA K pacHeTHOM Harpy3kKe oT
BO3pgeicTBUA ancbepra

Cka3aHHOE BblLLIE OTHIOAb HE O3HAYaET, YTO
BEPOSATHOCTHBLIM MOAXOAAaM HE MECTO B MPOEKTNPOBaHN.
Peyb naeT TONbKO O TOM, YTO HEOBXOANMO SICHO
npencTaBfiATb, NP pPelleHnn Kakx 3aga4d annapar
TEOPUM BEPOATHOCTEN CNOCOBEH OKa3aThb peasibHyHO
nomMoLb ansd 060CHOBaHWS TEX UMW NHbIX MPOEKTHbIX
peLLEeHNI.

OOHOWM 13 Taknx 3a4a4 SBNSETCS OLEHKa ancheproBom
onacHOCTW A5 NNaThopM, PasMeLLaeMbIX Ha akBaTOPUSIX,
rAe BO3MOXXHO MosiBfieHne ancteproB. C TOYKN 3peHVs
MPOEKTUPOBaHNA CTOSIKHOBEHWE ancbepra ¢ NnatopMOn
OOMKHO paccMaTpuBaTbCa Kak ocobas Harpyska. Hike
OyoyT NpviBeaeHb! NPUMEPb! MOCTPOEHWA BEPOATHOCTHOM
MOLENN, B PaMKax KOTOPOW yaaeTcst (popManmn3oBaTb
MOHATME «OMAaCHOCTb» U PACCHUTBIBATb COOTBETCTBYIOLLIVE
KONMMYECTBEHHbIE MOKasaTenu. VIHoraa B ccneaoBaHmsx
Mo JaHHOM TeMaTWKe MCMOoSb3yeTCA TEPMUH «PUCK>.
dopmMasbHO OH MOApPa3yMeBaET OnpeaesieHne He

TONBKO BEPOATHOCTEN HeXKeNaTeNbHbIX COBbITUM, HO U
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for a period of 25-50 years (in most cases) will almost never
experience an iceberg collision. Still, the collision probability
does not equal zero. To this extent, one known “onshore”
analogue is the seismic load.

“Probabilistic” design corresponds to the latter of the listed
iceberg hazard factors. The resulting load for an iceberg to
platform collision will significantly depend on the local shape
of the iceberg surface coming into contact with the
platform hull.

Resolving the task of calculating estimated load q,,,,,, from
an iceberg collision (at a~10*...10%) includes a number

of interrelated factors. The necessary input data can

provisionally be divided in 3 large units.

Unit [1: statistical data on iceberg observations, their
shapes and sizes near the platform location. With that,
due to the rare occurrence of such events, statistically
solid data would require very long observation data sets;
it is apparent that a standard 5-year survey cycle by itself
won’t provide the required volumes of information, and
therefore archive data analysis is required. For example,
corresponding databases were created in Canada for
the Grand Banks of Newfoundland and in Russia for the
Barents Sea ([7,8]).
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Il PA3PABOTKA B APKTUKE

OLIEeHKY HEBNAronpPUATHBLIX MOCNEACTBUN. [TOCKONbKY B
JaHHOM paboTe BOMPOC O MOCNeACTBMAX BO3MOXKHOIO
CTOJIKHOBEHWS C ancOeproM He 3aTparmBatoTcs, TO TEPMUH
«PUCK» Mbl He ByAEM MCMOL30BaTb.

XapakTepucTukamm ancbeprosor OnacHOCTU MOMyT

CIY>XKUTb:

» BEPOATHOCTb CTOIKHOBEHWS NaTdopMbl C ancbeprom
B TEYEHWE O[IHOrO rofa;

» BEPOATHOCTb CTOSIKHOBEHWMS B TEHEHME roja ¢
ancbeprom, NMetoLLIM pa3mep(bl) Unn maccy He
MeHbLLIE 3a[1aHHOMO 3HAYEHUS;

» BEPOATHOCTb CTOJIKHOBEHWS B TEHEHME roja ¢
ancbepromM, MMEOLLIIM KMHETUHECKYHO SHEPTUIO HE
HKE 3a0aHHON;

» BEPOATHOCTb 4519 ancbepra, NogoLleauero
K nnatdopme Ha paccTosaHne L, CTONKHYTLCS C
nnargopmon;

» BEPOATHOCTb CTOSIKHOBEHNS C alncOeproM B TEHEHME
roga, Npu KOTOPOM rnodanbHast Harpy3ka Ha
nnatopmMy ByaeT He HKE 3adaHHOM, 1 ap.

3amMeTVM, YTO BEPOSATHOCTL CTONIKHOBEHWS C ancbepromM
(Bonee TOYHO, OLEHKA BEPOATHOCTW, paccHUTaHHas Ha
OCHOBE [OCTYMHOW CTaTUCTUHECKON MH(POpMAaLIN C
MOMOLLIbIO TOV WV MHOW BEPOSATHOCTHOW MOLENN) cama
no cebe He MOXET MPEeaOCTaBUTb MCHEPMbIBAKOLLYHO
NHopMaUMIO A1 BbINOSIHEHNSI MPOEKTa MOPCKOW
nNaToOPMbI.

LenctButensHo, ecnv B panoHe MOPCKOro
MECTOPOXXAEHNSA BOSMOXKHO MOSIBIEHNE NNLLb
HebobLUMX ancbeproB (Mnm nx 06JI0MKOB), TO
COOTBETCTBYIOLIAS pacHeTHasa CcuTyaumsi, BUOUMO, He
OyOeT onpenenstoLLen ansa NPoexkTUpoBaHna. Ecnuv xe
NMEIOTCA OCHOBaHUA OXNOATb, XOTb U HE O4€Hb HacTo,
nosiBNeHVe KPynHbIX ancbepros, TO aTa pacyeTHas
cuTyaumsa ooskHa obitb yuteHa. OavH 13 BO3MOXHbIX
BapVaHTOB (hopManmMaaLmmn BblpaxkaeTcsl, Hanpumep, B
TpeboBaHMM paccymUTaThb TaKyto XapakKTEPUCTUKY, Kak
BEPOSTHOCTb CTONIKHOBEHMS NNATPOPMbI C U3BECTHLIMM
reoOMETPUHECKUMN pa3Mepamm B TEHEHUE 3a0aHHOIO
nepropa BPEMEHN C ancbeproM, KUHETUYECKAS SHEPT S
KOTOPOIro UMEET 3HAYEHME HE HUXKE 3aaHHON
BEMYNHBI [5].

YHVBepCabHbIM KPUTEPUEM MPOEKTMPOBAHNS

SBNSIETCSH COBOKYMHOCTb TPEOOBAHWIA O COXPaHEHNM
NPOEKTUPYEMbBIM COOPY>KEHMEM HECYLLIEN CMOCOBHOCTA
MW BO3OEMCTBUM pacHeTHbIX Harpy3oK. PaccMoTpum
3TOT BOMPOC MPUMEHUTENBHO K Harpy3Kke, NMopoxxaaemMon
BO3MOXHbIM CTONIKHOBEHMEM C arcbeprom. Cpaay
HEoOX0MMO OTMETUTL, HYTO pacyeTHas CUTyaLs,
COOTBETCTBYHOLLAsS CTONKHOBEHMIO C ancheprom,
OTHOCUTCS K TaK HadblBaeMbIM PEAKUM COBbITUSIM [6]. 3TO
03HaYageT, YTO peasibHOe COOPYXKEHME, BKCMyaTaLOHHbIN
CPOK CNy>Obl KOTOPOro B 60MbLUNMHCTBE Cly4aeB
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Unit 12: The physical and mechanical model of an iceberg
to platform collision, which includes ice destruction
patterns near the impact area and describes an
iceberg’s dynamic behavior during the collision. A
number of such models was developed (see e.g.
[9-11]). However, a few problems remain somewhat
unresolved. In particular, there are challenges related
to modeling the dependency of the collision area
based on the penetration depth of the collision,
which largely determines the intensity of the impact
to the platform (an example of resolving such task
can be found in [12]), along with consideration of
hydrodynamic effects occurring when two massive
bodies (iceberg and platform) come close to each
other.

Unit 13: iceberg drift model (e.g. rectilinear or chaotic) near
the platform location. Main “moving” factors are near-
surface currents, winds and, possibly, ice cover. Because
the iceberg trajectory observations data are insufficient to
obtain reliable statistical conclusions on spatial and time
parameters of iceberg trajectories, developing adequate
and efficient “atmosphere-ice-ocean” models would assist
in finding a solution for this task.

In general cases, the equation required to find design value
4,1, With consideration of (6) can be expanded to

Pr{maxQ (w?)>qq }=a, )

where w”= (w @, w V) is the aggregate of all random
parameters influencing the ice load (for an iceberg, that
would be its velocity at collision, its mass and inertia
moments ice strength and surface shape at the zone of
contact and etc. — these parameters appear in units 11 and
12); i=1,..., N are all iceberg interactions on a platform
during one year period (usually N being the number of
collisions is random and the case of N = O is not excluded;
pertaining to unit 13), and

Q=0Q(w) ©)

is the iceberg load formula used to calculate maximum load
for a specific single collision event with prescribed values of
random parameters w (unit 12).

Various approaches can be used to model iceberg
hazards [3, 5,12-16]. Most of these use the Monte

Carlo statistical method. Below is a modification of

an approach developed by the pioneering works of
Canadian specialists [5,6], which make it possible to
obtain estimated correlations in any analytical form.
Another example of implementing a modified approach
for a population of ice flows affecting the platform can be
found in article [17].

End of Part 1
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Il PA3PABOTKA B APKTUKE

coctasngeT 25-50 NeT, NpakTUYECKN HaBEPHSAKA HI pagy
He ByOeT NodBepPrHyTO BO3AECTBUIO ancbepra. TeM He
MeHee, BEPOATHOCTb CTOIKHOBEHWS OT/INYHA OT Hy 4.

B 5TOM CMbICNE, N3BECTHBIM “CyXOMyTHBIM” aHaIorom
CIY>KUT CENCMMYECKas Harpy3Ka.

OTMETUM, YTO «BEPOATHOCTHOMY» MPOEKTUPOBaHNIO
OoTBeYaeT nocneaHsast hopMympoBka 13
BbILLENPUBEAEHHOIO MNEPEYHSI, OMMChIBAOLLIErO
BO3MO>KHble MoKagaTenu ancbeproBon ONacHOCTU.
PeaynbTupytolLias Harpyaka npy KOHTakTHOM
B3aMOeNCTBUN ancbepra ¢ NnathopMol
CYLLIECTBEHHbIM 0DOPa30oM 3aBUCUT OT OCOBEHHOCTEWN
hopmMbl TOKaNbHOro y4acTka NOBEPXHOCTU ancbepra,
HenocpeaCTBEHHO BCTYMAIOLLErO B KOHTAKT C KOPMYCOM
nnaTtopmsbl.

3afada HaxoXOeHNst PAaCHETHOM Harpyskm q, OT
BO3aencTeus ancbepra (Mpu a~10+4...10°) obbegnHaeT
B cebe HECKONMbKO B3aMMOCBSA3aHHbIX acneKToB.
Heobxoammas “BxogHasn” MHhopMaLms YCIOBHO MOXKET
ObITb NOApa3aeneHa Ha 3 KpynHbix 610Ka.

Bnok [1: cTtatncTnyeckre gaHHbIe O NOSABNEHNN
ancbepros B panioHe pa3MeLLeHNsa NNaTdopmbl 1 06
1X pasmMepax n gpopme. [Npn aToM, B CUNy PELKON
MOBTOPSIEMOCTY COOTBETCTBYIOLLMX COObITUM, AN
MoNyYeHUs AaHHbIX C JOCTATOYHOW CTEMNEHbIO
CTaTUCTUHECKOM AOCTOBEPHOCTU TPEDYIOTCH OYEHb
ONNHHbIE pPsiabl HABAKOEHNI; OYEBNOHO, CTaHOAPTHbLIN
5-NeTHUN UMK N3biCKaTeNbCKNX paboT cam no cebe
HE B COCTOSAHUM 06eCcneYdnTb He0OXOONMbI 0O bEM
OaHHbIX — TPebyeTcs aHanM3 apXmBHbIX AaHHbBIX.
CooTBeTCcTBYOLIME Badbl AaHHbIX CO3AaHbIl, HAaNPUMEP,
B KaHage ong panioHa bonbLuon HetodayHa1eHCKO
6aHkn 1 B Poccum ansa BapeHuesa mops ([7,8]).

brok 12: dnamko-mexaHmdeckas moaenb
B3aMMOencTBus ancbepra ¢ nnaropmon, KotTopas
BKJ/TIOYaET B CEOS MEXaHN3MbI paspyLLUEHNS Nbaa B
30HE KOHTaKTa 1 onmMcaHve QUHaMU4eCcKoro noBeneHvs
ancbepra B npoLecce KoHTakTa. bbin pagpaboTaH

psO Modenen Takoro poga (cMm., Hanpumep [9-11]).

TeM He MeHee, CyLLIECTBYET HECKOJIbKO He 0 KOHLAa
peLUeHHbIX Npobaem. B 4acTHOCTW, TPYAHOCTH
BO3HUKAKOT NpW NOCTPOEHUM 3aBUCMMOCTY NoLaam
KOHTaKTa OT rybuHbl BHEAPEHWSA MpW HaBane ancbepra
Ha nnartopMy, KOTOPON BO MHOIOM OnpenenseT
VHTEHCMBHOCTb BO3OENCTBMS Ha nnatopmy

(MpMep Noaxoda K pacCMOTPEHMIO 3TOM 3ada4qm
MO>XKHO HanTu B [12]), a Takxke, Hanpumep, nNpu y4eTe
FMAPOAVHAMUYECKNX SPIEKTOB, BOSHUKAIOLLX

npwv CONMXXEHNM OBYX MaCCUBHbIX TEN — ancbepra u
nnatopmbl.

Brok 13: mogenb apenda ancbepros (Hanpumep,
MPSMOSNIMHENHOE UMW XaOTUYHOE) B pafioHe, raoe
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HaxoguTca nnatgopma. OCHOBHbIMU “OBVXKYLIMKA”
hakTopamm SBAAOTCHA MPUNOBEPXHOCTHBIE TEHEHNS

N BETEP, a TaKXKE, BO3MOXKHO, NeAsiHON MOKPOB.
[MoCKONbKY AaHHbIX O HEMOCPEACTBEHHbIX HAOMOAEHNSX
TPaeKToOpU ABWKEHNSA OTOENbHbIX acbepros

OBbIYHO HEAOCTATOYHO A5 MONYYEHUST HAOEXHbIX
CTaTUCTUHECKNX BbIBOLOB O MPOCTPAHCTBEHHO-
BPEMEHHbIX MapameTpax TPaeKTopun ancbepros, TO
paspaboTka afekBaTHbIX 1 SMEKTUBHBIX MOAENEN TUNa
“aTMocdepa-nen-okeaH” Morna 6bl MOMOYb B PeLLEHUN
3TOW 3agadn.

B 0bLem crnydae onpenenstoLLlee ypaBHeEHVE As
HaXOX[EHVIst PACHETHOrO 3Ha4eHMe g, C y4eTOM (6) MOXeT
ObITb 3anMcaHo B BMOE

PrimaxQ (w?)>qq }=a, ®)

rae o= (w,”, w,) — COBOKYMHOCTb BCEX CllyHaHbIX
napameTpOoB, BISAIOLLMX Ha NEAOBYIO HArPY3KY (s
ancbepra 370 ero CKOpPOCTb B MOMEHT COyAapeHns,
Macca 1 MOMEHTbI MHEPLMM, MPOYHOCTB Jibda 1 hopma
MOBEPXHOCTU B 30HE KOHTaKTa 1 [p. — 3TN NapameTpbl
nosiBnsAtoTCsA B 6510Kkax 11 n 12);i = 1,..., N — Bce chnydam
BO3OENCTBUS ancbepra Ha nnatdopmy B TeHeHNe roga
(06b14HO N — 4MCNO coyaapeHni — ABNSIETCS CyYanHbIM,
npw 3ToM He ncktodaeTea cnydam N = 0; OTHOCUTCS K
onoky 13), a

Q=0Q(w) ©

— (hopmyna Harpy3kun ang caydasi ancbepra, No KOTOPOMY
BbIYMCIIAETCA MaKCMasbHas Harpy3ka, BOSHUKaKoLLas

B OOHOM OTAENbHO B3ATOM COObITUN B3aUMOLENCTBISA
nnatdopMbl C ancbepromM Npu AETEPMUHUPOBAHHBIX
3HaYeHNsIX CryHarHbIX NapamMeTpoB @ (60K 12).

[ns MogenmpoBaHus ancbeproBor ONacHOCTU MOTyT
ObITb MPUMEHEHbI Pa3nnyHble Noaxodpl [3, 5,12-

16]. B 60MbLUMHCTBE 13 HX MPUMEHSAETCHA METO,
CTaTUCTUHECKOro MoaenmpoBaHnsa MoHTe-Kapno. Huke
onMcbiBaeTCa MoandmKaLms Moaxoaa, paspaboTaHHOro
B MMOHEPCKNX paboTax KaHaACKMX CreumanmcToB

[6,6] , pamkax KOTOpOW yaaeTcsa Nony4aTtb pacHeTHble
COOTHOLLIEHNS B aHanMTU4eCKon chopme. Lpyron
npUMep peannsaumn MoanULMPOBaHHONO NoAxoaa
MPUMEHNTESNBHO K COBOKYMHOCTU NeAsaHbIX NOMewn,
BO3AENCTBYIOLLMX Ha nnatdopMmy, npmBeneH B paboTe [17].
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