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RULES FOR THE CLASSIFICATION, CONSTRUCTION
AND EQUIPMENT OF MOBILE OFFSHORE DRILLING UNITS
AND FIXED OFFSHORE PLATFORMS

Rules for the Classification, Construction and Equipment of Mobile Offshore Drilling
Units (MODU) and Fixed Offshore Platforms of (FOP) of Russian Maritime Register of
Shipping (RS, the Register) have been approved in accordance with the established approval
procedure and come into force on 1 July 2022.

The present edition of the Rules is based on the 2018 edition taking into account
the amendments and additions developed before publication.

The Rules set down specific requirements for MODU and FOP, consider the recommendations
of the Code for the Construction and Equipment of Mobile Offshore Dirilling Units (MODU Code), as
adopted by the IMO Assembly on 2 December 2009 (IMO resolution A.1023(26)).

The procedural requirements, unified requirements, unified interpretations
and recommendations of the International Association of Classification Societies (IACS)
and the relevant resolutions of the International Maritime Organization (IMO) have been taken
into consideration.

The Rules are published in the following parts:

Part | "Classification";

Part Il "Hull";

Part Il "Equipment, Arrangements and Outfit of MODU/FOP";

Part IV "Stability";

Part V "Subdivision";

Part VI "Fire Protection”;

Part VII "Machinery Installations and Machinery";

Part VIII "Systems and Piping";

Part IX "Boilers, Heat Exchangers and Pressure Vessels";

Part X "Electrical Equipment"

Part XI "Refrigerating Plants";

Part XII "Materials";

Part XIII "Welding";

Part XIV "Automation";

Part XV "MODU and FOP Safety Assessment";

Part XVI "Signal Means";

Part XVII "Life-Saving Appliances";

Part XVIII "Radio Equipment";

Part XIX "Navigational Equipment";

Part XX "Equipment for Prevention of Pollution”.

These Rules supplement the Rules for the Classification and Construction of Sea-Going
Ships and the Rules for the Equipment of Sea-Going Ships.

E Russian Maritime Register of Shipping, 2022
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REVISION HISTORY
(purely editorial amendments are not included in the Revision History)

For this version, there are no amendments to be included in the Revision History.
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1 GENERAL

1.1 APPLICATION

111 The requirements of this Part of the Rules for the Classification, Construction
and Equipment of Mobile Offshore Drilling Units (MODU) and Fixed Offshore Platforms (FOP)*
apply to the following:

.1  steel self-propelled and non-self-propelled MODUs which types are defined
under 1.2 of Part | "Classification" of the MODU/FOP Rules;

.2  tension leg platforms (TLP) which types are specified in 1.2 of Part | "Classification"
of the MODU/FOP Rules. The TLP hull is supposed to be made of steel, and be provided with
the steel concrete ice belt for ice resistant TLP; tension legs shall be made of steel, foundation
may be made of steel, concrete/reinforced concrete or composite;

.3  steel, concrete and composite FOPs including ice-resistant ones which are held to
the bottom by gravity, with piles or be a combination of both, and whose types are defined
under 1.2 of Part | "Classification" of the MODU/FOP Rules.

1.1.2 This Part contains provisions aimed at ensuring the strength of MODU/FOP hull
elements. If alternative approaches to strength analysis are used, they shall be agreed with
the Register. The safety level ensured for the structure shall be at least the same as stipulated
in the MODU/FOP Rules.

1 Hereinafter referred to as "the MODU/FOP Rules".
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1.2 DEFINITIONS AND EXPLANATIONS

121 Definitions and explanations pertinent to the general terminology of
the MODU/FOP Rules shall be found in the General Regulations for the Classification and
Other Activity, in the Rules for the Classification and Construction of Sea-Going Ships! and in
Part | "Classification" of the MODU/FOP Rules.

1.2.2 For the purpose of this Part, the following definitions have been adopted.

Topside is the upper section of a MODU/ FOP designed to accommodate equipment
and attendants, and not involved in the overall hull strength ensurance.

Ground foundation (anchor) is an underwater TLP element fixed at the seabed.

Structural elements are sections of shell and plating, built-up girders manufactured
by welding and rolling, components of shell and plating with adjacent frames, etc.

MODU/FOP hullis an aggregate of structural elements of a MODU/FOP which shall
take up all the total and local, constant and alternating loads. Where a MODU/FOP hull is
composed of independent (but in all cases interconnected) elements, such as legs and stability
columns, underwater stability block, pontoons, braces, upper hull (upper bearing structure),
the term "hull structure” can be used with respect to these.

Tension leg is a system of elements connecting hull and subsea foundation aimed
at TLP mooring.

Raiser is a system of piping and equipment aimed at connecting a borehole with
the platform and supplying the platform with the extracted product.

1 Hereinafter referred to as "the Rules for the Classification".
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1.3 SCOPE OF TECHNICAL SUPERVISION

131 The hull (hull structures) of MODU/FOP are covered by the requirements of
the General Regulations for the Classification and Other Activity and of the Rules for
the Classification.

1.3.2 The following structures of MODU/FOP (depending on the type of technical
construction) are subject to technical supervision during manufacture:

shell plating and framing of legs and stability columns, pontoons, underwater stability block,
braces, upper hull, upper bearing structure, etc.;

watertight bulkheads and tanks;

decks and platforms;

helidecks;

superstructures and deckhouses;

jack houses;

coamings, companions and other guards of openings in MODU/FOP hull;

foundations of main and auxiliary machinery including those of other items subject to
technical supervision;

substructure of drilling derrick.

1.3.3 Prior to manufacture of the structures listed in 1.3.2 of this Part, hull
documentation shall be submitted to the Register for review in the scope stipulated in 4.1.3 of
Part | "Classification" of the MODU/FOP Rules. Besides, the following documents shall be
submitted:

.1 basic data, i.e. comprehensive data on ambient conditions (wind, sea, tide, ice,
seabed, seismicity, temperature) in the area of MODU/FOP operation that comply with
the requirements of 2.2.

Data may be used, as contained in Appendix 1, as well as other data on ambient
conditions, provided these are agreed with the Register in advance;

.2 operating mode description, i.e. the volume of data on the operating modes of
a MODU/FOP, as stipulated in 2.3. Additional operating modes may be reviewed which agree
with the features of the MODU/FOP in question;

.3 strength calculations to the minimal extent necessary for the hull strength
confirmation on the basis of criteria adopted for the modes of MODU/ FOP operation that may
bring about a critical state of the structure. The methods of calculation shall be agreed with
the Register;

.4 MODU/FOP operating manual including the following:

brief description of the unit;

list of operating modes;

permissible values of parameters essential for the MODU/FOP safety in a particular
operating mode;

loading conditions of a MODU/FOP in each operating mode;

instructions for the crew on the MODU/FOP maintenance in each operating mode;

instructions on the safe operation techniques of a MODU/FOP;

drawings with indication of the grades and strength of steels used for MODU/FOP
structures, list of permissible welding procedures and welding consumables. Where necessary,
additional instructions on welding consumables and welding may be given which may include
possible restrictions and conditions for repair or conversion.
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1.4 STRUCTURAL ELEMENTS

1.4.1 The structural elements of MODU/FOP shall be classified into special, primary
and secondary elements proceeding from stress levels and the effect their eventual damage
may have upon the strength and serviceability of the technical construction.

1.4.1.1 Special structural elements are those portions of primary structural
elements which are in way of critical load transfer points, stress concentrations, etc.

1.4.12 Primary structural elements are those which ensure the overall
structural strength and integrity (if required proceeding from service conditions), as well as
those whose importance is due to their role in the attendants safety ensurance.

1.4.1.3 Secondary structural elements are those which, when damaged,
do not substantially impair the safety of the technical construction.

1.4.2 Structural elements of semi-submersible MODU.

1.4.2.1 Special elements:

shell plating in way of stability column connections to decks and lower hulls;

deck plating, stiffened web girders and bulkheads of upper hull or platforms forming box
or T-shaped bearing structures in areas subjected to considerable concentrated loads;

main bracings intersections;

semibulkheads, bulkhead and platform sections, as well as framing taking up considerable
concentrated loads at intersections of bearing structure elements;

structural elements fitted for load transmission at intersections or connections of main
bearing structures.

1.4.2.2 Primary elements:

shell plating of stability columns, upper and lower hulls, and bracings;

deck plating, bulkheads and stiffened web girders of upper hull which form box or T-shaped
bearing structures not subjected to considerable concentrated loads.

1.4.2.3 Secondary elements:

internal structures including the bulkheads and recesses of stability columns and lower
hulls, leg and bracings framing;

upper platform or upper hull decks except areas where these elements are primary or
special ones;

large-diameter stability columns with small length-to-diameter ratios except
the connections of a column or intersections.

1.4.3 Structural elements of self-elevating MODU.

1.4.3.1 Special elements:

vertical legs in way of their connections to footings;

intersections of truss-type leg elements with welded components including steel castings.

1.4.3.2 Primary elements:

shell plating of tubular legs;

shell plating of all elements of truss-type legs;

bulkheads, decks, side and bottom plating of the topside which form box or T-shaped
bearing structures;

jack house structures of legs and footings, which take up the loads from legs.

1.4.3.3 Secondary elements:

inner framing including bulkheads and web framing members of tubular legs;

inner bulkheads and recesses, as well as framing members of the topside;

inner bulkheads of leg footings except areas where the elements are principal or special
ones;

deck plating, side and bottom shell plating of the topside except areas where the elements
are primary or special ones.
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144 Structural elements of FOP.

1.4.41 Special elements:

structural elements of "skirt" and elements fitted in areas where the skirt is mated to
the FOP bottom;

structural elements of ice strake where the platform is an oil reservaoir;

structural elements in way of hull structural connections by which the overall strength is
ensured, and in areas where the cross section varies abruptly;

structural areas subjected to considerable concentrated loads.

1.4.4.2 Primary elements:

shell plating of hull structures;

watertight bulkhead plating, watertight platform plating by which the overall strength is
ensured;

web girders of hull structures;

main framing of shell plating, bulkhead plating, deck plating by which the overall hull
strength is ensured.

1.4.4.3 Secondary elements:

inner structures not contributing to the overall hull strength;

auxiliary framing of shell plating and plating.

145 Structural elements of hull, ground foundation and TLP tension legs.

1.45.1 Special elements:

hull structures of a multi-column TLP as specified in 1.4.2.1 for the semi-submersible
MODU;

hull structures of a tower-shaped TLP, such as:

structural elements of ice belt where the platform is an oil reservoir;

structural elements in way of hull structural joints by which the overall strength is ensured,
and in the areas where the cross section varies abruptly;

structural areas subjected to considerable concentrated loads;

hull structural elements of TLP and ground foundation, interacting with tension legs;

interaction areas of tension legs, the hull and ground foundation and high voltage elements
of the devices for tension maintenance in tension legs;

local areas of tension legs subject to possible high tension impact (coupling, welded
transverse joints etc.);

areas of ground foundation exposed to substantial loads.

1.4.5.2 Primary elements:

hull structures of a multi-column TLP as specified in 1.4.2.2 for the semi-submersible
MODU;

hull structures of a tower-shaped TLP as specified in 1.4.4.2 for the FOP;

tension legs and their elements, except for the areas, in which the elements are special;

structural elements of the ground foundation, except for the areas, in which the elements
are special.

1.4.5.3 Secondary elements: the hull structures of the multi-column and tower-
shaped TLP, as specified in 1.4.2.3 and 1.4.4.3 for the semi-submersible MODU and FOP,
respectively.

No structural elements of tension legs or anchors as well as the areas of hull and tension
leg joints shall be classified as the secondary structural elements.

1.4.6 The final classification of MODU/FOP structural elements shall be carried out by
the designer and shall be agreed with the Register.
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1.5 MATERIALS

151 Steel structures.

1.5.1.1 For the manufacture of MODU/FOP structures, the steel approved by
the Register and complying with the requirements of Part XllI "Materials" of the Rules for
the Classification shall be used.

15.1.2 The steel grade for particular structural element of MODU/FOP shall be
determined from Table 1.5.1.2 reasoning from the design temperature of the structural material
and the function of the element according to the requirements of 1.4.

1.5.1.3 The design temperature for structural material is determined either
experimentally or by calculation proceeding from the minimal daily average temperature “Y
adopted (refer to 1.2.3 of Part Il "Hull" of the Rules for the Classification). For the design
ambient air temperature, refer to 2.2.8 of this Part. In the absence of the above substantiations,
the design temperature of material of exterior abovewater structural elements shall be adopted
equal to the ambient air temperature.

Design temperature may be increased, if reliable evidence (obtained either by calculation
or experiment) is provided to the Register that under service conditions the temperature of
particular structural elements of MODU/FOP would not reach the minimal ambient air
temperature stated in the specifications.

1.5.1.4 Special and primary structural elements taking up considerable loads directed
through the thickness dimension of rolling shall be manufactured of Z-steel in compliance with
the requirements of 3.14 of Part Xlll "Materials" of the Rules for the Classification.

Table 1.5.1.2
Design temperature of strl
Structural Steel grade _ — — - - ”
elements for MODU/FOP 0 | 710 | 720 [ i30 [ i40 [ 750 | 760
Max. thickness of structural element, in mm
A 30 20 10 o] o] o] o)
B 40 30 20 10 o] o]
D 50 50 45 35 25 15 o}
E 50 50 50 50 45 35 25
F 50 50 50 50 50 50 45
A32, A36, A40 40 30 20 10 o] o] 0
D32, D36, D40 50 50 45 35 25 15
>
g E32, F36, E40 50 50 50 50 45 35 25
§ F32, F36, F40 50 50 50 50 50 50 45
(]
n AH420, AH460, 40 25 10 5 5 5 5
AH500
DH420, DH460, 50 45 35 25 15 5 5
DH500
EH420, EH460, 50 50 50 45 35 25 15
EH500
FH420, FH460, 50 50 50 50 50 45 35
FH500
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Design temperature of str]|
Structural Steel grade _ . _ _ _ _
elements for MODU/EOP 0 | 710 | i20 | i30 | i40 | i50 | i60
Max. thickness of structural element, in mm
A 20 10 3 3 3 3 R
B 25 20 10 3 3 3 3
D 45 40 30 20 10 3 3
E 50 50 50 40 30 20 R
= 50 50 50 50 40 30 25
A32, A36, A40 25 20 10 8 8 3
D32, D36, D40 45 40 30 20 10 5
>
E E32, F36, E40 50 50 50 40 30 20 15
T F32, F36, F40 50 50 50 50 50 40 30
AH420, AH460, 20 5 5 5 5 5 5
AH500
DH420, DH460, 45 35 25 15 5 R} 5
DH500
EH420, EH460, 50 50 45 35 25 15 5
EH500
FH420, FH460, 50 50 50 50 45 35 25
FH500
A 15 o] o}
B 15 o] o)
D 30 20 10 8 R
E 50 45 35 25 15 8 R
= 50 50 50 45 35 25 15
A32, A36, A40 15 8 3 5
B D32, D36, D40 30 20 10
-§ E32. F36, E40 50 45 35 25 15
%) F32, E36, F40 50 50 50 50 40 30 20
AH420, AH460, 5 5 5 5 5 5 5
AH500
DH420, DH460, 25 15 5 5 5 5 5
DH500
EH420, EH460, 50 40 30 20 10 ) 5
EH500
FH420, FH460, 50 50 50 40 30 20 10
FH500

Note. Forintermediate temperature values, linear interpolation is permissible.
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1.5.1.5 The design yield stress Y of material shall be determined from Table 1.5.1.5
proceeding from the standard yield stress 'Y

Table 1.5.1.5
Steel grade Standard yield Design yield stress Rg, in MPa, for thickness,
for MODU/FOP stress, Ren, in MPa in mm
<30 3008 50 5008 70
A B,DEF 235 235 215 200
A32, D32, E32, F32 315 315 295 280
A36, D36, E36, F36 355 355 335 320
A40, D40, E40, F40 390 390 370 355
AH420, DH420, EH420, 420 420 390 365
FH420
AH460, DH460, EH460, 460 460 430 390
FH460
AH500, DH500, EH500, 500 500 480 440
FH500

1.5.1.6 The application of normal, higher and high strength steels with a thickness
above 75 mm, as well as of steels for which 'Y > 500, in MPa, may be permitted by

the Register, in case the steels meet the requirements of Partm1 | | " Mat eRulesafdors " of
the Classification. For such steels, the design yield stress shall be agreed with the Register.
152 Reinforced structures.

Requirements for the materials of reinforced structures shall be found under 3.4.
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1.6 WEAR OF STRUCTURAL ELEMENTS

1.6.1 The scantlings of MODU/FOP structural elements shall be assigned with due
regard for corrosion allowance, and for shell plating in way of ice strake of ice-resistant FOP,
allowance shall be made for surface abrasion with ice.

1.6.2 Wear allowance Yi, in mm, shall be made for the thickness of structural
elements, as obtained by strength calculations, which is determined by the formula

wi QoY (1.6.2)

where 0 the design wear rate, in mm per year;

"W¢ for MODU/FOP structural elements which can be repaired during service;

“Yfor MODU/FOP structural elements which cannot be repaired during the whole period
of the platform service;

the design service period of MODU/FOP, in years;

the factor accounting for the positive effect of protective measures to reduce

wear (Q p).

=~ -

1.6.3 The design wear rate 6 shall be adopted on the basis of data on the wear of
selected steels under conditions corresponding to the service conditions of MODU/FOP,
the positive effects of wear reduction measures disregarded. In the absence of such data,
the design wear rate may be adopted with due regard for the relevant requirements of
the Rules for the Classification. In so doing, the congruity of service conditions of
the MODU/FOP structural elements with those of the components for which data are given in
the Rules for the Construction shall be borne in mind.

When adopting design corrosion rates for structural elements of semi-submersible MODU,
one may be guided by the recommendations of Table 1.6.3.

Table 1.6.3
Recommended design corrosion rates for structural elements of semi-submersible MODU
Nos. Structural element Design corrosion
rate, in mm per year
1 Bracings:
1.1 Horizontal transverse bracings
in way of connections to columns and other bracings 0,18
outside the areas of connection 0,16
1.2  Horizontal diagonal bracings
in way of connections to columns and other bracings 0,18
outside the areas of connection 0,14
1.3 |Inclined transverse bracings
in way of connections to columns, pontoons and upper hull 0,18
outside the areas of connection 0,16
1.4 |Inclined longitudinal bracings
in way of connections to columns and upper hull 0,15
outside the areas of connection 0,14
2 Columns:
in way of connections to pontoons 0,14
on the level of alternating waterline 0,16
above-water structure 0,10
underwater structure 0,12
3 Pontoons:
bottom, deck, sides of ballast and fuel compartments 0,16
bulkheads 0,14
bottom, deck, sides of dry compartments 0,13
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Nos. Structural element Design corrosion
rate, in mm per year
4 Upper hull:
sides and transoms 0,11
bulkheads 0,10
supporting beams 0,13
main deck 0,10
open sections of upper deck exposed to weather 0,13

1.6.4 The factor ‘Qaccounting for the positive effects of protective measures to reduce
wear may be adopted less than one, provided effective corrosion protection is used for
structural elements, or special coats and materials are applied to prevent surface abrasion with
ice. The factor is only to be introduced for the elements that are covered by protective
measures.

1.6.4.1 For the structures of semi-submersible MODU and FOP, which are equipped
with efficient corrosion protection systems, 'Q v shall be adopted, provided both the sides
of the structural element are protected, and ‘Q iy ushall be adopted where one of
the surfaces of the structural element is protected.

1.6.4.2 The value of Q p shall be substantiated and agreed with the Register where
the exterior structures of the ice strake of FOP are concerned on condition protective measures
are taken to reduce wear.

1.6.5 wi pft mm, shall be the minimal corrosion allowance.
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1.7 WELDED STRUCTURES AND JOINTS

1.7.1 Welded joints of MODU and FOP structures shall meet the requirements of
Parts Il "Hull" and XIV "Welding" of the Rules for the Classification and of Part XIII "Welding"
of the MODU/FOP Rules with regard to welded joints and structures, welding consumables,
welding methods and quality control of welded joints.

1.7.2 Welded joints of special structures potentially subjected to excessive stresses
across the rolled stock thickness shall be carried out so as to prevent or minimize the possibility
of a layered rupture.

1.7.3 Weld dimensions are set according to approved national standards or technical
documentation.
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2 STRUCTURAL DESIGN PRINCIPLES

2.1 GENERAL

211 The design of MODU/FOP shall be such that its strength within the service life
(as determined for environmental conditions of the anticipated area of operation) meets
the accepted criteria in the following design conditions:

transit;

positioning at the site;

operational;

survival or extreme loading;

removal from site.

Besides, if necessary according to conditions of construction strength of structures or
separate elements shall be verified during manufacture.

Adjustment of design conditions to the type of MODU/FOP is given in Section 3.

21.2 Designing MODU/FOP shall be carried out keeping due note of safe operation
requirements including requirements for environmental safety during the whole service life of
the structure as well as ensuring convenience of works related to survey/examination and
current repair of structures.

2.1.3 It is recommended to equip MODU/FOP with instrumentation for observation of
condition of hull structures in order to assess their reliability, timely detection of defects and
increment of safety level.

214 Strength calculations shall be performed in respect of all structural elements of
MODU/FOP: special, primary and secondary.
Di mensions of structur al el ements exposed to

to overall strength of the unit (platform) may be determined in accordance with applicable
requirements of Part Il "Hull"* of the Rules for the Classification.

215 Structural scheme and general arrangement of topside shall consider safety
requirements reducing risk of possible environmental exposures. In particular,
the accommodation spaces shall be located from the side of dominating winds; derrick and
flare 8 on the opposite side, etc.

2.1.6 MODU hull structures in the place of installation of positioning system machinery
shall ensure taking up loads equal to breaking strength of ropes and chains. Permissible
stresses shall not be more than Tifw Y
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2.2 ENVIRONMENTAL CONDITIONS

221 General.

2.2.1.1 The description of environmental conditions of the area of operation (sea or seas,
area or part of sea area) shall include data on the ambient conditions which may influence
the reliability of MODU/FOP, namely: wind, waves, current, ice, seabed, seismic exposure, air
temperature, etc).

2.2.1.2 The description of environmental, conditions shall reflect the realistic character
of wind and wave formation, currents and ice formation and shall be based upon probabilistic
methods and statistical information.

2.2.1.3 The basic parameters of environmental conditions, as determined for
the prescribed area of operation shall be agreed with the Register. Data on the wind and waves
in different seas are given in Appendix 1.

2.2.1.4 If conditions of MODU/FOP operation are limited by the list of seas, area or part
of the sea areas, seasons or permissible limits of environmental conditions then the list of seas,
area borders or parts of these areas, seasons and permissible values of characteristics of
environmental conditions for relevant areas of operation are specified in the MODU/FOP
Operating Manual.

2.2.2 wind.

2.2.2.1 There are following characteristics of the wind: average wind velocity at
anemometer height (& = 10 m), law of change of wind average velocity by height, wind
gustiness parametres, spectral characteristics of wind pulsations.

The basic data on the wind conditions are wind velocities 0  with the averaging period
of 10 min at anemometer height (& =10 m) which are called standard velocities and the period
of recurrence in the region under consideration over the long period of not less than 20 years.

2.2.2.2 Extreme values of average wind velocities are determined from many years
observations as most probable largest values with recurrence period of 100 years, but not less
than 25,8 m/s.

2.2.2.3 The interrelation between and average U velocities is determined by the
gustiness coefficient "0

@ @NO p If (2.2.2.3)

where r numeric coefficient (refer to Table 2.2.2.3);
standard deviation of wind velocities;

coefficient of the wind velocity volatility (refer to 2.2.2.4)

T”

f . FU.
Table 2.2.2.3
Speed averaging period Duration of the maximum gust n
of 10 min 1 3 6 12 18 36 90
r 2,94 2,58 2,52 2,10 1,90 1,55 1,00

Maximum velocity is calculated at averaging of € seconds. Recommended ¢ = 3.
2.2.2.4 Itis recommended to use the Davenport longitudinal wind pulsation spectrum

YQ ——— (2.2.2.4-1)

where ¢ pq it
Q = frequency, in Hz;
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b,r = average wind velocity at hour averaging (m/s); transitional coefficients between
different averaging periods are determined on the basis of Fig. 2.2.2.4;
0 = head resistance coefficient of underlying surface (refer to Table 2.2.2.4-1).
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Transitional coefficient
Fig.2.2.2.4
Diagram of transitional coefficients 0;70,,
Table 2.2.2.4-1
0, xmic 15 20 25 30
0 103 2,0 25 3,0 3,5

Wind velocity by height profile considering time of averaging is determined by the following

formula:

0 0

where

and according to Table 2.2.2.4-2.

Y

0

I o n” pitd 7

the time of averaging, in min,

(2.2.2.4-2)

Table 2.2.2.4-2

Time 3s 5s 15s 1 min 10 min 60 min
Z,inm

1,0 0,936 0,910 0,856 0,786 0,671 0,581

5,0 1,166 1,140 1,085 1,016 0,901 0,811

10,0 1,265 1,239 1,184 1,115 1,000 0,910

20,0 1,364 1,338 1,283 1,214 1,099 1,009

30,0 1,422 1,396 1,341 1,272 1,157 1,067
40,0 1,463 1,437 1,382 1,313 1,198 1,108
50,0 1,495 1,469 1,414 1,345 1,230 1,140
100,0 1,594 1,568 1,513 1,444 1,329 1,239
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2.2.2.5 The variation of average wind velocities by height is shown by the following
expressions:
open seas

0 0 p 1l m” ; (2.2.2.5-1)
coastal zones
0 0 p I dlafpm” (2.2.2.5-2)

where a =  height above sealevel,inm;pm & p Tm.

2.2.3 Waves.

2.2.31 Waves are described by the following parameters: wave height
with 3 % probability of exceeding level, wave height recurring once in 100 years, average wave
period, average wave frequency, wave spectral density, average wave length, joint periodicity
of wave heights and periods.

2.2.3.2 Joint recurrence of wave heights and periods is determined on the basis of
information from specialized organizations for the given area of operation.

2.2.3.3 The ratio between the average period, average wave length and average
frequency shall be employed in case of shallow water:

1 oo (2.2.3.3-1)
t (2.2.3.3-2)
where 0 = wave number,0 c¢“7F

= average wave length, in m;

O =  depth of water space, in m.

2.2.3.4 The extreme values of wave heights are determined as the most probable
largest wave heights with recurrence period of 100 years ("Q ). In case of absence of
information of their values "Q may be determined by the formula

Q oy 1 & (2.2.3.4)

where " BnQ;

N = recurrence of wave conditions which is featured by "Q , (value of column B, of joint
recurrence of wave heights and periods table);

£ "WiT
Y = period of time under consideration ("Y= 100 years);
tf = average wave period over this time period,
i BAat,

n = value of column B  of joint recurrence of wave heights and periods table.

2.2.3.5 Two concepts may be employed to assess extreme values:
the first concept is based on the long term distributions;
the second concept is based on the severest conditions;
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The closed system of assessments implies the following interrelation of wave
characteristics for these concepits:

Q pho TQ ; (2.2.3.5-1)
Q cho1Q o (2.2.3.5-2)
where Q = wave height, in m, of 3 % probability of exceeding level for stationary conditions at
which the extreme value of the given exceedance is the most probable for realization;

Q = wave height, in m, of 3 % probability of exceeding level recurring once in 100 years.

2.2.3.6  JONSWAP spectrum is the recommended design wave spectrum:

"Y1 YT T (2.2.3.6-1)
where Y = Pierson-Moskowits spectrum determined by the formula
Yo opmQtl il A@bnh 1 (2.2.3.6-2)

1 ¢“ T = average wave frequency;
1 =  frequency of spectrum maximum;
[ =ratio of "Yand"Y maxima; average valuel =3,3;

woow THUXE

224 Current.

2.2.4.1 When influence of current is studied in the given area of operation it is necessary
to consider such factors like its nature (tide or wind), distribution by depth, stability over time.

In absence of information about the current profile in the area of operation under
consideration it is recommended to use average statistical data from the following expression:

O 0 O afro 7 v O &ro (2.2.4.1)

where 0 =  general current speed at & depth from the water surface;
0 = high tide speed at a calm water level 'O;
= wind current speed at 'O level.

2.2.4.2 When reviewing influence of current on parameters of external loads affecting
MODU/FOP, it is necessary to consider the effect of interaction of the current and waves.
In the random wave field this leads to the transformation of the wave spectrum:

Y 1 — — - (2.2.4.2)
where Y17 = the spectrum of the surface waves;
0 = conjunction of the wave and current directions;
vV 1= head directions of waves and current.
2.2.5 Ice.

2.2.5.1 The following physical and mechanical properties characterize level ice, rafted
ice and consolidated layer of ridge: density, salt content, compression strength, bending
strength, tensile strength, modulus of elasticity, fracture toughness, friction behavior of ice and
structure.
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2.2.5.2 The following physical and mechanical properties characterize ridge keel: ridge
keel adhesion value, angle of internal friction and keel hollowness factor.

2.2.5.3 Thefollowing physical and mechanical properties characterize icebergs: iceberg
density and compression strength.

2.2.5.4 The following geometrical properties characterize ice: thickness of level ice,
thickness of rafted ice, thickness of consolidated layer of ridge, ridge height, ridge keel depth,
ridge keel width (normal to the front), ice field area and ice consolidation.

2.2.5.5 The following geometrical properties characterize icebergs: shape and linear
dimensions of an iceberg with regard to their variation depending on the vertical level.

2.2.5.6 Theice field thickness and dimensions are specified for the icebergs frozen into
surrounding ice.

2.2.5.7 Speed of ice drift is also the initial information for assessment of ice forces when
an impact is applied by ice formations to the platform.

2.2.5.8 Physical, mechanical properties and geometrical parameters of ice as well as
speed of ice drift are random values. In order to use random values in subsequent calculations,
a probabilistic approach (for example, Monte Carlo method) considering laws of random value
distribution in respect of specific sea area shall be applied where reasonable. Statistically valid
combinations, which determine the most hazardous combinations of ice parameters, may be
also used in subsequent calculations. Combination of random values shall have the recurrence
period of 100 years which is determined as agreed with the Register.

2.2.6 Seabed.

2.2.6.1 For the area of self-elevating MODU/ FOP installation it is necessary to obtain
engineering section of the foundation with indication of depth of stratum and information on
normative and calculated value of the physical and mechanical properties of the foundation.

2.2.6.2 There are following attributes of the seabed: type of the seabed (sand, clay,
silt, etc.), wet soil weight, deformation modulus ( st at i c al and dynamical)
adhesion value, angle of internal friction, 6 & non-drained shift resistance, consolidation
coefficient, porosity factor, humidity factor, seabed permeability, flow index.

2.2.7 Seismic conditions.

2.2.7.1 The main information on earthquakes in the seismically dangerous region is
the intensity of seismic exposure which has a recurrence period over the long period of time d
at least 100 years (design earthquake).

Extreme values of seismic exposure are determined on t he basi s of ma
experience and they shall be extrapolated as the most probable over 500 years (maximum
design earthquake).

2.2.7.2 It is recommended to use a Russian scale based on maximum accelerations
(refer to Table 2.2.7.2) for evaluation of earthquake force.

Seismic exposure shall be considered if force of calculated seismic activity in the area of
self-elevating MODU/FOP operation is 6,5 and more.

Table 2.2.7.2
Earthquake Seabed acceleration Intervals between earth| Intervals between movements of
force intervals,inc m/ s ] , al tremors,incm/s the centre of gravity of
0 of 0,1 s and greater the seismometer
pendulum, in mm

6 308 60 3,008 6,0 1506 3,0

7 610 120 6,10 12,0 3,186 6,0

8 12186 240 12,16 24,0 6,10 12,0

9 241 0 480 24,106 48,0 12,16 240
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2.2.7.3 The interrelation between the calculated seismical activity 0 0
and attributes of the local seabed are determined in accordance with Table 2.2.7.3.

Table 2.2.7.3
Seismic Seabed Calculated seismic activity
categories force l’)IQ Qi "Q"Qéd@@i Qstgézed
D TTT LT
of seabed on the initial seismic activity of

the area of operation
QQI "QQEQ@ QQE QQ
vy T TT U TTTT

6 7 8 9
I Non-eroded and poorly eroded rocky seabed of all types T 6 7 8
(including many years frozen seabed in the frozen and
melted condition); seabed of big fragmentary magma
pieces, containing up to 20 % of sand and clay filler;
speed of the transverse waves propagation @ X Tt m/s;
interrelation between speeds of longitudinal and
transverse waves w¥®w  plx z ¢kt

Il Rocky seabed (except those referred to the | category); 6 7 8 9
seabed of big fragmentary pieces (except those referred
to the | category); dust-and-clay seabed with a flow index
of 0 v, porosity factor Q  rdwfor clays and adobes
and Q iy for clay sand; many years non-rocky ductile
and frozen or loose and frozen seabed; ® ¢ v T

X TTm/s, ©Tw ¢k z ofv

I Loose sands without regard of fineness; semi-gravel 7 8 9 >9
sands of large and medium fineness, high or medium
density, dust-and-clay seabed with the flow index of

0 v at a porosity factor of Q Twfor clays and
adobes and Q iy for clay sand; many year frozen and
rocky seabed with possible defrosting; silt seabed,;

O ¢ um/s, ®fw ofvd forsaturated seabed

2.2.7.4 Evaluation of the seismical activity shall be matched with the existing Russian
seismic charts.

2.2.8 Ambient air temperature.

The main source of information about ambient air temperature is information about
the lowest average daily temperature in the possible area of the platform operation which is
taken from the meteorological historical data over at least 10 years if anything else is not
provided in this Part.

2.2.8.2 The minimal design temperature for the platform elements operating underwater
at all times is taken for the water temperature i 2 A C .
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2.3 DESIGN CONDITIONS AND LOADS

23.1 Classification of loads.
2.3.1.1 By their nature, all loads affecting the MODU/FOP structure are grouped in two
categories:

gravity loads with relevant environmental loads due to waves, wind, current, ice, seismic
activity, seabed, temperature etc.;

the loads caused by functioning of machinery, equipment, systems and associated with
the operation of the MODU/FOP.

Each category may comprise fixed and variable loads; the latter are determined as static
or dynamic depending on structural response to external effects. Depending on the relative
dimensions of the exposed area each of the above-mentioned loading categories is subdivided
into common and local.

2.3.1.2 Fixed static loads are those which do not change in value, location or direction
if environmental conditions have changed. For a structure in calm water condition the gravity
forces of this structure and all permanently secured equipment, as well as the buoyancy forces,
the platform footing counterpressure (weighing), soil loads and soil weight within the scope
depending on the scheme of the interaction between the platform and foundation are treated
as the fixed static loading.

Variable static loads are those which change in value and direction during a certain time
period. However, the velocity of loading variation is so insignificant that it has practically no
effect on the structure.

2.3.1.3 Dynamic loads are those which change in value and direction enough quickly to
produce a dynamic effect on the behaviour of the structure. The dynamic effect on the structure
may be caused by wind blows, waves, ice, seismic factors.

2.3.2 Survival conditions or extreme loads.

2.3.2.1 The loads which shall be considered in strength calculations of MODU/FOP
under extreme loads include:

common and local variable and fixed extreme loads caused by environmental exposure;

common and local functional loads corresponding to extreme state of MODU/FOP in terms
of safety.

2.3.2.2 For FOP extreme wind, wave, ice, current and temperature loads are those of
the maximum external loads which may affect the platform over the 100 year period. The recurrence
of seismic loads is determined in relation to the agreed criterion (refer to 3.1.6 and 3.3.2.4).

For MODU the extreme variable loads are those of the possible maximum external loads
which affect MODU over the whole operation period. The variable loads which possibility of
excess in the long term distribution is equal to p 1t are taken for the design loads.

Extreme impact loads on the transverse horizontal bracing of the semi-submersible MODU
are the loads caused by impact interaction with water during sailing the opposite course relative
to the main wave system stationary wave conditions with maximum Q , and “Y in
the long-term mutual distribution of heights "Q , and "Y periods of waves in the area of
operation, their probability is p 11 for this wave mode.

2.3.2.3 The worst practical combinations of external loads which may cause the largest
tension of structures shall be considered.

2.3.3 Operating conditions.

2.3.3.1 The loads which shall be considered in strength calculations of MODU/FOP in
the operating conditions include:

common and local variable and fixed environmental loads which intensity allows a unit to
perform main functions;

common and local functional loads corresponding to the operation mode.
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2.3.3.2 The worst possible combinations of practical functional loads which may cause
the greatest stresses of structure shall be considered.

The loads recurring once a year are taken for the design values of variable environmental loads.
The loads which probability in the long term distribution is equal to p 1t are allowed for MODU.

2.3.4 Transit conditions.

2.3.4.1 Permissible transit conditions are determined for the transportation conditions
and specified in the Classification Certificate and the Operation Manual; the design of transit is
developed for each transit which contains actions to ensure limitations imposed by
environmental conditions and MODU/FOP safety during transportation. The design of transit
shall be agreed with the Register.

2.3.4.2 Loads which shall be dealt with in the MODU/FOP strength calculations in transit
include common and local fixed and variable loads incurred by the environment and such
functional loads which cause the highest expansion in structures in conditions under
consideration.

2.3.4.3 Loads with v p 1™ probability in the longterm distribution in permissible
environmental conditions, but not more than 'Q , xftm are taken for design values of
variable loads.

2.3.4.4 Loads with p 11 probability during stationary wave conditions with 'Q ,and "Y
permissible for the transit conditions, at the specified 'Q , in the long-term distribution and
sailing at head seas, but not more than 'Q ,  xftm are taken for design values of impact loads
applied to semi-submersible MODU bracings during transportation.

2.35 Conditions of positioning at and removal from site.

Permissible environmental conditions are determined by the designer and they are subject
to agreement with the Register. Structural strength calculations shall be made for the loads
corresponding to these conditions of loading.

2.3.6 Deck loads.

The design loads applied to decks shall take into account the most unfavourable
combination of functional loads indicated in 2.3.1. In any case, the design loads shall not be
less than in Table 2.3.6.

Table 2.3.6
Designation of room/deck Pressure R, € Pa

IAccommodation decks, walkways 4,5
\Work areas 9,0
Storage areas:

general purpose xhb 0°Q but not less than 13,0

for cement ofy p"Q but not less than 13,5
N ote. 'Gxcargo stowage height, m;
" =mass cargo density, t/m?2.

2.3.7 Watertight bulkhead loads.
For the plating and framing of watertight bulkheads in ballast tanks, cargo or fuel oil tanks,
the design pressure head, in kPa, is determined by the dependence

n «ppQ Q (2.3.7)
where " = mass density of bal |l ast, cargo or fuel,
Q =  vertical distance from the design point to the uppermost point of the compartment under

consideration, in m;
height of air pipe above the uppermost point of the compartment, in m.

(o}
1

t

/
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2.3.8 Wind loads.
Wind loads are determined by the formula

0 pmm” 0 ¢ B YO U (2.3.8-1)

resultant of wind forces, in kH;

mass density of air, in kg/mj;

design wind speed at the height of 10 meters above the calm water surface at 10
minutes averaging, in m/s;

i-element windage area, in mj|;

coefficient allowing for the change of wind speed by height (refer to 2.2.2.5);
i-element form strength coefficient (corresponds to Table 2.4.2.3 of Part IV "Stability"
of the MODU/FOP Rules).

where 0

0

"y
0
0

Whereas some elements of the structures in question may be located within some spacing
of each other ("permeable” structures), the following shall be considered:

if several elements are fitted in the plane normal to the wind direction, as for flat framing
and columns, the permeability factor %oshall be considered. In this case the wind load is
determined by the formula

0 0 % (2.3.8-2)
where %0 I permeability factor;

if two or more parallel structures forming frames are fitted one after the other along
the wind direction, the screen factor shall be considered. In this case the wind load is
determined by the formula

0 0 — (2.3.8-3)
where - ) screen factor.

The screen factor depends on permeability factor %e type of the element and distance
between the structures.

2.3.9 Hydrodynamic loads.

2.3.9.1 Wave loads applied to the platform and its elements are determined on the basis
of the Moritz equation. For the single obstruction element, the vector of specific wave
loads 0O , int/m, is shown by the following expression:

0 — O ¢80 ® "YO " 6 pU o® (2.3.9.1)
where 0 and6 = speed and inertia resistance factors;
" = mass density of water, in ts]/ m ;
“Yand Q = cross section area, i n m], dlevel fomdvaterme t e r
surface, in m;
vand 0 = orbital speed, in m/s, and water particles accelerationinm/ s | ;
" and © = speed and acceleration of the structural elements.

2.3.9.2 For the large obstruction diameters, Qit is necessary to consider the diffraction
effects. The proposed values of the diffraction coefficient U are set forth in Table 2.3.9.2;
the inertial component is directly proportional to U , the speed component is proportional to 'Q .

0
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Table 2.3.9.2
Relative obstruction dimension ‘Qf_| 0,05 0,10 0,15 0,20 0,25 0,30 0,40
Oy 1,00 0,97 0,93 0,86 0,79 0,70 0,52

2.3.10 Current loads.

Mutual exposure to wave and current shall be considered in accordance with
the recommendations of 3.1.5.2.

Current loads applied to MODU/FOP are determined in accordance with
the recommendations of 3.1.5.1 8 3.3.2.2.

2.3.11  Combination of environmental loads.

2.3.11.1 The most dangerous combinations of loads in accordance with 2.3.1 8 2.3.5
shall be considered while calculating the MODU/FOP structural strength and buckling strength.

2.3.11.2 While reviewing the environmental loads it is necessary to consider that there
may be several environmental loads acting at a time.

Combination of loads is subject to their statistical peculiarities.

During extreme loading of the structure it is allowed to use combination of common loads
in accordance with Table 2.3.11.2 in absence of the probability analysis.

Table 2.3.11.2

Combination Common environmental loads
i Attendant loads
Main load - - —
ice load wave load wind load current load | seismic load
Extreme ice ! ! AV?fage. Extreme !
1 statistical wind
load current load
load
T T Average T
2 Extreme statistical wind Extreme
wave load current load
load
Extreme | Average . ! ! '
3 T statistical ice i
seismic load
load
Average T T T
4 I_Extr_e me ) statistical wave
seismic load
load

2.3.12  Mooring impact loads.

Attention shall be also given to impact loads from supply vessels alongside the drilling unit
as well as provisions of 3.8 of Part Il "Hull" of the Rules for the Classification.

2.3.13 Towing operation loads.

Towing operation loads are the loads applied to separate members of the unit arising
during voyage in tow and consisting of the following:

constant component which depends on the unit speed in relation to water and wind;

variable component which depends on seaway and relative motion of unit and tow,
conditioned by wave rocking.

When of towing MODU/FOP large-sized elements the intrinsic moment of inertia of
the element shall be considered.
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2.4 STRENGTH CRITERIA
24.1 General.
2411 MODU/FOP shall be so designed as to meet the following general safety

requirement:

B Y- (2.4.1.1)

where B design value of the generalized force action (for instance, design internal forces, normal,

shear or equivalent stresses, design deformations, shifts, design pressure upon plate
etc.), which is used to assess marginal state;

Y = design value of generalized bearing capacity (design strength of structure) determined
by normative documents; this is usually the design yield strength of material or limiting
pressure on elements, width of the cracks in concrete etc.;

=  safety factor which depends on the various structural elements responsibility for
strength and safety of structure.

2.4.1.2 Ifrequirement of 2.4.1.1 is met the following dangerous states can be practically
avoided:

excessive deformations of material;

buckling;

fatigue cracks;

brittle fracture.

Accordingly, the following criteria shall be met: ultimate strength; buckling stress; fatigue
strength.

2.4.1.3 To prevent brittle fracture of structural elements, the choice of materials, the
design of structural details and welding shall comply with the requirements of 1.4 and 1.5.

2.4.2 Ultimate strength criterion.

2.4.2.1 The ultimate strength criterion stipulates requirements aimed at precluding the
possibility of reaching a limit state due to plastic deformations and a collapse of MODU/FOP
structural element or the entire structure due to single action of the most unfavourable
combination of loads possible during service life of the unit.

2.4.2.2 The ultimate strength criterion for survival conditions (extreme impact) is
determined by the expression

. =Y (2.4.2.2)

where design structural stress caused by the most unfavourable combination of loads, in MPa;
safety factor (refer to 2.4.2.5);

design yield stress of material in accordance with 1.5.1.5, in MPa.

Y

2.4.2.3 Design stresses, in structural elements in the survival conditions or under
extreme loads are determined from the following expression:
.1 while assessing stresses in the framing sections and in the plate centre

. (2.4.2.3.1)

where " . . w w of;

. »» andt = components of structural stresses in the point under consideration, each of them
takes into account mutual action of global and local loads;
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.2  while assessing the stresses on the plate supporting contour
» ” (2.4.2.3.2)

where " = maximum bending stresses determined on the supporting contour under exposure of
local loads.

2.4.2.4 The ultimate strength criterion for the operating and transit conditions are
determined by the following expressions:

» -Yh
.  —'Yh (2.4.2.4-1)
t o xY
. =Y (2.4.2.4-2)
where . »» andt = components of structural stresses in the point under consideration, each of them
takes into account mutual action of common and local loads, in MPa;
= maximum bending stresses in a plate determined on the supporting contour under
exposure of local loads, in MPa;
- = safety factor (refer to 2.4.2.5);
Y = design yield stress of material in accordance with 1.5.1.5, in MPa.

2.4.25 The safety factors — in connection with the ultimate strength criterion shall not
exceed the values shown in Table 2.4.2.5.

Table 2.4.25
Design Type of unit | Strength criteria Structural elements

conditions (platform) Special Primary Secondary
Survival or MODU (2.4.2.3.1) 0,8 0,84 0,86
extreme loadingl T p/FOP (2.4.2.3.1) 0,75 0,8 0,83
MODU (2.4.2.3.2) 1,3 1,4 1,5
TLP/FOP (2.4.2.3.2) 1,25 1,35 1,45
Operation and MODU/FOP (2.4.2.4-1) 0,63 0,68 0,80
transit MODU/FOP (2.4.2.4-2) 1,02 1,14 1,25

2.4.2.6 Additional criteria of ultimate strength referring to specific type of MODU/FOP
as well as explanations required for criteria in Formulae (2.4.2.3.1), (2.4.2.3.2), (2.4.2.4-1)
and (2.4.2.4-2) are contained in relevant paragraphs of Section 3.

2.4.3 Buckling strength criterion.

2.4.3.1 The buckling strength criterion stipulates requirements for those parameters of
MODU/FOP structural elements which provide stability of the given configuration. Critical buckling
strengths are those which cause a structure to pass from one form of equilibrium to another.

2.4.3.2 Buckling strength criterion is determined by the expression

. = (2.4.3.2)

design stresses for the specified condition of the structural element, in MPa;
critical buckling strength, in MPa;
safety factor.
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2.4.3.3 In buckling strength calculations of compressed and bent cylindrical shells,
account shall be taken of geometric imperfections of shape.
2.4.3.4 Flexibility of isolated compressed elements shall not be more than

ar  _ (2.4.3.4)

where a effective unsupported length of the beam, in mm;
minimum radius of inertia of the sectional area, in mm;

maximum permissible flexibility as per Table 2.4.3.4.

Table 2434
Normative yield strength of material, 'Y , in MPa Maximum permissible flexibility _
240 165
315 155
355 150
390 150
420 150
460 140
500 130

2.4.3.5 While checking the buckling strength of isolated compressed elements the
safety factor — shall not be more than

2 2.4.3.5
- mwtp m_T_ FEL _N ( )
where _ ¢t ory ;
(@) = Youngods modul us, in MPa;
Yoo = yield stress of material, in MPa.

2.4.3.6 The safety factor — of bars subjected to combined axial compression and
bending shall meet the condition

“r ., T, (2.4.3.6)

where - safety factor according to 2.4.3.5;
acting stress caused by bending, in MPa;

" permissible stresses, in MPa, (in accordance with 2.4.2, i.e. ,, =Y.

2.4.3.7 The safety factor of plate elements exposed to system of forces on the edges,
which may cause budding, shall be determined by the formula

- B .7, (2.4.3.7)

where 3 number of simple forms of stresses which may be used to represent the actual loaded
condition. Examples of such stresses are: compression in wand Udirections; average
shear stresses;

actual stresses of the i-th form, in MPa;

" critical stresses corresponding to the i-th form of stresses, in MPa.
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The safety factor — shall be assumed equal to:

— =0,8 for survival conditions or extreme loads;

— =0,6 0 for all other modes.

2.4.3.8 Buckling strength calculation of unstiffened tubular elements, the interrelation of
common and local loss of budding may be omitted for:

elements which are subject to bending and compression at

oro  TipOory ; (2.4.3.8-1)

elements which are subject to bending, compression and excessive external
pressure at

oro  TUOTY (2.4.3.8-2)

where ‘Oand o
(o]
Y

average diameter and thickness, respectively, mm, of tubular element wall;
refer to 2.4.3.5;
referto 1.5.1.5.

If the above inequalities are not executed, then it is necessary to take into account
interaction of local and common buckling in calculation of the tubular element buckling strength.
Applied methods of calculation shall be agreed with the Register.

2.4.3.9 Register may consider the possibility of loosing stability of the horizontal plates
of primary and secondary structural elements. In such case methods of calculation and
permissible stresses shall be justified and agreed with the Register.

24.4 Fatigue strength criterion.

2.4.41 The fatigue strength criterion stipulates requirements aimed at preventing
the origination of dangerous, by possible consequences, fatigue damage during service life of
the structure which is caused by unsteady change of operating loads of different magnitude.

2.4.4.2 Calculation of the fatigue strength is made for critical points which list is agreed
by the designer with the Register.

2.4.4.3 Designing of the platform structures shall be made on the basis of the "safe
damage" criterion which implies that fatigue criterion is oriented at the stage of initiation of
fatigue macrocrack rather than the stage of crack development. Crack initiation criterion is
based on the hypothesis of linear damage summation shown by the expression

B &I - (2.4.4.3)
where 3 =  the number of stress cycles at the i-th level of loading;

0 = number of stress cycles prior to appearance of the crack at the i-th level of loading;

0 = number of loading levels considered;

permissible limit level of relative vulnerability.

2.4.4.4 Permissible limit level of relative vulnerability — depends on the class of
the structural element (refer to 1.4), category of joint within the class of responsibility, degree
of access for examination and repair. Category of the joint is assigned by the designer.
2.4.45 Parameter — represents a product of

- 11

where T 0 andf c values are given in Tables 2.4.4.5-1 and 2.4.4.5-2.
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Table 2.4.4.5-1
1 coefficient

Class of the structural element Category of joint under consideration

I Il
Special 0,8 0,6
Primary 0,9 0,8
Secondary 1,0 1,0

Table 2.4.45-2
n coefficient
Access during examination and repair

No access Hard-to-reach Good access
0,5 0,75 1,0

2446 The source of cyclical loads is waves, wind, current, ice, seismicity reason,
vibration of machinery. The initial data for each type of cyclical loads is recurrence of
environmental conditions (refer to 2.2.1 8 2.2.6).

2.4.4.7 Service life is recommended to be determined by the following formula:

self-elevating MODU

Y G, BBB (2.4.4.7-1)

where 0 h 8 = parameters of fatigue curve;
i = fatigue limit based on 0 cycles;

a = slope of fatigue curve in coordinates 1 ,C 1

Y = effective period of the process of wave loads at ijk-th stationary conditions,
featuring i-th height of the 3 % probability of exceeding level, j-th average period
of waves, k-th angle of encounter;

N = recurrence of ijk-th stationary conditions;

v and oq,M:Q parameters of form and scale of the stress distribution, respectively (refer
to0 3.1.4.9);

1 (I () (refer to 3.1.3.6, 3.1.4.9);

30 = gamma function.

In addition to Formula (2.4.4.7-1), the total fatigue damage ‘Oz due to waves and wind for
self-elevating MODU structures may be determined by the following formula:

G O 0O 0O

where O h ho =  fatigue damage due to waves, pulse component of wind loading and
vortex component of wind load, respectively;

semi-submersible MODU

Y 0, BBB (2.4.4.7-2)

where =  standard deviation of the stress process at the ijk-th stationary wave conditions.

» Ugon
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TLP/FOP fatigue life at wave, seismic or variable ice loads is recommended to determine

on the basis of the analytical dependency

Y 0, B— 1

where Y =
@ and 0 =
G6,,.d

&

effective period of i-th process;
parameters of scale and form of the i-th process (refer to 3.3.2.1.4, 3.3.2.4.4,

(2.4.4.7-3)

3.3.2.3.3, 3.3.2.3.5);
parameters of fatigue curve; ,,

slope of fatigue curve in coordinates 1 ,C

= fatigue limit on the basis of 0 cycles;

2.4.4.8 Toassess preliminarily the risk of origination of fatigue damage and to determine
the main scantlings of hull structures it is recommended to use the Register modified fatigue
curves as fatigue curves (refer to Figs. 2.4.4.8-1 and 2.4.4.8-2) in accordance with

the international classification of structural types of nodes and joints (classes | , D, E,
G,WandT).
1000 ]
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Fig. 2.4.4.8-1
Fatigue curves
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S-N curves for tubular joints
2.4.4.9 Fatigue curves are applicable to 22 mm materials for flat structures and 32 mm

for tubular structures. Fatigue limit for the given thickness of elements differing from the basic
ones is determined by the formula

., . 0jo 7 (2.4.4.9)

where o}
o

basic thickness;
real thickness.

2.4.4.10 The design stress range for base metal in calculations of fatigue curves as
in Figs. 2.4.4.8-1 and 2.4.4.8-2 may be reduced depending on the mark of average stresses.
Reduction coefficient * which reduces the stress range is shown in Fig. 2.4.4.10.

b ou reduction coefficient

Om=Ad|2 O =0 O = A2 O
COMmpPression expansion

Fig. 2.4.4.10
The stress range for 'Y 0 curves. The base metal
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2.4.4.11 The service life of the structure "Y is defined by the customer. Design service
life "Y of structures shallbe Y  pip"Y .

2.4.4.12 Where the obtained results of the service life assessments made in accordance
with 2.4.4.8 8 2.4.4.10 suggest that the origination of premature fatigue fractures in welded
joints of the structure types used is possible, it is necessary to made more detailed calculations
of fatigue strength of the welded joints using methods approved by the Register, which take
into account the main design and technological factors and define fatigue serviceability of
welded joints. It is also necessary to choose an appropriate implementation of the welded joints
and hull assemblies which ensure the required design service life accounting for the use of
special technological methods for enhancing the fatigue strength of the joints in accordance
with 2.8.7 of Part XlIl "Welding" of the MODU/FOP Rules.
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2.5 STRENGTH CALCULATION PROVISIONS

251 General.

2.5.1.1 Strength calculations are divided into the following stages:

evaluation of values, characteristics and distribution of design common and local loads,
their combination for the given operating conditions;

evaluation of stresses caused by the common and local loads, adding of stresses;

evaluation of design stresses or evaluation of ultimate loads;

comparison of design values versus requirements of the MODU/FOP Rules.

All major parts of the calculation are equally important, the same requirements are put to
their accuracy and justification as to the whole calculation.

2.5.1.2 Calculations shall be made following the recognized methods. Provisions of
the Rules for the Classification shall be used if applicable.

2.5.1.3 Idealized structural model shall reflect peculiarities of structure: mutual location
and geometry of primary support members, section geometrical characteristics. Meanwhile,
the idealized structural models shall be subdivided into subsystems of various levels.

Requirements for the design models are set forthin 2.5.2 8 2.5.5 and Appendix 2.

2.5.1.4 Itis allowed not to consider stress components which value is less than 10 % of
design yield strength of material while making calculation of the structural elements which are
exposed to multicomponent stress and deformation.

2.5.1.5 Additional provisions on strength calculations referred to MODU/FOP of specific
type are contained in relevant paragraphs of Section 3.

25.2 Evaluation of common stresses.

2.5.2.1 MODU/FOP structural models keeping due note of their macropeculiarities shall
be developed in order to evaluate common stresses (or stresses caused by common loads)
which relate to common structural deformations. Usually, calculation of the structural stress
and deformation is performed on the basis of single calculation scheme, i.e. it is recommended
to consider the structure as a whole.

Use of simplified calculation schemes (for parts of structures) is allowed if their use is
justified. In any case the model shall be detailed as far as it is necessary for evaluation of
common stresses.

2.5.2.2 Calculation of MODU/FOP stresses and deformations is generally
recommended to perform following the finite element method on the basis of the beam, plate
and beam-and-plate idealization.

2.5.2.3 MODU/FOP strength calculation shall take into account the interaction of
the structure with the seabed. While modelling of the "structure- seabed" system, the latter may
be represented by reactive forces or elastic springs in the finite element nodes which generally
resist to vertical and horizontal shifts.

2.5.2.4 If buckling is allowed under compression forces (refer to 2.4.3.9), it is necessary
to reduce flexible members (plates) according to the following scheme:

0,25 of the shorter side of the plate supporting contour adjoining the longitudinal and
transverse beams on both sides are not subject to reduction;

residual (reduced) part of plate is used in calculations with the reduction coefficients:

° ” ﬁ 7;1 h. ” F] 7;1 (2.5.2.4)

where y om = general compressing stresses which act in rigid members (absolute values) in
3 the longitudinal and transverse directions respectively;

R critical stresses in flexible members which cause buckling if they act

simultaneously.
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After reduction of flexible members, the design compression stresses acting in rigid
members shall be determined in the second approximation. If the second approximation of
stresses differs from the stresses of the first approximation by less than 5 %, no more
refinement is needed. Otherwise, the third and further approximations are needed.

253 Girder system calculation.

2.5.3.1 Ingeneral case, calculation of the girder system (grillage, frame) or its separate
elements shall be based on the calculation scheme which takes into account interrelation of
neighboring structural elements.

The beam, plate and beam-and-plate models may be used for the grillage calculation.
Simplified calculation schemes may be used if it is justified.

2.5.3.2 Section moduli and moments of inertia of frames during calculation shall be
determined taking account the effective flange, which thickness is taken equal to its average
thickness in the beam cross section under consideration.

The width of the effective flange & of stiffeners is taken equal to the least of the following

values determined by the formula

A (0% (2.5.3.2-1)
O Mo @ (2.5.3.2-2)
where a __ = considered frame span between supports, in m;

oho = distance of the considered frame from the nearest frames of the same direction which

are located on both sides of the considered frame, in m.

The width of the effective flange of ends is determined by the formula

€
(@)
£

(2.5.3.2-3)

where ko] =  coefficient taken from Table 2.5.3.2 in relation to &, the given length of the frame
span g sand number of frames & supported by the deep member in question.

For simply supported ends the given span a 0, and for clamped ends & Tthpox.
The way in which the framing members shall be supported (fixing or simply supported) is
determined on the basis of general engineering principles proceeding from the actual structure
(brackets, welding of webs, face plates etc) and it is characterized by presence or absence of
bending moment effects in the span point of the member.

Table 2.5.3.2
€ a T
1 2 3 4 5 6 7 and more
06 0,38 0,62 0,79 0,88 0,94 0,98 1,0
03 0,21 0,40 0,53 0,64 0,72 0,78 0,80
Note. For intermediate values of & Fwand &, coefficient 'Qis determined by means of the linear|
interpolation.

2.5.3.3 Transverse section area of stiffeners or girders taking up axial forces shall be
determined taking into account effective flange which width is equal to half-sum of distance of
the frame in question from the nearest frames of the same direction which are located on both
sides.

2.5.3.4 The area of the web cross section shall be determined keeping due note
of cut-outs in the design section (net section).
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2.5.3.5 Usually, sections with the maximum normal, shear stresses or their combination
are taken for design sections. Summation of stresses caused by common and local loads shall
be carried in order to meet strength criteria in Formulae (2.4.2.3.1) and (2.4.2.4-1).

254 Calculation of plates.

Calculation of plating is based on the assumption that they are clamped ends. Usually,
design load is treated as equally distributed over the plate.

On the basis of this assumption the bending normal stresses are determined in the middle
part of the plate which are summed with the common structural stresses in order to meet
strength criterion in Formula (2.4.2.3.1) and maximal bending stresses on the supporting
contour in order to meet strength criteria in Formulae (2.4.2.3.2) and (2.4.2.4-2).

255 Buckling strength of structural elements.

2.5.5.1 Buckling strength calculations are made to meet 2.4.3 criteria. It is
recommended to use calculation scheme taking into account interrelation of adjacent structural
elements for calculation of structural elements buckling strength. Otherwise, the structural
element (girder, frame element, plate, etc.) shall be treated as simply supported along the
contour.

2552 It is necessary to consider deviati
stresses. In such case the critical normal stresses,, are determined by the formulae:

" , at, TigY n (2.5.5.2-1)
. Y pppomoey ¥, atmpyY , chY ; (2.5.5.2-2)
" Y at, ¢y (2.5.5.2-3)
where " = the Euler normal stress, in MPa.

Steel yield strength for shear stresses is T  mv ¥ when the value of the tangential
stresses is determined.

2.5.5.3 When structural members are subjected to axial compression or combined axial
compression and bending, they shall comply with the following requirement:

., XS, T ph (2.5.5.3)

where computed axial compressive stress, in MPa;
computed compressive stress due to bending, in MPa;
: 7 for bending stress, in MPa;
| for axial bending stress, in MPa;
- T for compression or bending, in MPa;
i

critical compressive buckling stress;

~ I

z

, - - shall not exceed , * ;
—=0,61 for static loads;
—=0,871 for combined loads;
ar;

- O

r
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v oo = inelastic column critical buckling stress, in MPa;
v ol = elastic column critical buckling stress, in MPa;
(e = effective unsupported length of the beam, in mm, according to Formula (2.4.3.4);
" = minimum radius of inertia of the sectional area, mm;
(0] = modul us of elasticity of the materi al (You

minimum tensile yield stress of the material, in MPa.

2.5.5.4 Provisioning of the local stability of the framing elements (webs, flange), local
strengthening shall be carried out in accordance with the Rules for the Classification.

2.5.6 Helideck strength calculation.

2.5.6.1 Dimensions of helideck members and its supporting structures shall be
determined according to 6.2 of Part XVII "Distinguishing Marks and Descriptive Notations in
the Class Notation Specifying Structural and Operational Particulars of Ships" of the Rules for
the Classification.
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3 STRENGTH ISSUES SPECIFIC TO PLATFORMS

3.1 SELF-ELEVATING MODU

3.1.1 General.

3.1.1.1 The structural strength of self-elevating MODU shall be tested, on the basis of
criteria mentioned under 2.4, for five design conditions:

survival;

operational;

transit;

positioning at a site;

removal from site.

For positioning at site and removal from site (preloading and pulling out of legs), the safety
factors and strength criteria shall be chosen as for the survival condition.

3.1.1.2 A self-elevating MODU shall have a clearance, in m, not less than

N mpyQ YQ phm (3.1.1.2)

where 9
Yy

extreme wave height, in m, (once in 50 years) for the sea area in question;
extreme tide, in m, for the basin (once in 50 years).

3.1.1.3 When a self-elevating MODU is prepared for a transit condition to last a day or more,
the helideck height "O g g in m, above the calm waterline shall be determined by the formula

Ogs P TA" odn ¢Qjpcp pt ph (3.1.1.3)
where n ny;
Yy = cubic displacement, in mj, of a MODU i n
® = distance, in m, from the farthest edge of helideck to the centre-of-gravity position of

a MODU, as measured along the hull length;
height, in m, of the wave occurring with the periodicity once in 50 years;

Q
T voyage duration, in days, not exceeding four.

3.1.1.4 Wind, wave and seismic loads shall be determined for the most unfavourable
angles of wave propagation and wind attack.

3.1.1.5 When making the dynamic strength analysis of a self-elevating MODU,
the lowest natural frequency (i ) of bending vibrations shall be determined by the formula

r‘1 — - (3.1.1.5)

where leg number;

elastic modulus, in kPa, of leg material;

equi valent mo me nt of i ni esectionaharea with regard o the f
principal centroidal axis (refer to 3.1.2.3);

pontoon mass, in kN;
one leg mass, in kN;

g™
TRRTINT]

—— 0 a p =Eulerload, in kN, upon a leg as a part of a space frame;

gravity acceleration, in m/s];

design leg length, in m, equal to the distance between the leg footing and a point
located at half the distance between the horizontal supports of a pontoon;

supporting pair factor, refer to 3.1.2.2;

correction factor accounting for the effect of leg securing in a pontoon, refer to 3.1.2.4.

@G < 5 g
non

Qo

trans

a

€9
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3.1.2 Design structural diagram of self-elevating MODU.

3.1.2.1 For assessing the stressed condition, idealization of structures on several levels
is used (refer to Fig. 3.1.2.1):

structural frame ("superelement");

leg section under consideration.

a)

Upper support

n

Lower support

Fig. 3.1.2.1
Idealization of self-elevating MODU structures of different levels:
a) structural frame ("superelement”); b) leg section (I) under consideration

3.1.2.2 The leg-seabed interaction is accounted for by the supporting pair factor a
which characterizes the degree of leg embedment with regard to the leg turning in the seabed.

In case of leg bending by low-frequency pattern, the value of & will depend on the leg
parameters and seabed, as described by the formula

a pIp O0OT (3.1.2.2)
where 0 =  coefficient of proportionality between the supporting moment and the turning angle of
the footing;

for'Ohy , referto 3.1.1.5.

3.1.2.3 The moment of inertia 0 of the surface area of a truss-type leg can be referred
to the moment of inertia of an ideal section of all the longitudinal elements forming the leg as

O OF (3.1.2.3)
where 0 mo ment of i nert i sectionin m |, of an i deal

reduced rigidity characteristic depending on the type of structural module, geometrical
characteristics of its elements and relative leg length.
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3.1.2.4 The correction factor depends — on the distance 'Q in m, between the lower
and upper horizontal supports, on the correlation between the bend and shift rigidity of the leg
(where 1 is leg breadth, in m), on the degree of leg embedment in the seabed (refer
to Fig. 3.1.2.4).

In case of a non-typical installation of the lifting mechanism (without dampers, for
instance), a special analysis of the area where the leg is fitted in the hole may be submitted to
the Register for homologation with a correction of vibration frequences and with load
redistribution among mechanisms and supports.

3.1.2.5 The flexibility coefficients 0 shall be determined by the formulae:

for vertical vibrations &

0 p VMO ; (3.1.2.5-1)
for horizontal vibrations &
5 ¢ VTP ; (3.1.2.5-2)
for rotational vibrations &
0 op LAY ; (3.1.2.5-3)
for torsional vibrations o
0 ofp@ i (3.1.2.5-4)
where O

V]
i

seabed shift modulus, in MPa;
Poi ssonds ratio;
foundation radius, in m.

N

0.85 \

dji—0.1 \
l\\
0,80 - — -...\

S ~

| 4103 _/"‘ 7 4 \\
0,75 - ™~ s

~

(VIR
4i1=0.2 ~ ~
7 ~ - N
0,70 -
diI=0,3 /
0,65
0 0.5 10
Fig. 3.1.2.4

Correlation between the correction factor — and the parameters &, Qreh 6 1
6fa mip — — O6F0 T
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Where the foundation is rectangular with the sides 6 0, an equivalent radius shall be
introduced, as follows:

i 6h for vertical and horizontal vibrations;

i 60 fo* for rotational vibrations around the horizontal axis;

i 00 o o for torsional vibrations.

For embedded legs whose friction layer lies at some depth, the flexibility coefficient for
rotational vibrations shall be determined by the formula

0O op LG . (3.1.2.5-5)

3126 The | egsd most | oaded area is |l ocated

the loads from columns are transmitted to the hull.

The bending moment in this area is partially formed by horizontal forces from guides,
partially by vertical forces of the lifting mechanism. Relative contribution of vertical 0 and
horizontal 0 forces is determined by the parameterf :

I O F0 0 . (3.1.2.6-1)
During total strength analysis the hull stiffness may be generally accepted infinitely large

in comparison with the column stiffness. The leg mechanism is presented by rotation spring
with rotational stiffness 0 . In this case the parameter] shall be determined by the formula

f 5 7 (3.1.2.6-2)
where O = shear modulus of the column material;
p = shearing area of the col umn, in mj];
Yy =  distance between the upper and lower guides, in m;
0 -0 (3.1.2.6-3)
where 0

ending stiffness of the column;
shear stiffness of the column.

3.13 Wind loads.

3.1.3.1 Wind loads shall be determined by Formulae (2.3.8-1) 8 (2.3.8-3).

3.1.3.2 It is recommended that the dynamics of wind load application be considered
beginning from the period of natural bending vibrations of the firstmode t+ p ofa ,ins.

In this case, the amplification factor 0  shall be used proceeding from Fig. 3.1.3.2 in which

O 1 M (3.1.3.2)

where ] T U isthe modal frequency of spectral density of wind pulsation;
natural bending vibration frequency of a self- elevating MODU;

relative vibration decrement of self-elevating MODU.

_T
J‘
c
>~
no
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Fig. 3.1.3.2
Amplification factor of wind loads

3.1.3.3 When considering the pulse component of wind loads, the nonsynchronous
character of their effect shall be accounted for by using the factor —.
The nonsynchronous factor of wind loads — is determined by the following formula:
B

- — (3.1.3.3)

where i =  coefficients of correlation between wind pressures on the structures:
a) extended the full width and height of the unit;
b) fitted along the wind direction.

In the first approximation, generalized nonsynchronous factor of wind loads shall be
assumed as —  Td

3.1.3.4 For each stationary mode, the values of internal forces of proportional wind
actions shall be determined:

for a four-legged self-elevating MODU &

0 @ a¢ & ,is the bending moment;

"Y 1ip ¢ , is the shearing force; (3.1.3.4-1)

0 mp ¢ - ¢ a ,isthe axial force;

for a three-legged self-elevating MODU o
0 mp e &¢ & , is the bending moment;

"Y mito & , is the shearing force; (3.1.3.4-2)

0 o ¢ - ¢ & Iis the axial force

where 0 the value for 0, , 0, , refer to Formulae (2.3.8-1) 6 (2.3.8-3);

the clear spacing between legs, refertoFi g. . 1. 2. 1
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3.1.3.5 For each stationary mode, standard deviations of the components of internal
wind pulsation forces shall be determined:
for four-legged self-elevating MODU &

., Tpd -a &7 0 ;
., To@ 4 0 ; (3.1.3.5-1)
, MO —-¢ &7 0 ;

for three-legged self-elevating MODU 9

.  THO® 5 0 ; (3.1.3.5-2)

where 7} = wind pulsation variability coefficient, equal to7 ¢ch vl ;
Ui = frontresistance coefficient of underlying surface, refer to Table 2.2.2.4-1.

3.1.3.6 The scale parameter & of internal forces due to wind is assessed as

w Thpy (3.1.3.6)

3.14 Wave loads.

3.1.4.1 Wave loads on leg elements of self- elevating MODU shall be determined in
accordance with 2.3.9.1. For round and rectangular sections, the values of the inertia
coefficient & and speed resistance coefficient 6 shall not be less than those to be found
in Fig. 3.1.4.1. When rack is available, the resistance coefficient 6 shall be determined by
the formula

8 5 1—L (3.1.4.1)

where bore diameter,
tooth root height;

rack tooth height.

O
&
()

For more complex shapes, the estimated values of the 6 , and 0 coefficients shall be
agreed with the Register.
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Speed resistance coefficient 6 (3,4) and inertia resistance coefficient 6-¢(1,2) for sections:
elliptical sections (round sections where (O p);
————— rectangular sections

3.1.4.2 When determining the wave loads, the effect of marine growth on the structure
shall be considered which manifests itself in the increase of scantlings and the values of 6
and 0 coefficients as compared to those given.

3.1.4.3 The dynamic character of wave load application shall be assessed by means of
curves given in Fig. 3.1.4.3 where] is the average period of surface waves, I is the natural
bending vibration frequency,1 7* is the relative decrement of vibrations.

—Pt—lo,c.s
6 T -
7T el ]
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‘ // // /// 111 — \\\\\
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N
| 7 BRSN
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10.2 04 0.6 0.8 1,0 1,2 14 1.6 1.8 . V=m/p
Fig. 3.1.4.3

Amplification factors of speed and inertia components of wave load

3.144  The hydrodynamic loads on the leg modulus consisting of a combination of
vertical, horizontal and inclined members shall be determined by memberwise summation of
hydrodynamic loads with due regard for the spacing of members, which is equivalent to



Rules for the Classification, Construction and Equipment of Mobile Offshore Drilling Units
and Fixed Offshore Platforms (Part I1)

45

introducing factors to account for wave load influence upon the horizontal and inclined
members‘ and

B B
‘ P ; (3.1.4.4-1)
B B
: P (3.1.4.4-2)
where Q =  transverse dimension, in m, of vertical batten;
&g =  total number of horizontal and inclined members;
‘Qhé& =  diameter and length, in m, of inclined and horizontal members, respectively;
34a = module height, in m;
— = angle, in deg, formed by an inclined member and a plane perpendicular to the direction
of wave propagation;
6 hoé = speed and inertia resistance coefficients of vertical members (bearing battens);
6 hoé = speed and inertia resistance coefficients of inclined and horizontal members.

The values of & hé H H shall be determined for the design course angle ¢ in
accordance with 3.1.4.6.

3.1.4.5 For the purpose of wave load calculations, there may be omitted:

inertia component where

Q Qs M T6 o6 N (3.1.4.5-1)

speed component where

Q cpQd M T 0 (3.1.4.5-2)

where 6 and6 = form ordinate values of leg vibrations of a self- elevating MODU on the level of the
applicate of wave pressure resultants corresponding to the inertia and speed
components:

6 o6ifa & TOp B;
6 oifa ¢ Op BT,

op a ca q

6 -3 = @t ——
T O0a a T 0a T 0a
o = to be measured from the footing upwards, in m;
1 o = average frequency of surface waves;
B GOl
q) = distance, in m, from leg footing to calm water level.

3.1.4.6 The stressed condition of structures of a self-elevating MODU shall be assessed
for the most unfavourable course angles denoted later as design angles. The design course
angles » shall be assessed on the basis of the following formulae:

for four-legged self-elevating MODU &

e - ¢Q phQ phhoftn (3.1.4.6-1)
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for three-legged self-elevating MODU &
e  -¢Q phQ phgho (3.1.4.6-2)
where Q = direction number.

3.1.4.7 The standard values of speed components of wave loads for design course
angles shall be determined on the basis of the following dependences:
for four-legged MODU &

) Mmoo , V&g &r ;

. mxa ., O ; (3.1.4.7-1)
, mx®m , 0O Ar ;

for three-legged MODU &

n o , 0 ag ar ;

" 6, 0l ; (3.1.4.7-2)

. plx6 , O HOC &r ;

where ” pstpma 6 1QQ
A = number of vertical members;
0 = amplification factor of wave loads, to be determined from Fig. 3.1.4.3;
[ andfp =  factors accounting for the effects of leg spacing upon wave loads;

=P AT100 TQ;
=P AT100 TQ;
l“)r MZU,

O, Woj o b.

3.1.4.8 The static characteristics of internal forces generated in leg structures, which
are in accordance with the inertia component of wave loads for the course angles mentioned
under 3.1.4.6, shall be determined by Formulae (3.1.4.7-1) and (3.1.4.7-2), with
substituting 6 for6 ,, for

., pEPTAaS " Y (3.1.4.8)

where Y = sectional area, in mJ, of vertical member con
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3.1.4.9 The distribution parameters of the static internal forces ¢ and Q due to wave
effects in each stationary mode shall be determined on the basis of curves to be found
in Fig. 3.1.4.9, a and b proceeding from the value of the relationship

S |/ — (3.1.4.9-1)

The parameter of,  in Fig. 3.1.4.9 shall be determined on the basis of Fig. 3.1.4.13-1.

a)

ko
/

16 //

14 //

’ / //

1,0 l

0 04 0.8 12 16 20 24 oyle,

b)
O] ” 4 ]

30 /

y /
22 / /
18 //
b o

L]

10

0.4 0.8 1.2 16 20 24 ©ulc,

Fig. 3.1.4.9
Dependence of Weibull distribution parameters 'Q and ¢ on the relationship ,, 7,

Static values of & and "Q shall be specified on the basis of dynamic effects by the formulae:
T — (3.1.4.9-2)

0w wuvf T (3.1.4.9-3)
where 0 1M

3.1.4.10 For each stationary mode, the extreme values of alternating internal forces shall
be determined in the design leg cross section under the combined effects of waves and wind:

6o o 1t p 1 T (3.1.4.10-1)
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Yoo 1t poi : (3.1.4.10-2)

0 ©o 1§ p 1 (3.1.4.10-3)

=
>0
@
)
e
e
e
I

distribution parameters of wave bending moments, shearing and axial forces,

respectively;

f I ()

3 p MQ1T =  volume of sample corresponding to a stationary mode occurring at regular
intervals;

3 p MQI = volume of sample for the operating mode.

3.1.4.11 For each stationary mode, the values of internal forces shall be determined with
due regard for the static effects of wind, pontoon weight and tide forces which shall be added
to the values obtained by 3.1.4.10, namely:

Og O 0 0 0 ; (3.1.4.11-1)
Y Y Y (3.1.4.11-2)
Og O 0 0 0 (3.1.4.11-3)
where 0 and0 = bending moments and axial forces due to pontoon weight, respectively;

ford ,"Y, 0 referto 3.1.4.10;
ford ,"Y,0 referto 3.1.3.4;
ford ,"Y, 0 , referto 3.1.5.

3.1.4.12 The greatest value obtained by 3.1.4.11 will be considered the design value.
3.1.4.13 In shallow water, the standard deviation of the inertia component of wave
load, perleg will be determined by the formula

, plxipma 6 "YQ WXO (3.1.4.13)
where Q c¢“71.f

the standard deviation of the velocity component of wave load , per leg will be
determined from the curve in Fig. 3.1.4.13-1.

The applicates of the resultants 0  and 0 (counting from water level) will be determined
from Figs. 3.1.4.13-2 and 3.1.4.13-3, respectively.
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oG h3YCordy
1.90

1.80

170

1,60

1,50

140

Fig. 3.1.4.13-1
Relationship between, 7Qr 6 ‘Q and parameter 0 TQ

Zoal K
0,50

0.30

0 1 2 3 4
@ =Hao'/g

Fig. 3.1.4.13-2
Relationship between & FOand parameter 0 TQ
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ZagnlH

0,50

0,451 ™~

0,40
0331 \
0,30

0,25 ™~

o i 2 3 4
&= Ha'lg

Fig.3.1.4.13-3
Relationship between ¢ 7TOand parameter 0 TQ

3.15 Current loads.

3.1.5.1 At an optional leg cross section, the internal forces generated by the continuous
component of current will be equal to the following:

for a three-legged self-elevating MODU (¢ o mnd
0 068 ¢- &;
0 Mo 6 G0 ¢ & ; (3.1.5.1-1)
Y U O;

for a four-legged self-elevating MODU (¢ Yo

0 Mgh 6 ot ¢- & ;

0 cO6a ¢ & ; (3.1.5.1-2)
Y 06

where 0 "6 TOU X,

O, = water depth, in m;
current velocity, in m/s;

value of the d Jh4SpmsedieniQi(.refer to

c-
e
1

o-
1
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3.1.5.2 Under the combined effect of wind and tide, an approximation is possible, as
follows:

0g 0 ¢O0 0 0 (3.1.5.2)

=
>
I}
=
@
c
I

=  speed component of wave loads, determined in the following way
O OlE 7

where ¢, and0 =  scale parameters and Weibull forms of distribution determined in
accordance with diagrams to be found in Fig. 3.1.4.9.

3.1.6 Seismic loads.

3.1.6.1 Insome areas, the seismic loads on a self- elevating MODU can be comparable
to wave loads.

The integral seismic effect on a self-elevating MODU shall be determined by the formula

0 0 1gh (3.1.6.1)

=
>
@
=
@
[t
1

reduced mass of a pontoon;
maximum value of acceleration amplitude;
generalized dynamic coefficient as adopted from Fig. 3.1.6.1.

Bz
13

1.2

1.1
10

0.9

. 0
0,8 LK
0.7

0.6
0.5

] 15 20 25

Fig. 3.1.6.1
Generalized dynamic coefficient:
—0 bearing frequency of axilogram;
0 & lowest frequency of horizontal vibrations

3.1.6.2 The ultimate load 0® , which a self-elevating MODU can withstand is
determined by the formula

0% &0 p -0—=2 (3.1.6.2)
where £ = leg number;
0 = ultimate load upon leg modulus, to be determined on the basis of considering

the kinematic condition of the modulus. For a typical truss of a self-elevating
MODU w itypencongections;
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0 clo ey “00
where Y = design yield strength, in MPa, of diagonal bracings;
O ando = diameter and thickness, in m, respectively, of diagonal bracings;
a = leg length, in m;
Q = distance, in m, between the upper and lower shaller;
a =  supporting pair coefficient (refer to 3.1.2.2).

3.1.6.3 Safety factor for seismic loads:
in case of earthquakes occurring once in 100 years &

O 0% 70 ploy (3.1.6.3-1)
in case of earthquakes occurring once in 500 years &
o 01 p. (3.1.6.3-2)

3.1.7 Pre-loading and pulling out of the legs.

3.1.7.1 Considerable forces may be generated in the structure of a self-elevating MODU
during pre-loading and pulling out of the legs. Due to this, a strength analysis of the legs and
pontoon shall be carried out.

The analysis shall be aimed at the following:

determining the permissible levels of controlled parameters (heel and trim angles)
proceeding from the conditions of leg strength;

testing the strength of pontoon structures when resting on diagonal supports in the case
of a four-legged self-elevating MODU, or on the basis of the deadweight with due regard for
the ballast taken in the pontoon compartment in the case of a three- legged self-elevating
MODU.

3.1.7.2 The permissible values of heel and trim angles shall be determined on
the assumption that, when pulling out the legs, the actual stresses in the most stressed points
of the structure will not exceed the permissible values.

When drawing up the strength provisions, the most dangerous locations of the points of
the pontoon reactions application on the leg modulus height, and the most stressed areas of
the structure shall be considered. Among these are the supporting sections of horizontal struts
and bracings, as well as the midspans of vertical struts of legs.

3.1.7.3 The forces by which the interaction of leg and pontoon is manifested will be
determined proceeding from the condition of ensuring concurrent movement of the pontoon
and legs, and shall be characterized by heel and trim angles, as well as by the vertical axial
force.

When determining unknown forces, gravity forces and the coordinates of the application
point of the gravity force resultant shall be considered, as well as the floatability forces and
the under-water hull shape, forces and moments generated in the supporting section of the leg
as a result of interacting with the seabed.

3.1.7.4 The range of permissible values of heel and trim angles, and of the axial force
will be determined proceeding from the strength conditions. These characteristics shall be
considered the basic data for drawing up the service manual.

3.1.7.5 Where the axial force value is specified, the permissible values of heel and trim
angles shall be determined by the procedure described in 3.1.8.3 assuming buoyancy forces
to be zero and the force vector to be opposite to that of the forces generated during
the pulling out.
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3.1.8 Stressed condition of legs.

3.1.8.1 The leg strength analysis is aimed at determining the stressed condition of the
structure where the legs are attached to the hull of the self-elevating MODU and where they
are embedded in the seabed.

The leg structure shall be idealized as a space frame system.

The stressed condition of leg structures shall be analyzed by methods which would make
it possible to consider the peculiarities of the stressed condition of leg components, for instance,
by the finite element analysis. In this case, the structure of pontoons and holes for legs can be
considered to be absolutely rigid.

3.1.8.2 As the leg area by which the former is attached to the hull, a leg section shall be
considered which is limited from below by a cross section lying below the lower shaller at
midlength between the upper and lower shaller, and from above it is limited by a cross section
removed by mit, Qupwards from the uppermost point of contact with the upper shaller, or by
the end cross section of the leg (refer to_Fig. 3.1.2.1).

3.1.8.3 As the dynamic utmost conditions for the lowest cross section of the leg area
considered, the integral forces and moments shall be adopted which are determined on
the simplified model of a self- elevating MODU (refer to 3.1.2.1).

When setting up restrictions for the vertical movements within the lower section of the leg
area, to be included in the dynamic utmost conditions are vertical forces transmitted to the leg
by the jacking system. The value and application pattern of these forces will depend on
the design of the jacking system, type of its attachment to the hull of the self-elevating MODU
and the possibility of non- uniform distribution of these forces being prescribed to ensure
the tooth strength conditions.

3.1.8.4 As a result of analysing an idealized leg construction attached to the pontoon
hull, the values characterizing the movements and internal forces in the assemblies of the bar
system will be determined, as well as those of response and stress distribution in the structural
components.

The stress analysis for the components of the most stressed moduli shall be effected
through the height of three cross sections at midlength and at supporting sections.

3.1.8.,5 As the embedded leg area, the leg section shall be considered whose upper
side is limited by a cross section lying within Tv'Qfrom the connection line of leg and footing.

For modelling the leg footing or another similar structure forming part of the lower end of
the leg, an idealization shall be used to generate a plane stress in the components of
the structure. Dynamic utmost conditions shall be prescribed for the upper end of
the considered leg section in the same way as under 3.1.2.1. As a result of the analysis,
the values of internal forces and movements shall be obtained and the stress distribution
established.

3.1.8.6  Where the provisions of 3.1.8.2 1 3.1.8.5 cannot be complied with in view of
principal differences from the above calculation procedure, a calculation procedure taking into
account the structural peculiarities of the self-elevating MODU may be submitted to
the Register for homologation.

3.1.9 Loads on self-elevating MODU legs in transit

Where in transit the legs are mostly completely upturned. Combination of inertia loads
during rolling or pitching together with wind load provokes extensive bending moments and
axial forces in the legs as well as considerable jet forces in the portal and hull structures.

Rolling parameters may be obtained either based upon the results of model tests or
calculation. One shall regard the results of rolling parameters calculation very carefully due to
the non-conventional peculiarities of pontoons of self-elevating MODU that cause a number of
non-linearities.
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For the calculation in transit conditions the following shall be taken into consideration:

inertia forces corresponding to the specified amplitude of rolling or pitching with natural
period of platform;

static forces corresponding to the maximum inclination of legs during rolling or pitching;

specified wind forces.

Effect of rolling, drifting or yawing shall be considered by means of introduction of
the correction coefficient]  ph.

Rolling or pitching is assumed to be calculated with the aid of the relation

— —OE+ (3.1.9-1)
where 0 = time,ins;
Y = natural period of rolling or pitching;

amplitude of rolling or pitching, in deg.

It is considered that the oscillation center is located within the water line level.
Acceleration of lumped masses at the distance i, in m, from the oscillation center,inm/ s | ,
is determined as follows:

&) ¢rTY — OB+ (3.1.9-2)

Amplitude values of the forces per the leg unit length are determined by & coordinate:
transverse forces o

O & G OEFS static force;

'O & &a- Qo6 inertia force; (3.1.9-3)
O - 86 o aAil-©6 & wind force;

longitudinal forces @

O 4 aOAT-& static force;

'O & a- Q& inertial force (3.1.9-4)
where aa = unit mass;

@ & = wind velocity at & level;

Q =  acceleration of gravity force;

¢TyY

When reducing the forces to resultant values the intrinsic moment of inertia of the structure
in question shall be taken into consideration, e.g., when reducing the leg section with length a
and mass per unit length &, the intrinsic moment of inertia 0 is equal to the following:
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Natural period of rolling or pitching may be determined by the formula

Yo i @ T'Q00 (3.1.9-5)
where i = radius of inertia for rolling or pitching in relation to the axis located in the water line level,
in m;
() =  vertical distance between the water surface and true rotation axis during rolling or
pitching, in m,
"0O0 = transverse or longitudinal metacentric height, in m.

The distance & for preliminary analysis may be accepted between the water surface and
centre of gravity.

The radius of inertiai may be determined as follows:

i 070 (3.1.9-6)

where ‘O O 'O "Oi moment of inertia of the masses with regard to relation of rolling and pitching;

0 £0 0 1 mass;

s M-

the number of legs;

moment of inertia of the leg masses;
moment of inertia of the hull mass;
added mass of the moment of inertia;
mass of the leg;

mass of the hull.

(]
K©)
K©)
o
5

3.1.10 Leg pounding against seabed during self- elevating MODU positioning
at a site.

During preloading and pulling out the leg may be subjected to pounding against seabed,
caused by the unit rolling.

Pounding force caused by rolling may be determined by the simplified method based on
the following:

only one leg touches seabed;

the lower end of the leg comes to a stop immediately upon touching seabed;

seabed is extremely hard.

The unit rotation energy is absorbed by the leg structure that gives the pounding force 0:

0 — 00 (3.1.10-1)

where Ko

0

moment of inertia of the unit mass in relation to rolling or pitching;
amplitude of rolling;
total transverse stiffness of the leg.

The result will depend on wave condition intensity and water area depth.

The maximum permissible pounding force may be determined on the basis of strength
criterion. The maximum permissible amplitude of rolling and pitching during preloading and
pulling out shall be as follows:

— Y ¢ 0. (3.1.10-2)
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3.1.11 Ice strength of self-elevating MODU legs.

Generally, self-elevating MODU are not designed for ice operation. Nevertheless,
prolongation of the period of self-elevating MODU operation in ice inclusive leads to necessity
of safety assuring in view of prolongation of drilling time.

For solving this task it is necessary to identify the intensity of interaction of the ice field with
the mass @ moving with the speed U , and self-elevating MODU structures. At this, one shall
consider flexibility of the self-elevating MODU leg.

As the load from moving ice fields the least of the two following shall be taken: that of
the field stop or breaking the ice.

3.1.12  Vortical loads.

Vortical loads are determined for "permeable" structures in relation to critical wind
velocities determined from the following formula:

in the direction normal to the wind flow

0 — (3.1.12-1)
where Y = natural period of vibrations of the structure in question;
YQ = Strouhal number;
Q = cross-sectional dimensions of a structure;

in the direction along the wind flow
0 _— (3.1.12-2)

The value of Strouhal number is determined by the sectional shape of a structure, angle
of inflow and dimensionless Reynolds number:

YQ —

where 0 = air kinematic viscosity coefficient.

The relationship "YQ "YQ for a particular nonstandard structure shall be determined by
model experiments. Where the experimental data are not available, expert appraisals are
recommended. In the first approximation the following formula may be used:

6"YQ mit gpzQ " (3.1.12-3)

where 0 = head drag coefficient of the structure in question.
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3.2 SEMI-SUBMERSIBLE MODU

3.2.1 General.

3.2.1.1 In accordance with 2.4, the structural integrity of a semi-submersible MODU
shall be tested for three different modes:

survival;

operation;

transit;

according to 2.4.

General recommendations concerning loads to be assigned during each of the above
modes shall be found under 2.3.

3.2.1.2 A unitin the survival mode shall have a clearance "Q, in m, determined as

Q Qi (3.2.1.2)
where Q = maximum wave height, in m, for the particular area of operation in question (once in 50 years).

3.2.1.3 For assessing by the fatigue strength criterion, the whole of the long-term
distribution spectrum 0 "QRY for the area in question or an area with the severest wave
conditions shall be used, as well as the service life of the unit as a whole.

3.2.1.4 The wave load represents a system of mutually balanced hydrodynamic loads
on the surface of the unit and of three-dimensional inertia loads due to the proper weight of
theunit, which are generated by the unitéos

For determining the loads, the linear theory of rolling in waves may be applied.

3.2.1.5 When making hull strength calculations for a semi-submersible MODU, one shall
be guided by the provisions of 2.5 and by the instructions below.

3.2.1.6 Any damage to a primary hull member or bracing shall not involve a collapse of
the hull of the unit. The Register may require for calculations to be submitted to confirm that
the hull strength will be ensured with a primary hull member or bracing damaged under external
loads corresponding to the maximum loads during a year for the area of operation in question.

3.2.1.7 Watertight submersible or semi-submersible hull structural elements
(compartments) shall be equipped with the watertightness break detection facilities.

3.2.2 Global loads.

3.2.2.1 The global loads upon the hull of a unit in waves may be determined by means of
a calculation procedure approved by the Register and taking the rolling of the unit and the random
character of waves into consideration, or by an experimental procedure based on special model tests
which ensure the dependability of results and their adequacy as compared to those of full-scale testing.

3.2.2.2  Global wave loads may be represented as distributed loads or design values of integral
characteristics of load components with indication of calculation methods for the relevant distributed

loads and design load combinations to determine the global stresses for each design mode of operation.

The distributed loads which are generally determined in respect of an idealization of
the hull of the self-elevating MODU used for rolling calculations and to determine the deflected
mode of hull structures shall be transformed bearing in mind the adopted idealization and the
realization of the finite element method applied.

3.2.2.3 Asthe integral characteristics, the four components of the wave load are generally
considered: 0 the symmetrical component; 0  the oblique-symmetrical component; 0 the torque
acting in the centre plane of the unit; and 0 the shearing force applied to one fourth of the unit
length in the long-term distribution of wave modes or their dispersion in a stationary mode.!

1 These components are present in a semi-submersible MODU of classical type whose structure includes two
pontoons, 4 1 8 stability columns, upper hull and, generally, bracings.
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3.2.2.3.1 The integral characteristic of the symmetrical horizontal component of load:

0 -.. N N Qu v. (3.2.2.3.1-1)
The relevant horizontal distributed load, in t/m,

R 0 X,andqp O T O 10 (3.2.2.3.1-2)
is applied in the waterline plane when in the transit mode and in the pontoon deck plane

when in the operating and survival modes.
3.2.2.3.2 The integral characteristic of the asymmetrical component

0 - /4 n Qo 0. (3.2.2.3.2-1)

The relevant distributed load is represented in each pontoon section by the distributed
vertical force 1}, in t/m, and moment 0 , in t:

n 0 70, and O 07 & 6 (3.2.2.3.2-2)
and
A 0 70,andd 0 (3.2.2.3.2-3)

with ; applied in the centre plane of the pontoons and with O acting with regard to
the crossing line of the pontoon centre plane and the waterline when in the transit mode, and
of the centre plane and the pontoon deck plane when in the operating and survival modes.

3.2.2.3.3 The integral characteristic of the torsional component (in the centre plane of
the unit):

0 -, ®wn 1 Qo 0. (3.2.2.3.3-1)
The relevant vertical distributed forces, in t/m:

n —wandnp — (3.2.2.3.3-2)

are applied in the centre plane of the pontoons.
3.2.2.3.4 The integral characteristic of the symmetrical vertical component

0 - n N Qw 0 . (3.2.2.3.4-1)
The relevant vertical distributed forces, in t/m:
non ¢C'O T AT © (3.2.2.3.4-2)

are applied in the centre plane of the pontoons.






























































































































































































































