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A GENERAL
1 APPLICATION

1.1 The present Part Il — Hull applies to steel welded hulls of naval displacement
ships with maximum speed meeting a condition:

Ve < 7.20 - V%197 Tknots] (1.1)

1.2 The allowable ranges of the ship main dimensions and their ratios are speci-
fied, where necessary, in relevant Chapters of the present Rules for the Classifica-
tion and Construction of Naval Ships (further referred to as the Rules). Ships and
structures of unconventional design or those exceeding limits of parameters speci-
fied in the present Part of the Rules will be considered by the PRS.

1.3 The present Part II of the Rules may also be applied to hull structures made
of aluminium alloys. Application of materials other than aluminium alloys will be
separately considered by PRS.

1.4 The present Part of the Rules includes basic, additional and special require-
ments. Compliance with basic requirements (Chapter B), in an applicable scope, is
obligatory for assignment of the main symbol of ships’ class.

Additional marks in the symbol of class determining the designation of a ship,
application of ice strengthening and adaptation of the hull structure to specific
operating conditions will be affixed, provided the additional requirements (Part C)
are complied with, where applicable.

Note:

In the present Part Il references made to other places in Part Il are supplemented with relevant letter
(A, B or C), describing section, to which the reference relates. The letter is not given when the refer-
ence relates to the paragraph contained in the same section.
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Hull — A General

DEFINITIONS AND DESCRIPTIONS

21 Genera

Definitions relating to general terminology applied in the Rules are given in
Part I — Classification Regulations. The present Part of the Rules introduce addi-
tional definitions and descriptions relating to the hull.

2.2 General Descriptions

FP —

AP —

BL —

forward perpendicular — the perpendicular at the intersection of the
waterline corresponding to design draught with the fore side of the stem.
For ships with unconventional stem curvature, the position of the forward
perpendicular will be specially considered by the PRS.

after perpendicular — the perpendicular at the intersection of the water-
line corresponding to design draught with the axis of the rudderstock or
with transom line ( in case of ships without classic rudders).

baseline — horizontal plane which amidship crosses the top of a flat keel
or the intersection of the inner surface of the plating with the bar keel.

design length of the ship, [m] — the length of the ship measured on
a waterline plane corresponding to design draught from the fore edge of the
stem to the axis of the rudderstock (to the transom — for ships without clas-
sic rudders). The assumed value of L, is not to be les than 96% of the total
length of the hull measured on a waterline plane as above, and must not be
greater than 97% of that length. If a shape of the ships’ bow or stern differs
from usually applied, the length L, — will be specially considered by PRS.

length of the ship measured on a waterline corresponding to
design draught, [m] — the distance measured on this waterline from the
fore edge of the stem to the point of intersection of the waterline with the
after edge of the stern (transom).

length between perpendiculars, [m] — the distance between the fore
and aft perpendicular.

moulded breadth of the ship, [m] — the greatest moulded breadth
measured between the outer edges of frames.

design draught, [m] — the vertical distance measured amidship from the
baseline to the waterline at the maximum anticipated draught of the ship in
normal service conditions.

moulded depth, [m] — the vertical distance measured amidship from the
baseline to the upper edge of the uppermost deck’s beam. For the ships
with the rounded connection of the deck stringer and the shear strake, the
moulded depth is to be measured to the intersection point of the deck line
and side line extensions.
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Vimax —

G

Where the upper deck is stepped, and through the point, in which the
depth is to be assumed, passes upper part of the deck, the moulded depth is
to be measured from the reference line constituting extension of the lower
part parallel to the upper part of the deck.

moulded displacement, [t] — the weight of the ship, in tonnes, as the
weight of water of capacity equal to the capacity of the submerged part of
hull. If not defined otherwise salt water density of 1.025 t/m” is to be assumed.

full displacement of the ship, [t] — the displacement of fully
equipped ship, with the crew, cargo, full supply of munitions, provisions
and full stores of fuel, lubricants and boiler water.

volume of the moulded displacement [m’] — the volume of a body
defined by the external edges of frames at draught 7.

moulded block coefficient — the coefficient calculated from the for-
mula:

V
S=—0t
L BT
maximum speed, [knots] — the speed achieved under continuous maximum
power of the propulsion, at draught 7, on still water.
ship speed, [knots]— the service speed of 0.9 v,,,...

standard acceleration of gravity [m/s’] — may be assumed as equal
to 9.807 m/s’.

material yield point, [MPa] — see Part IX — Materials and Welding.
material factor — a factor depending on material yield point — see 2.2.1.

elasticity (Young) modulus, [MPa] — for steel may be assumed as
equal to 2.06 - 10°, [MPa].

shear (Kirchoff) modulus, [MPa] — for steel may be assumed as equal
to G=7.9-10°, MPa.

X, ¥,z — co-ordinates of a point in the ship, [m]-—see Fig. 2.3.1.

2.3 Co-ordinate System

231

In the present part of the Rules, the co-ordinate system, as can be seen on

Fig. 2.3.1, has been assumed, which has the following reference planes: baseline,
centreline and midship section.

The intersection of the centreline and the baseline forms the x axis of the posi-
tive sense forward.

The intersection of the baseline and midship section forms the y axis of the
positive sense towards port side.
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The intersection of the centerline and midship section forms the z axis of the
positive sense upwards.

Fig. 2.3.1 Ship co-ordinate system

2.3.2  Other ship co-ordinate systems, specified separately, are also applicable to
the present part of the Rules.

2.4 General Definitions

Moulded deck line — intersection line of surfaces defined by the external edges
of deck beams and side frames. In the case of rounded deck corner, this is an inter-
section of extensions of these surfaces.

Deck erection — a part of the ship located above the upper deck, consisting of
walls and covering deck. Deck erections are divided to superstructures, deckhouses
and chests.

Superstructure — a decked structure on the upper deck, extending from side to
side of the ship or with one side or both being inboard of the ship sides not more
than 0.045.

Depending on their location along the ship, the following definitions are applied:

Forecastle — an erection extending aft of the bow.

Poop — an erection extending forward of the stern.
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Midship superstructure — an erection located partly or totally within the mid-
ship portion of the ship, it may be connected with the forecastle or the poop.

Midship plane — a transverse plane at the middle of the distance between the
fore perpendicular and the aft perpendicular.

Platform deck — lower deck extending over a part of the ship’s length or breadth,
which does not need to be watertight.

Lower deck, 'tween deck — the deck situated below the upper deck. Where
there are several lower decks, they are named: the second deck, the third deck, etc.,
counting from the upper deck.

Upper deck — the uppermost deck extending over the full length of the ship.

Bulkhead deck — the uppermost deck to which the main transverse watertight
bulkheads are carried.

Superstructure (deckhouse) deck — the deck forming the top of a superstruc-
ture. Where the superstructure 1is divided into several tiers, the superstructure
decks are named: first tier superstructure deck, second tier superstructure deck,
etc., counting from the upper deck.

Weather deck (open) — each open deck or part thereof, which may be exposed
to the effects of sea and weather.

Strength deck-— the upper deck. Where it is covered by a midship superstructure
which has the length not less than 3(0.5B + /), the midship superstructure deck is
considered as the strength deck within this portion (4, [m] — the vertical distance
between the upper deck and the midship superstructure deck in question). Any
other deck may be defined as the strength deck within the given length of the ship
upon special consideration of the ship’s sides shear strength.

Deckhouse — a decked structure on the upper deck (or superstructure deck), with
the sides being inboard of one or both ship sides more than 0.04 B.

Chest — a deck erection located similarly as a deckhouse, but without doors, win-
dows and other similar openings in external walls.

Ship’s end — a portion of the ship within x < - 0.4 L, or x > 0.4 L,. Where the
extent of the portion in question is different, its co-ordinates are given in each par-
ticular case.

Midship portion — the ship portion of length equal to 0.4 L, (within x <—-0.2 L,
or x > 0.2 L,) symmetrical in relation to the midship plane. Where the extent of the
portion in question is different, its co-ordinates are given in each particular case.

Design waterline — a waterline corresponding to a design draught.
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2.5 Dé€finitions of Structural Members

Wash bulkhead — a perforated or partial bulkhead in a tank.

Watertight bulkhead — the transverse bulkhead dividing the hull into watertight
compartments.

Side structure — shell plating including stiffeners and girders, between the up-
permost deck reaching the side and upper turn of bilge in the case of single bottom
or inner bottom plating in the case of double bottom.

Bulkhead structure — transverse or longitudinal bulkhead plating, including
stiffeners and girders.

Single bottom structure — shell plating with stiffeners and girders below the
upper turn of the bilge.

Double bottom structure — shell plating and inner bottom plating including
stiffeners, girders and other elements below the top of inner bottom.

Superstructure (deckhouse) structure — wall plating, including the stiffeners
and girders.

Deck structure — deck plating, including stiffeners and girders.
Stiffeners — a general name for structural members supporting directly the plating.

Simple girder — a girder, the conditions of ends fixation of which are known
with sufficient accuracy and therefore it may be regarded as a member separated
from the adjacent girders system.

Girders — a general name for structural members supporting the stiffener systems
or other girders.

Main frames — side frames located outside the peaks area connected to the floors
or the double bottom and carried to the lowest deck or side stringer if it is regarded
as the frame support.

Tween deck frames — frames located between the supporting side stringers,
between the supporting side stringer and the nearest deck or between the two
decks, including superstructure decks.

Further in the present Rules, the general names for structural members as defined
above (girder, stringer) are used interchangeably with traditional terms due to loca-
tion and function of a given member (e.g. frame, longitudinal, beam, stringer, floor).

2.6 Other Definitionsand Descriptions

Definitions and descriptions of not general character, appearing in particular
chapters and sub-chapters are indicated and explained in those parts.
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3 SHIPSHULL TECHNICAL DOCUMENTATION

3.1 Technical Documentation of Ship’sHull under Construction

Prior to beginning the construction of the ship’s hull, the documentation, speci-
fied in 1.4.2, is to be submitted to PRS for consideration and approval in the scope
depending on the ship type, her equipment and outfitting. The PRS may extend the
scope of the documentation upon examination of the ship technical specification
and general arrangement plan.

3.2 Hull Documentation

A

o

Data on the longitudinal, zone and local strength;

— Dbasic theoretical data: body lines, hydrostatic curves,

— calculations of maximum still water bending moments and transverse
forces acting in the hull sections,

— mass of light ship and its longitudinal distribution,

— intended load conditions and mass distribution of cargo and provisions
on the ship”,

— minimum and maximum draught of the ship in service and correspond-
ing trim,

— load on deck, hatch covers and inner bottom if different from those
given in the Rules,

— maximum density of intended tank cargo or provisions,

— heights of air pipes, measured from the tank tops or from the decks
above which these pipes are carried,

— mass of heavy machinery equipment and armaments,

— other local loads or forces which may affect the hull structure.

Midship section with characteristic cross-sections, including main dimen-

sions of the ship, full requested symbol of class, and other data such as speed,

number of crew, etc.

Longitudinal section with specified frame spacing, location of watertight

bulkheads, pillars, superstructures and deckhouses.

Shell expansion, including arrangement of girders, stiffeners, bulkheads,

decks and platforms, as well as arrangement and dimensions of shell open-

ings; the extent of bottom flat portion of the ship’s fore part is to be shown

in the drawing (if exists).

Structural drawings of decks and platforms, including the arrangement and

dimensions of the openings.

Structural drawing of the double bottom.

Structural drawings of longitudinal and transverse bulkheads, as well as the

tank bulkheads, including the height of tank overflow and air pipes.

" Applicable for ships of L > 65 m.
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0
A1

A2
A3

14

A5

Structural drawings of the engine room region, including foundations of
main engines and boilers, as well as the bottom structure under the founda-
tions, tanks, pillars, strengthening, e.g. for upper fastening of the engine;
type and rating of the engine should be given, the guidelines of the engine
manufacturer concerning the foundation should be considered.

Drawings of aft portion and stern indicating the distance from the propeller
to stern and rudder.

Drawings of forward portion and stem.

Drawings of supports and exits of propeller shafts, suspension of rudder
and fixed propeller nozzles.

Structural drawings of superstructures and deckhouses.

Structural drawings of armament system elements, rolling stabilizers and
foundations for steering-propelling equipment.

Tables of hull welding unless all data and dimensions concerning the weld-
ing are specified in the design drawings.

Descriptions, drawings and test programs of innovative technological proc-
esses, design of structural joints and applied materials.

Moreover, the following technical documentations is to be submitted:
.16For ships designated to carry vehicles:

— plan of the arrangement and securing of the carried vehicles, including
the maximum axle load and forces in sockets and catches of the vehicle
securing equipment,

.17 For ships carrying containers:

— arrangement plan of containers, including the data on their maximum
mass and strength standard,

— fastening plan of containers, including sockets, stays and supports,

— drawings of supporting structures, including cell guide structures and
adjacent structures of hull, as well as container sockets and other sup-
port with necessary reinforcements of hull structure,

— calculations of maximum forces and stresses in container supports, in
adjoining hull structures, cell guides, lashing, etc.

.18 For ships mooring to other ships at sea:

— data on means attenuating hull impacts.

.19 For the ships performing loading operations at sea (including RAS, VER-

TREP supply):

— data of equipment applied for the purpose;

— data on loads occurring in this equipment and in accompanying installa-
tions.

.20 Other, not listed elements of equipment, which may affect the hull structure.

3.3 Hull Documentation of Ship under Alteration (M oder nization)

Prior to beginning the ship alteration, the documentation of ship parts to be al-

tered is to be submitted to PRS for consideration and approval.
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3.4 Workshop Documentation of Ship

Upon approval of documentation listed in 3.2, the following workshop docu-

mentation is to be submitted to the PRS for consideration and acceptance:

diagram of hull subdivision into sections and blocks, as well as the plan of as-
sembling sequence,

plan of non-destructive tests of welded joints,

plan of hull tightness tests,

drawings showing passage of pipelines, ventilation ducts and cables through
hull plating, bottom, decks, bulkheads, girders, etc.,

drawings of local strengthening under gear and machinery not shown in classi-
fication documentation,

specification, drawings and test programme for innovatory engineering proc-
esses, solutions of structural nodes and materials applied,

programme of mooring and sea trials.
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4 SCOPE OF DIRECT CALCULATIONS

4,1 Calculations

Direct calculations of the hull loads (by ship hydromechanics method) and the
hull response to the loads (usually by FEM — finite elements method) may be re-
quired in situations defined in Chapters B/14 to B/17, and in Section C.

For hulls of ships and other floating objects with features or dimensional pro-
portions considered as non-typical, during appraisal of their technical documenta-
tion, direct calculations may also be required by PRS.

4.2 Presentation of Calculations Results

4.2.1 In the case where direct calculations of loads, or of structure response to

the loads, have been applied, following information shall be submitted to PRS for

consideration:

— description of applied calculation method and computer software (especially
important in case of direct loads calculations);

— description of the structure's model for FEM calculations (parameters of struc-
ture elements, boundary conditions, loads);

— concise report on obtained calculations results).

4.3 Mode Tests

In case of determining loads or the structure response to the loads on the basis
of model tests, the following information shall be submitted to PRS:
— description of applied measurements method;
— description of the tested model;
— description of the apparatus applied;
— description of measuring apparatus calibration procedure;
— tests' input data (e.g. load in case of measurement of the structure response);
— report on measurements results (in the form of tables, diagrams, etc.);
— scaling of the results to actual object.
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5

RANGE OF SURVEY

5.1 General principles for supervision over construction and surveys execution
are given in Part I — Classification Regulations.

5.2 During construction, the whole hull structure is the object of supervision
including:

superstructures and deckhouses,

machinery casings

propeller shaft tunnels,

main engines and boilers foundations,

foundations for auxiliary engines and mechanisms, as well as for the equipment
subject to supervision,

armament foundations,

shaft brackets, non-rotating nozzles,

coamings, companionways and other structures limiting openings in the hull;
movable ramps and platforms;

casings of echo ranging stations, structural elements connected with special
propulsion, propelling-steering devices.

lifting appliances.

5.3 During construction, the structures listed in 5.2 shall be checked for:

compliance with the approved technical documentation,

fulfilling the requirements of the present part of the Rules not reflected in the
technical documentation,

fulfilling of applicable requirements of the Part IX — Materials and Welding.

5.4  Hull structures of all ships under construction shall be subjected to tightness
and strength tests within the scope and methods given in the chapter 6.
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6 THEHULL STRUCTURE TESTS
6.1 Genera
6.1.1 Definitions

Shop primer — is a thin coating applied after surface preparation and prior to
fabrication as a protection against corrosion during fabrication.

Protective coating —is a final coating protecting the structure from corrosion.

Structural testing — is a hydrostatic test carried out to demonstrate the tight-
ness of the tanks and the structural adequacy of the design. Where practical limita-
tions prevail and hydrostatic testing is not feasible (for example when it is difficult,
in practice, to apply the required head at the top of the tank), hydropneumatic test-
ing may be carried out instead. When a hydropneumatic testing is performed, the
conditions should simulate, as far as practicable, the actual loading of the tank.

Hydropneumatic testing — is a combination of hydrostatic and air testing,
consisting in filling the tank with water up to its top and applying an additional air
pressure. The value of the additional air pressure is at the discretion of the PRS, but
is to be at least as defined in 6.2.2.

Leak testing — is an air or other medium test carried out to demonstrate the
tightness of the structure.

Hose testing — is carried out using jet of water under adequate pressure, to
demonstrate the tightness of structural items not subjected to hydrostatic or leak
testing and to other components which contribute to the watertight or weathertight
integrity of the hull.

6.1.2 Application

The requirements of Chapter 6 determine the testing conditions for:
— tanks,
— watertight, gastight or weathertight structures.

The purpose of these tests is to check the tightness and/or the strength of struc-
tural elements at time of ships construction and on the occasion of major repairs.

Tests are to be carried out in the presence of the PRS Surveyor at a stage suffi-
ciently close to completion so that any subsequent work would not impair the
strength and tightness of the structure.

For the general testing requirements, see items 6.3.

6.2 Testing Methods
6.2.1 Structural Testing

Structural testing may be carried out prior to application of the shop primer.
Structural testing may be carried out after the protective coating has been ap-
plied, provided that one of the following two conditions is satisfied:
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a) all the welds are completed and carefully inspected visually to the satisfaction
of the PRS Surveyor prior to the application of the protective coating,

b) leak testing is carried out prior to the application of the protective coating.
In absence of leak testing, protective coating should be applied after the struc-

tural testing of:

— all erection welds, both manual and automatic,

— all manual fillet weld connections on tank boundaries and manual penetration
welds.

6.2.2 Leak Testing

Where leak testing is carried out, in accordance with Table 6.3, an air pressure
of 15 kPa is to be applied during the test.

Prior to inspection, it is recommended that the air pressure in the tank is raised
to 20 kPa and kept at this level for about 1 hour to reach a stabilized state, with
a minimum number of personnel in the vicinity of the tank, and then lowered to the
test pressure.

PRS may accept that the test is conducted after the pressure has reached a stabi-
lized state at 20 kPa, without lowering the pressure, provided they are satisfied of
the safety of the personnel involved in the test.

Welds are to be coated with an efficient indicating liquid, e.g. soap water.

A U-tube filled with water up to a height corresponding to the test pressure is to
be fitted to avoid overpressure of the compartment tested and verify the test pressure.
The U-tube should have a cross section larger than that of the pipe supplying air.

In addition, the test pressure is also to be verified by means of a master pressure
gauge. PRS may accept alternative means which are considered to be equivalently
reliable.

Leak testing is to be carried out, prior to the application of a protective coat-
ing, on all fillet weld connections on tank boundaries, penetrations and erection
welds on tank boundaries with the exception of welds made by automatic proc-
esses. For other welds, leak testing may be carried out, after the protective coat-
ing has been applied, provided that these welds were carefully inspected visually
to the satisfaction of the Surveyor.

Any other recognized method may be accepted to the satisfaction of the PRS Sur-
Veyor.

6.23 HoseTesting

When hose testing is required to verify the tightness of the structures, as defined in
Table 6.3, the minimum pressure in the hose, at least equal to 0.2 MPa, is to be applied
at a maximum distance of 1.5 m. The nozzle diameter is not to be less than 12 mm.

6.24 Hydropneumatic Testing

When hydropneumatic testing is performed, the same safety precautions as for
leak testing (see 6.2.2) are to be adopted.
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6.25 Gadtightness Test

The test concerns closing appliances of the openings. Closing appliances shall
meet following criterion: drop of pressure in compartments, in which the pressure
has been raised to 1.5 kPa, shall not, after 10 min., exceed 0.13 kPa.

6.2.6 Other Testing Methods
Other testing methods may be accepted, at the discretion of PRS, based upon

equivalency considerations.

6.3 General Testing Requirements

General requirements for testing are given in Table 6.3.

Table6.3
Item | Structure to be Typ © of Structural test pressure Remarks:
No tested testing
1 2 3 4 5
1 Double bottom | Structural | The greater of the following: Tank boundaries
1
tanks testing ! e head of water up to the top of overflow | tested from at
- least one side
e head of water up to the margin line
2 Double side Structural | The greater of the following: Tank boundaries
N
tanks testing" e head of water up to the top of overflow | tested from at
. least one side
e 2.4 m head of water above highest
point of tank
3 Tank bulk- Structural | The greater of the following® : Tank boundaries
heads, deep testing” o head of water up to the top of overflow | tested fr(m} at
tanks e 2.4 m head of water above highest least one side
point of tank
Fuel oil Structural | e setting pressure of the safety relief
bunkers testing valves, where relevant
4 Fore peak and | Structural | The greater of the following: Test of the after
after peak used | testing e head of water up to the top of overflow peak carried out
as tank . after the stern
e 2.4 m head of water above highest
int of tank tube has been
pomto fitted
Fore peak not | Structural | 0.3 m head of water above bulkhead Head of water is
used as tank testing deck; hose testing above this level to reach the level
of the upper edge
of the forepeak
hatch coaming,
where the height
of the coaming is
less than 0.3 m
above bulkhead
deck
After peak not | Leak
used as tank testing
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2 3 4 5

Cofferdams Structural | The greater of the following:
3
testing” o head of water up to the top of overflow

e 2.4 m head of water above highest
point of tank

6 Watertight Hose The test shall be

bulkheads testing ¥ carried out in the
most advanced
stage of fitting
out of the ship

7 Chain locker Structural [Head of water up to the top of chain

(if aft of colli- | testing locker
sion bulkhead)

Notes:

1))

2)

3)

4)

Leak or hydropneumatic testing (carried out according to 6.2.2) may be accepted, provided that
at least one tank for each type is structurally tested, to be selected in connection with the approval
of the design. In general, structural testing need not be repeated for subsequent vessels of a series
of identical newbuildings. If the structural test reveals strength weakness or severe faults not de-
tected by the leak test, all tanks are to be structurally tested.

Where applicable, the highest point of tank is to be measured to the deck and excluding hatch
coamings.

Leak or hydropneumatic testing (carried out according to 6.2.2) may be accepted, at PRS discre-
tion, considering the construction techniques and the welding procedures adopted.

When hose test cannot be performed without damaging outfitting (machinery, cables, switchboards,
insulation, etc.) already installed, it may be replaced, at PRS discretion, by a careful visual inspection
of all the crossings and welded joints; where necessary, dye penetrant test or ultrasonic leak test may
be required.
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B BASIC REQUIREMENTS
1 GENERAL
1.1 Requirements structure

1.1.1 In this Section B the requirements necessary to obtain a basic class of ship
are given, those requirements specified by the PRS ensure a minimum level of
construction strength safety of the hull of the ship, within the operating load range
— fixed and variable, including the sea loads on the calm water and wave loads, as
well as loads of stocks, solid and liquid cargoes, the general loads of equipment
and armaments, and other standard loads at the compartments of the ship — crew,
service, etc.

1.1.2 In particular, section B shows the requirements for materials used in the
hull construction and corrosion protection, requirements for specific design solu-
tions of individual elements of the ship's hull (including the requirements for
welded joints), requirements for the construction of the individual areas of the hull
(bottom, sides, decks, etc.), principles of structure's scantling, design loads and
strength criteria.

1.1.3 Requirements related to the adjustment of the ships hulls construction to
the specific loads related to their function are given in section C of this Part II.
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2 MATERIALSAND CORROSION PROTECTION
21 Genera

Materials intended for structures covered by the present Part of the Rules are to
comply with the requirements of Part IX — Materials and Welding of the Rules for
the Classification and Construction of Sea-going Ships.

2.2  Hull Structural Steels
221 Normal and Higher Strength Hull Structural Steel

2211 Normal strength structural steel NS and higher strength structural steel HS
32, HS 36 and HS 40 are designated for use in the construction of the ship’s hull.

2.2.1.2 The applied notations of hull structural steel, division into grades and
corresponding values of yield point R, (corresponding with the requirements of
Part IX — Materials and Welding), as well as the values of material factors k are
given in Table 2.2.1.2.

Table2.2.1.2
Notation Steel grade R,, [MPa] k
NS A B D E 235 1.00
HS32 AH32 — DH32 EH32 315 1.28
HS36 AH36 — DH36 EH36 355 1.39
HS40 AHA40 — DH40 EH40 390 1.43

2.21.3 Materials applied in the strength members of hull structures of ships of
Lo> 65 m not subject to the effect of low temperatures (see 2.2.1.4) are not to be of
lower grade than those given in Tables 2.2.1.3-1 and 2.2.1.3-2.

Table2.2.1.3-1
Structural member s groups and grades of material

Members group/material grade
Structural member With'in 0..4 Ly Outsi'de 0..4 Loy

amidships amidships
Secondary:
Deck plating exposed to weather, in general I A/AH
Side plating
Primary:
Bottom plating, including keel plate
Strength deck plating " II A/AH
Continuous longitudinal members above strength deck,
Upper strake in longitudinal bulkhead plating
Special:
Sheer strake at strength deck
Stringer plate in strength deck 1 II
Deck strake at longitudinal bulkhead (I outside 0.6L)
Bilge strake 2
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Notes:

1)  Plating at corners of large hatch openings is to be specially considered. Class III or grade E/EH
is to be applied in positions where high local stresses may occur.

2)  May be of class II in ships with a double bottom over the full breadth and with length less than
150 metres.

The material grade requirements for hull members of each class depending on
thickness are defined in Table 2.2.1.3-2.

For strength members not mentioned in Table 2.2.1.3-1, as well as for structural
elements of the ships of length Lo < 40m, grade A/AH may generally be used. Sin-
gle strakes required to be of class III or of grade E/EH are, within 0.4 L, amidships,
to have breadths not less than 800 + 5L, [mm], however, the breadths need not be
greater than 1800 mm. The steel grade is to correspond to the as-built plate thick-
ness when this is greater than required by this Part of the Rules.

Structural groups and grades of materials applied for the hulls of ships with
length 40 m < L, £ 65 m, as well as for heavy loaded areas of hull structures of
ships with length L, < 40 m (e.g. in area of cranes, armament, etc.) are subject of
separate PRS consideration.

Materials for stern frames plating, rudders, rudder and shaft brackets should, in
general, be of category corresponding to at least group II of the structural members,
irrespective of the length of the ship. In case of rudder and rudder blade exposed to
stresses concentration (e.g. in area of a lower support of semi-spade rudders or in
an upper part of spade rudders) material corresponding to III group of structural
members shall be applied.

Table2.2.1.3-2
Material graderequirementsfor classesl!, Il and |11
Class I 1 11
Thickness, in mm NS HS NS HS NS HS
t<15 A AH| A AH| A AH
15<t<20 A AH| A AH | B AH
20<t<25 A AH| B AH | D AH
25<t<30 A AH| D AH| D AH
30 <t<35 B AH| D DH| E EH
35<t<40 B AH| D DH| E EH
40 <t <50 D DH| E EH | E EH

2214 For ships intended to operate in areas with low air temperatures (—20 °C
and below), the materials in exposed structures are to be selected based on the de-
sign temperature £, to be taken as defined in 2.2.4.

Materials for the strength members above the lowest ballast water line (BWL)
exposed to air are not to be of lower grades than those given in Table 2.2.1.4-1,
depending on the length Ljas given in 2.2.1.3.
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Table2.2.1.4-1

Application of material classesand grades-structures
exposed to low temperatures

Material class

Structural member

Within 0.4 L,
amidships

Outside 0.4 L,
amidships

Secondary:

Deck plating exposed to weather, in general
Side plating above BWL

Transverse bulkheads above BWL

Primary:

Strength deck plating "

Continuous longitudinal members above strength deck,
excluding longitudinal hatch coamings

Longitudinal bulkhead above BWL

II

Special:

Sheer strake at strength deck

Stringer plate in strength deck

Deck strake at longitudinal bulkhead
Continuous longitudinal hatch coamings *

I

II

Notes:

Plating at corners of large hatch openings is to be specially considered. Class III or grade E/EH
to be applied in positions where high local stresses may occur.

Not to be less than grade D/DH.

Table2.2.1.4-2
Material grade requirementsfor classesl, Il and |11 at low temperatures

Class|
Plate thickness, ~20/-25°C —26/-35°C -36/-45°C | -46/-55°C
in mm NS HS | NS HS | NS HS | NS HS
t< 10 A AH | B AH D DH| D DH
10<t<15 B AH| D DH D DH| D DH
15<t<20 B AH| D DH D DH| E EH
20<t<25 D DH| D DH D DH| E EH
25<t<30 D DH | D DH E EH | E EH
30 <t<35 D DH | D DH E EH | E EH

& = Not applicable

Classl|
Plate thickness, ~20/-25°C ~26/-35°C -36/-45°C | —46/-55°C
in mm NS HS | NS HS | NS HS | NS HS
t< 10 B AH| D DH | D DH | D DH
10<t<20 D DH| D DH E EH E EH
20<t<30 D DH E EH E EH | @ FH
30 <t<40 E EH E EH | O FH @ FH

@ = Not applicable
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Class|lII

Plate thickness, —20/-25°C —26/-35°C —36/-45°C —46/-55°C
in mm NS HS NS HS NS HS NS HS
t<10 D DH D DH E EH E EH

10 <t<20 D DH E EH E EH %) FH
20<t<25 E EH E EH %) FH %) FH
25<t<30 E EH E EH %) FH %) FH
30 <t<35 E EH E EH %) FH %) FH

& = Not applicable

For non-exposed structures and structures below the lowest ballast water line
the Tables 2.2.1.3-1 and 2.2.1.3-2 are to be used.

The material grade requirements for hull members of each class depending on
thickness, design temperature and group of joints are defined in Table 2.2.1.4-2.
The requirements do not depend on the ship’s length Lo For design temperatures
t, <=55 °C, materials are to be specially considered by the PRS.

Single strakes required to be of class III or of grade E/EH or FH are to have
breadths not less than 800 + 5L, [mm], however, the breadths need not be greater
than 1800 mm.

Plating materials for sternframes, rudder horns, rudders and shaft brackets are
not to be of lower grades than those given in 2.2.1.3.

2.2.2 Stedl with Specified Through Thickness Properties

2221 Where a plate type structural element of the thickness 15 mm and more is
exposed to considerable tensile stress perpendicular to its plane and no solution pre-
venting delamination has been provided, this element is to be made of Z-type steel.

2222 Steel for plates of the thickness 15 mm and more, subjected to tensile
load perpendicular to their surface, is to comply with the requirements for steel Z
given in Chapter 5 of Part IX — Materials and Welding.

Unless agreed otherwise with PRS, these plates are to be made of E, EH or FH
steel grades.

223 Clad Sted

Where clad steel is used, its mechanical properties are to be not worse than tho-
se required for steel grades specified in Tables 2.2.1.3-1 and 2.2.1.3-2. Hull struc-
tural steel is to be considered as the base material.

2.24 Design Temperature of Structures

2241 As the design temperature tp the lowest mean daily average air tempera-
ture in the area of operation is to be taken.

Lowest: Lowest during a year.

M ean: Statistical mean over observation period (at least 20 years).

Average: Average during one day and night.
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For seasonally restricted service, the lowest value within the period of operation
applies.
Fig. 2.2.4.1 illustrates the temperature definition.
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Fig. 224.1

MDHT = Mean Daily High (or maximum) Temperature
MDAT = Mean Daily Average Temperature.
MDLT = Mean Daily Low (or minimum) Temperature.

2.2.4.2 For ships with L1A or L1 ice strengthening mark in the symbol of class,
the assumed value of temperature ¢, is not to be greater than —20° C.

The design temperature of structures located inside refrigerated spaces is to be
taken equal to the lowest air temperature ¢, inside the spaces. The design tempera-
ture of structures forming boundaries of refrigerated spaces is to be equal to:

— the lowest temperature in the refrigerated space if the structure has not been
covered with insulation on the side of this space,

— the lowest temperature of the adjacent space if the structure has been covered with
insulation in the refrigerated space and has not been insulated on the other side,

— the mean lowest temperature of the adjacent spaces if the structure has been
covered with insulation on both sides.

In well-grounded cases, the values of design temperatures may be increased.
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2.3 Other Structural Materials
231 Aluminium Alloys

2.3.11 Aluminium alloys of grade according to Part IX — Materials and Welding
may be applied to construction of:

— hull structure of length L, <40 m,

— superstructures and deckhouses.

2312 The strength of aluminium structure is not to be worse than that required
for steel structures.

2.3.1.3 The material factor £ for aluminium alloys is to be determined from the
following formula:

R
=—= 2.3.13
235 ( )

where R, value, characteristic for soft (re-crystalized or hot rolled) condition of the

aluminium alloy, is not to be taken greater than 0.7 R,, (R,,— tensile strength).
Where aluminium alloys delivered in semi-hard or quarter-hard condition are to be

used for welded structures, yield stress is to be agreed with PRS in each particular case.

2.3.2 Alternative Materials

The application of alternative materials for ship structure will be specially con-
sidered by PRS in each particular case.

2.4 Corrosion Protection

2.4.1 All salt water ballast tanks having boundaries formed by the hull envelope
are to have an efficient protective coating — epoxy or equivalent — applied in accor-
dance with the manufacturer’s recommendations. The coating should preferably be
of a light colour.

In grounded cases, sacrificial anodes shall also be used.

It is recommended that all structural elements of a steel hull of the ship are cov-
ered with a corrosion protective coating.

At the request of the owner, after special consideration by PRS, the corrosion
additions required in 2.5 may be reduced or omitted on condition that the effective
corrosion protection of the structure is provided. In this case, the ship may be af-
fixed with the additional mark PAC in the symbol of class.

2.4.2 In tanks intended for the carriage of water ballast, the thickness of struc-
tural elements is to be increased by corrosion additions defined in 2.5.

24.3 Protection against corrosion in tanks for aviation and special fuel, and
other aggressive — due to corrosion — liquids shall be separately considered by PRS.

24.4 The requirements concerning corrosion protection coating and cathodic
protection are given in Publication No. 40/P — Non-metallic Materials.
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2.5 Corrosion Additions
251 Paragraphs 2.5.2 to 2.5.6 concern structural elements of the ship's steel hulls.

2.5.2 In the case of a structure made of aluminium alloys corrosion additions are
not required.

253 The thickness of plating of vertical and horizontal bulkheads forming
boundaries of the tanks is to be increased by corrosion addition #; determined from
the formula:

t, =t,+t, [mm] (2.5.3)

t, — corrosion addition determined according to 2.5.6 for the inner side of plating,
[mm];

t, — corrosion addition determined according to 2.5.6 for the outer side of the

plating, according to the designation of the adjacent space, [mm)].

254 The thickness of face plates, webs and brackets of stiffeners and girders,
placed inside the ballast tanks, is to be increased by corrosion addition # deter-
mined from the formula:

t, =2t [mm)]. (2.54-1)

w?

Where stiffeners or girders of the tank bulkhead are at its outer side, the corro-
sion addition # is to be determined from the formula:

t, =2¢t,, [mm] (2.5.4-2)
t,and ¢, —as in 2.5.3.

255 For horizontal webs or face plates of stiffeners or girders, the corrosion
addition is to be additionally increased by 0.5 mm.

2.5.6 Corrosion additions ¢, and ¢, depend on area (A, B) of the tank in which the
considered structural element is installed.

Where the upper side of tank or cargo hold is closed by the weather deck, then A
area of this tank or cargo hold is the area extending vertically from the weather deck to
the level 1.5 m below this deck. All other areas of tanks and cargo holds are B areas.

25.7 Depending on the type of agent acting on the considered side of the struc-
tural element, the corrosion additions ¢, or ¢, for A area are as follows:

1.5 mm — for water ballast,

0.0 mm — for (external) outboard water or air.

The corrosion additions ¢, or ¢, for B area are equal to half of the values pro-
vided for A area.
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3 STRUCTURAL DETAILS
3.1 Genera

Methods of determining the geometrical and strength parameters of the hull
structure members, specified in the present Chapter, may be applied to the strength
analysis of members unless stated otherwise in other Chapters of the present Part of
the Rules.

3.1.1 Rounding off the Scantlings

3.1.1.1  Scantlings are to be rounded off to the nearest greater standard value. It
is allowed to round off the plate thickness required for structural members to the
nearest lower standard value within a margin of 0.25 mm.

3.1.1.2 When standard rolled sections are applied, it is allowed to round off the
required values of section modulus, moment of inertia and cross-sectional area to
the nearest lower standard value but by not more, however, than 3% of the required
value.

3.2 Modelling of Structural Members
321 Span of Girdersand Stiffeners

3.2.1.1 The design span / of girders and stiffeners is to be determined in the way
shown in Fig. 3.2.1.1. It is assumed that the brackets are adequately supported by
the structure, to which they are attached. In particular cases estimation of the span /
may be different. The span / is to be measured as the length of the chord joining
the ends of the support points.

3.2.2 Effective Flange

3.2.2.1 The cross-sectional area of effective plate flange for stiffener or simple
girder is to be determined from the following formula:

A, =10b,¢, [cm’] (3.2.2.1)

t — mean thickness of the effective flange, [mm];
b, — effective flange breadth, according to 3.2.2.2, [m].

Continuous stiffeners, parallel to the web of girder in question and located
within b, width, may be included with 50% of their cross-sectional area in the ef-
fective plate flange area of the girder.

The effective plate flange area is not to be less than the sectional area of the free
flange.
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Fig. 3.2.1.1 Determining the span of structural members

3.2.2.2 The effective flange width of stiffener may be taken equal to the lesser of
the two values determined by the following formulae:

b, :él , [m] (3.2.2.2-1)
b, =05(s, +5,), [m] (3.2.2.2-2)

[ — stiffener span, [m];
51, s, — distances from stiffener in question to the adjacent stiffeners fitted at its

both sides, [m].

3.2.2.3 The effective flange width of simple girder is to be determined by the

formula:
b,=Kb, [m] (3.2.2.3)

b = 0.5 (b tby), [m];

by, b, — distances from girder in question to the nearest girders of the same
type fitted at its both sides, [m];

K — coefficient, determined from Table 3.2.2.3, depending on the span /, of the
girder, as well as on number n of evenly spaced perpendicular stiffeners sup-
ported by the girder in question;

L=1 — for simply supported girder at both its ends, [m];
[,=0.6/ — for girder fixed at both its ends, [m].
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Table3.2.2.3
Valuesof K
Number of 1./ b ratio
stiffeners n 1 2 3 4 5 6 7 and more
>6 0.38 0.62 0.79 0.88 0.94 0.98 1
<3 0.21 0.40 0.53 0.64 0.72 0.78 0.80

For intermediate values of /. / b ratio, coefficient K may be obtained by linear
interpolation.

3.2.24 In case of curved stiffeners’ face plates or girders the effective sectional
area A, of the face plate is to be determined from the formula:

A,= cb,-t,, [mm’] (3.2.2.4-1)
where:
b,, — breadth of a face bar, [mm],
tn, — thickness of a face bar, [mm],
¢ — numerical coefficient determined from the formula (in formula 3.2.2.4-1 ¢ <1
shall be assumed):
ret,
c=¢ 5 (3.2.2.4-2)
r — radius of a face plate curvature, [mm];

b =b,,, [mm] — for asymmetrical face plates;
b=0.5(b,, —t, ), [mm]— for symmetrical face plates;

t. — thickness of a web, [mm],
¢1 — coefficient of values given in Table 3.2.2.4, depending on argument:
B= 1.29-5 (3.2.2.4-3)

NLE™

Note: formula 3.2.2.4-1 shall also be applied when determining effective section area of curved plat-
ing supported by the stiffener, assuming b,, = s = b (s — stiffeners spacing) and ¢, = ¢ (¢ — plating
thickness).
Table3.2.24
Values of coefficient ¢,

pg 10202503 ]04|045(05 (06|07 (0809|1012 14 >1.6

c; 321257 (2.14|1.84| 1.61 [1.43(1.29|1.08{0.94|0.83]0.76|0.70 | 0.60 0.59

Note: for the intermediate values of S, coefficient ¢; shall be determined by linear interpolation.

3.2.25 Effective section area A, curved face plates for girders supported by
brackets welded to webs, or effective section area of curved plating supported by
girders and stiffeners in direction transverse to girders (Fig. 3.2.2.5) shall be calcu-
lated from the formula:
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2
:3rtm +c-s

A, b, , [mm?’] (3.2.2.5)

3rt, +s° o
where:

r, ty, ¢ — as in 3.2.2.4; calculating effective area A4, of curved plating strake consti-
tuting girder's face plate in formula 3.2.2.5 b,,= b,, t,, = t (b;, t — see Fig. 3.2.2.5)

shall be assumed;

s — spacing of plating stiffeners or brackets supporting the web, [mm]
(Fig. 3.2.2.5)
.

girder axes
Fig. 3225

3.2.2.6 Effective flange width b, of corrugated bulkhead girders perpendicular to
the corrugations shall be taken equal respectively to 15 ¢ — for trapezoidal corruga-
tions and 20 ¢ for undulated corrugations, respectively or 0.1 b for both cases, which-
ever value is the lesser.

b means the effective flange width, calculated in accordance with paragraph
3.2.2.3, whereas t means the corrugated bulkhead plating thickness.

3.2.2.7 Effective flange width b, of hatchway coaming shall be taken equal to 1/12
of its span. The assumed value of b, shall not be greater than half the distance from
hatchway coaming to the ship’s side for longitudinal coamings or half the distance
between the coaming and the nearest transverse bulkhead for transverse coamings.

3.2.3 Effective Sectional Area of Web

The effective cross-sectional area of simple girders is to be determined by the
formula:
A, =001ht , [cm’] (3.2.3)
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t;, — web thickness, [mm];
hg; — net web height, [mm].

Net web height /; is to be determined by deduction of cut-outs and openings in
the cross-section considered. If the edge of web opening is located at a distance
less than 4/3 from the cross section considered, /4, is to be taken as the smaller of
two values: A, and (A, + hy), shown in Fig. 3.2.3.

Fig. 3.2.3 Determining the net web height

3.24 Section Moduli and Moments of I nertia of Stiffenersand Girders

Section moduli and moments of inertia of cross-sections of stiffeners and gird-
ers required by the present Part Il of the Rules refer to the neutral axis parallel to
the plating.

Where the web of structural member is not perpendicular to the plating, the
value of the section modulus about the axis parallel to the plating for o < 15°
(a — angle between the plane perpendicular to the plating and the web plane)
may be determined approximately by multiplying the section modulus of the
stiffeners perpendicular to the plating by cos «.

Unless otherwise stated, the effective flange taken for the calculation is to be
determined according to 3.2.2.

Note: The section modulus of corrugated bulkhead members may be calculated
from the following approximate relations:
— for corrugated bulkhead member of trapezoidal cross-section and width equal to s;:

ht
W= ?(52 + %3] . [em’] (3.2.4-1)

h,t — seeFig. 3.2.4a, [mm];
52,83 — see Fig. 3.2.4 a, [m];
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— for corrugated bulkhead member of undulated cross-section and width equal to s:

W=ctr?, [cm3]

s=4rsinf (3.2.4-2)
c=2 L+2Bcos” B—15sin2f
l1—cosf
t,r,s — seeFig.3.2.4b, [cm];
p — see Fig. 3.2.4 b, [radians].

a) 2 b)

-
AS
S = = v ¢ " -
o \
Sy 2 ! S
$1

h=2r(1—cosﬂ)
Fig. 3.2.4

3.3 Detailsof Welded Structures
3.3.1 Arrangement of Welded Joints

Local concentration of welds, crossing of welds at an acute angle, as well as
close location of parallel butts or fillet welds and parallel butt welds are to be
avoided. The distances between parallel welded joints, irrespective of their direc-
tion, are to be not less than:

— 200 mm between butt welds,
— 75 mm between a fillet weld and a butt weld,
— 50 mm between a fillet and a butt weld over a length not exceeding 2 m.

The angle between butt welds is not to be less than 60° (see Fig. 3.3.1).
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Fig. 3.3.1 Arrangement of welded joints

The distance of joints (butts) of shell and deck plates from bulkheads, decks, in-
ner bottom plating, girders, etc., arranged parallel to the joints, is not to be less than
5t ( ¢t — plate thickness) or 100 mm, whichever is the greater. For assembly joints
(butts), this distance is not to be less than 200 mm.

3.3.2 Jointsof Face Plates

Face plate joints of crossing girders subjected to dynamic loads and girders of
strength decks and single bottom amidships, as well as other highly loaded girders
are to be made with smooth transition by means of diamond plates of thickness not
less than the thickness of joined girder face plates (see Fig. 3.3.2).

-

2

|
PN

Fig. 3.3.2 Joints of girder face plates
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3.4 Continuity of Structure

34.1 General Requirements

Structural continuity is to be maintained in the hull structure. Any changes in
the shape of sections and in the member thickness are to be smooth.

3.4.2 Continuity of Longitudinal Members

34.21 Any changes in the scantling of sections and in longitudinal member
plate thickness along the hull are to be smooth. The arrangement and scantlings of
members in the strength deck, bottom, sides and longitudinal bulkheads in areas of
change of the strength properties of steel are to be kept unchanged.

3.4.2.2 The distance between the end of the stiffener and perpendicular, to the
stiffener, web of girder or other stiffener is to be as small as practicable and is not
to exceed 4 ¢ or 60 mm, whichever is the lesser (¢ — plating thickness, [mm]).

3.4.3 Connections

It is recommended that rounded brackets are fitted where girders are connected
to each other. The web of a girder is to be stiffened at the ends of brackets.

3.5 Openingsin Structural Members
3.5.1 General Requirements

3511 The total height of openings (lightening holes, single cut-outs in way of
members, etc.) in one cross-section of a member is not to exceed 0.4 of its depth. In
justified cases, this value may be increased in the centre of span to no more than
0.6 of the member depth.

3.5.1.2 The distance between edges of all openings in girder and edges of single
slots in way of stiffeners is not to be less than the depth of these stiffeners.

3.5.1.3 The holes in webs of stiffeners and girders are not to be arranged at a dis-
tance less than the web depth from the toe of end bracket.

3514 Openings in member webs for free flow of liquid to the sucking termi-
nals and for free flow of air to the air pipes are to be arranged inside the tanks.
These openings are to be as close to the bottom and deck as practicable. It is rec-
ommended that openings in bottom and deck longitudinals are elliptical and are
located at a distance not less than 20 mm from the bottom and deck plating. The
height of the openings is to be not greater than 0.25 of the web height and is not to
exceed 75 mm. The length of openings is not to exceed 150 mm.

3.5.1.5 Corners of any openings in members are to be rounded with a radius of
curvature not less than twice the plate thickness.
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3.5.1.6 Openings in side shell, longitudinal bulkheads and longitudinal girders
are to be located not less than twice the opening breadth below strength deck or
termination of rounded deck corners.

3.5.1.7 Small openings are generally to be kept well clear of other openings in
longitudinal strength members. Non-reinforced edges of small openings are to be
located at a transverse distance not less than four times the opening breadth from
the edge of any other opening.

3.5.1.8 Openings in longitudinals are to be of elliptical shape and are to be kept
clear of the connecting welds on these longitudinals.

3.5.2 Reinforcement of Opening Edges

3.5.21 The requirements given below are applicable to openings in strength deck
and outer bottom in the middle portion of ship’s hull within 0.3 Lo <x < 0.3 L, and
for ships with large hatchway openings within the total cargo hold region. The re-
quirements concerning the shape and strengthening in way of hatch corners are given
in 8.5.

3.5.2.2 Circular openings with diameter greater than 0.325 m are to have edge
reinforcement. The cross-sectional area of edge reinforcements is not to be less
than:

A,=25dt, [cm’] (3.5.2.2)

d - diameter of opening, [m];
t — plate thickness, [mm].

3.5.2.3 Elliptical openings with breadth greater than 0.5 m are to have edge rein-
forcement if their length/breadth ratio is less than 2. The reinforcement is to be as
required above for circular openings where d is to be taken equal to the opening
breadth.

3.5.24 Rectangular or approximately rectangular openings are to have edge
reinforcement according to 3.5.2.2 where d is to be taken equal to the opening
breadth. Corners of such openings are to comply with the following requirements:
— for corners of circular shape, the radius is not to be less than:

R=02b, [m] (3.5.2.4)
b — breadth of opening, b > 0.4 m is to be taken;

— for corners of streamlined shape, the transverse extension of the curvature (per-
pendicular to ship center line) is not to be less than 0.15 b.
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3.6 Girder Construction
3.6.1 General Requirements

3.6.1.1 The requirements of the present sub-chapter refer to the girders made as
T-sections or I-sections.

3.6.1.2 Depth 4 and thickness # of web of girders (as well as of transverse
frames and longitudinal stiffeners welded of separate webs and face plates), as well
as their cross-sectional areas are covered by the requirements contained in particu-
lar Chapters of the present Part Il of the Rules.

3.6.1.3 The girder web plate and flange are to be stiffened by tripping brackets
according to 3.6.4. Stiffeners parallel or perpendicular to the flanges may also be
required, according to 3.6.3, unless otherwise stated in the present Part II of the
Rules.

3.6.2 Girder Flanges

3.6.21 Unsupported breadth of girder flange b, measured from the web, is not to
be greater than:
20012,

b , [mm] (3.6.2.1)
V Re
tn — flange thickness, [mm];
¢ — 1.0 for steel
¢ — 0.58 for aluminium alloys.

3.6.2.2 Flange thickness is not to exceed triple thickness of the web.

3.6.3 Girder Stiffeners

3.6.3.1 Girder webs are to meet the buckling strength criteria given in 13.6.4.2.
Where the ratio of girder web height % to its thickness #, is greater than

890/ /R, c (c=1.0 for steel; ¢=0.58 for aluminium alloys), then the girder web is

to be stiffened irrespective of supporting by tripping brackets arranged according to
3.64.

The girder web may be stiffened by means of stiffeners perpendicular to the
flange and tripping brackets (see Fig. 3.6.3.1a) or by stiffeners parallel to the flange
and tripping brackets (see Fig. 3.6.3.1b).
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Fig. 3.6.3.1 Methods of stiffening the girder web
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3.6.3.2 Stiffeners of girder webs shown in Fig. 3.6.3.1 are to meet the require-
ments of 13.5.3 regarding buckling strength of stiffeners, for design stress values
determined according to 13.3.2.7 and 13..3.2.10.

3.6.3.3 Framing or strengthening of openings in webs in the way defined in
13.4.3.10 or 13.4.3.11 may be required for the purpose of meeting the girder web
buckling strength criteria.

3.64 Tripping Brackets

3.6.4.1 Girder tripping brackets are to be fitted as required in para. 3.6.4.2, irre-
spective of stiffeners referred to in 3.6.3. Additionally, tripping brackets are to be
fitted at the end parts of the girder (near toe of brackets, near rounded corner of
girder frames) and in line with any cross ties.

3.6.4.2 In no case the spacing of tripping brackets is to exceed 3 m or 15 b, (b,
— full breadth of girder flange), whichever value is the lesser.

3.6.4.3 The thickness of tripping brackets is not to be less than the girder web
thickness.

3.6.44 Tripping brackets are to be extended to the flange and welded to it if the
flange breadth measured from the web to the free edge exceeds 150 mm. Where the
breadth of a flange symmetrical to the girder web exceeds 400 mm, a small bracket
is to be fitted on a flange on the opposite side of tripping bracket.

3.6.45 The breadth of tripping bracket measured at its toe is not to be less than
half of its depth.

3.6.46 Where the length of free edge /; of tripping bracket exceeds 60 t,, (., —
thickness of tripping bracket, [mm]; ¢ = 1.0 for steel; ¢ = 0.58 for aluminium al-
loys), aflange or face plate is to be applied along this free edge. The cross-
sectional area of flange or face plate is not to be less than:

f =0017,, [cm’] (3.6.4.6)

I, — length of free edge, [mm].
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4 JOINTSOF STRUCTURAL ELEMENTS
41 Genera

4.1.1 The requirements concerning types and size of welds, welded and steel-
aluminium joints are specified in this Chapter.

4.1.2 Irrespective of the requirements set forth in this Chapter, the requirements
concerning welding materials, welding methods, welders qualifications, quality
control of welds and protection against atmospheric effects during welding, speci-
fied in Part IX — Materials and Welding, are to be complied with.

4.1.3 The welding sequence is to be so designed as to ensure possibly free mate-
rial shrinkage.

4.2 Typesand Size of Welds
421 Butt Joints

4211 The edges of butt-welded plates of equal thickness are to be prepared as
shown in Fig. 4.2.1.1.

t<émm

_Max5mm | Max 3mm

I g T
Il m f>12mm W W Hl_
t>12mm
t>6mm
y 3.
W:) :
] q on
A i1
(-]
v“’ L l )

Max Smm

Fig. 4.2.1.1 Edge preparation for manual butt welding
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4212 Where two butt-welded plates are different in thickness by more than
3 mm, the thickness of the thicker plate is to be reduced by bevelling not exceeding
1 : 3. Upon reduction of the thickness, the edges are to be prepared for welding like
the plates of equal thickness (see Fig. 4.2.1.2).

4.2.1.3 All types of butt welds are to be, in general, double side welded joints.
Prior to welding the other side, the weld root is to be cut out to clean metal. One
side welding may be applied, upon special consideration by PRS, for low loaded
structures or the structures where sealing weld is impossible.
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Fig. 4.2.1.2 Edge preparation for welding plates of different thickness
42.2 Lapand Slot Welds

4.2.2.1 Examples of typical lap and slot welds are shown in Fig. 4.2.2.1.

Type A Type C

Fig. 4.2.2.1 Lap and slot welds

4222 Type A (lap weld) may be used for welding brackets to ends of stiffeners
for normally loaded joints except the areas where increased vibration may be expected.

4.2.2.3 B type (slot weld) and C type (pin slot weld) may be used for welding the
plating to inner stiffeners — where fillet welding of T-joint is impossible. Dimen-
sions and spacings of slots will be separately considered by PRS.

4224 Lap joints are to be made with continuous weld at the perimeter, with
a=0.4 —see 4.2.3.1. The overlap width is to be not less than:

b=2s+25, [mm)]
and in no case less than 50 mm (s — thickness of the thinner component, [mm]).
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4.2.3 Fillet Welds

4231 The design thickness a of fillet welds (see Fig. 4.2.3.1) is not to be less
than the value determined from the following formula:

a=apfs, [mm] (4.2.3.1)

a — weld strength coefficient according to Table 4.2.3.1-1;
B — coefficient determined from Table 4.2.3.1-2;
s — thickness of thinner component, [mm].

The fillet weld thickness a is to be also not less than:
2.5mm for s=4mm,

3.0mm for 4<s<10mm,

3.5mm for 10<s<15mm,
0.25s for s>15mm.
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a) Staggered weld
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Fig. 4.2.3.1 Types of fillet welds
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Table4.2.3.1-1

Item Joint a’
1 Bottom Structure
1.1 Central girder to outer and inner bottom plating, inner bottom to outer plating 0.40
1.2 Watertight floors and parts of bottom girders forming boundaries of tanks 0.35
1.3 Floors and side bottom stringers to each other, as well as to inner and outer bot-

tom plating — within 0.25 L, from the fore perpendicular and in the machinery

space area 0.25
1.4 Above specified joints in the remaining areas 0.20
2. Side Framing
2.1 Frames (including web frames) and side stringers to shell plating within 0.25 L,

from the fore perpendicular, in tanks, in machinery space, in way of ice strength-

ening as well as in the area of side reinforcements in ships intended for mooring | 0.17

at sea
2.2 Above specified joints in the remaining areas, beyond afterpeak 0.13
23 Above specified joints in the after peak 0.25
24 Side stringers to web frames 0.25
3. Deck and Deck Framing
3.1 Transverse and longitudinal deck girders to the plating 0.17
32 Webs of deck transverses to deck stringers and bulkheads 0.25
33 Deck beams and stiffeners 0.15
34 Deck cantilevers to the plating 0.35
35 Stringer plate of strength deck to sheer strake 0.45%
3.6 Stringer plate of other decks and platforms to the shell plating 0.35%
3.7 Hatch coamings to deck at hatch corners 0.45%
3.8 Face bars of hatch coamings to coamings 0.25
3.9 Outer walls and bulkheads of superstructures and deckhouses to upper deck 0.357
3.10 Pillars to decks and inner bottom, pillar brackets to pillars, decks, inner bottom

and other structural members 0.35
4. Bulkheads and Partitions
4.1 Bulkheads forming boundaries of the cargo or ballast tanks — at the circumfer- 0.35%

ence
4.2 Bulkhead stiffeners to the plating, beyond the peaks 0.15
43 Above specified joints in the peaks 0.25
4.4 Vertical and horizontal girders to the plating, beyond the peaks 0.17
4.5 Above specified joints in the peaks 0.30%
4.6 Transverse bulkheads to longitudinal bulkheads 0.35%
5. Foundations of Main Machinery and Boilers
5.1 Web plates of foundations to shell plating, tank top and deck 0.35%
5.2 Web plates of foundations to their face plates 0.45%
53 Foundation brackets to foundation web plates, outer plating, inner bottom and 0.35?

deck
54 Brackets to their face plates 0.25
6. Other Joints
6.1 Brackets interconnecting framing components 0.35
6.2 Ends of girders within 0.15 of their span from the supporting points 0.25

b
2)
3

All welded joints of watertight structures are to be made with double continuous weld.
Full penetration welds are to be used.
Double continuous weld is required.
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Table4.2.3.1-2
Item Type of fillet weld B
1 Double continuous weld 1.0
2 Staggered, chain and scallop weld t/1
3 Single continuous weld 2.0
4 Single intermittent weld 2t/1

t — weld pitch,
[ — weld length (see Fig. 4.2.3.1).

4.2.3.2 In heavy loaded joints, the plate edges are to be bevelled to ensure full
penetration or deep fusion weld. The following joints are to be welded with full
penetration:

— strength deck stringer to sheer strake,

— in way of machinery and armament foundations (see Table 4.2.3.1-1),

— hatch coamings with deck at hatch corners,

— rudder horns and propeller shaft brackets to shell plating,

— rudder blade plating to the flange connecting the rudder blade with rudder stock.

4.2.3.3 For such joints as:

— transverse bulkhead to double bottom,

— structural elements in double bottom under bulkhead,

— joints of discontinuous girders (in order to ensure their continuity) with webs of
the structure where the girders are interrupted,

the fillet weld thickness is to be increased or full penetration weld should be ap-

plied.

4234 The weld thickness and cross-section of heavy loaded welded joints are
subject to special consideration by PRS.

4.2.35 Structural elements and parts of members cut at the plating or at the
crossing structures are to be coplanar. The maximum shift of the planes of inter-
rupted structural elements and members is not to be greater than half of their thick-
ness and not greater than that determined in Fig. 4.2.3.5.

Bracket ﬂ <5
Bulkhead
£ #
= <8 — 7
E —— !
Girder web

Fig. 4.2.3.5 Shift of interrupted planes
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4.2.3.6 Double continuous welds are required:

— for watertight, oiltight and weathertight joints;

— within 0.25 L, from the fore perpendicular — for welding structural members to
the bottom plating;

— within ice belt of ships with ice strengthening L1A, L1 and L2 (see Part C,
11.1.2.2);

— for welding side framing to the outer plating;

— in the area of pillars and at the ends of structural elements;

— in machinery and armament foundation and supporting structures;

— for all joints in the after peak;

— for joints inside the rudder blade, except the cases where slot welding is neces-
sary;

— for connecting bottom central girder to the keel plate.

4.2.3.7 Intermittent welds may be used for less loaded joints — inside dry spaces
and oil fuel tanks.

4.2.3.8 Inside ballast, cargo or fresh water tanks, inside the spaces where water
may be accumulated or condensed, as well as inside empty spaces exposed to cor-
rosion (such as rudder blades), continuous welds are to be applied for heavy or
dynamically loaded joints, or scalloped welds — for less loaded joints.

4.2.3.9 The length of intermittent weld / (see Fig. 4.2.3.1) is not to be less than
15a and should amount to at least 50 mm. The distance between the weld sections
(for chain and scallop welds amounting to ¢ — / and for staggered welds — #/2 — [) is
not to be greater than 25 s or 150 mm — whichever is the lesser (s — the thickness of
the thinner element, mm). The depth of scallops is not to be greater than 0.25 of the
section depth and should not exceed 75 mm. The rounding radius of scallop is not
to be less than 25 mm.

4.2.3.10 Double continuous welds are to be used in the area of pillars, at ends of
structural members and at the places where supporting members (deck girders,
floors, etc.) pass through structural members. The length of double continuous
weld sections is not to be less than:

— bracket length — where applied;

— double depth of element — where brackets are not applied.

4.2.3.11 The distance from scallops of frames, deck beams, stiffeners, etc. to the
ends of these elements and supports (supporting girders) is not to be less than dou-
ble depth of the section, and the distance to the bracket ends is to be at least equal
to half of the section depth.

4.2.3.12 Staggered spot welds, as well as single intermittent welds may be ap-
plied for joints in the second and higher tier of superstructures and deckhouses, as
well as for elements in enclosed deck areas in the first tier of superstructures.



58 Hull — B Basic Requirements

Where the thickness of section or plate is less than 7 mm, the spot weld may be
used for joints in structures of casings and walls in these areas of hull, where nei-
ther variable or impact loads nor strong corrosive agents occur.

4.3 End Connections of Structural Members

4.3.1 End connections of structural members are to be, in general, butt joints.
Lap joints may be applied upon agreement with PRS, except:
— areas of increased vibrations,
— joints of web frames and girders,
— areas subjected to great concentrated loads.
Brackets are to be, in general, made of material of the same yield stress as the
adjacent elements of framing.

4.3.2 For bracket scantlings — see 13.8.

4.3.3 Free ends of bracket face plates or flanges are to be snipped to the width not
greater than 3 times the thickness of the bracket web or 40 mm (whichever is the
lesser). The length of the snipped part is to be equal to the width of flange or face plate.

4.3.4 In places of transition from the face plates of brackets to those of structural
members, the butts of the face plates are to be kept at least 150 mm away from the
toes of the brackets, and the angle formed by the bracket face plate and the direc-
tion of the members face plate is not to exceed 45°.

4.3.5 Joints of the lower ends of frames with bilge brackets or floors are to be
made according to Fig. 4.3.5.

L =15h
a7 » 0,25h
a; 20,75 h

L = 15h
ap > 075 h
ay 70,25 h

¢ <50 mm or ¢ <5 s, whichever is lesser.

Fig. 4.3.5 Connections of bottom ends of frames
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4.3.6 Depending upon the design of the detail, the ends of face plates and/or
webs of the structural members are to be snipped at ends over a length equal to 1.5
times the face plate width or 1.5 times the web depth. The blunting at the snipped
free end is to be as follows:
— for face plate — equal to 3 times its thickness,
— for web — 10 + 15 mm.

The distance between snipped end of structural element and the nearest member
perpendicular to this element is to be, in general, not greater than 25 mm.

4.3.7 Stiffeners may be connected to the web plate of girders in one of the ways
shown in Fig 4.3.7.

In locations with great shear stresses in the web plate, a double-sided connec-
tion or a stiffening of the unconnected web plate edge is required. A double-sided
connection may be taken into account when calculating the effective web area.

Connection lugs are to have a thickness not less than 75% of the web plate
thickness.

\ r a8
|
\ |
L =0 =
Opening width
as small as practicable
1 L/ @ & )
[ 1 c
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Fig. 4.3.7 Connection of a stiffener to the web plate of a girder

4.3.8 Connection of Different Material Structures

Bolted connections or special connecting elements (e.g. made with the use of
explosive method) may be applied for connections of different materials.

These connections will be specially considered by PRS. The strength of connec-
tion is not to be less than that of the bolted connection and the corrosion protection
is to be equally satisfactory.




60 Hull — B Basic Requirements

PRINCIPLES OF MEMBERS SCANTLING
51 Genera

5.1.1 Graduation of Requirements

The requirements of the Chapter 5 apply to the hull structure strength analysis
within the following extent:

— local strength within one structural member (e.g. part of the plate within its
supporting stiffeners, stiffener simple girder), see Chapter 13;

— zone strength within one structure (relating to fragments of bottom, side, decks,
bulkheads girders system, or hull modulus comprising such structural elements),
see Chapter 14;

— general strength within the whole hull, see Chapter 15.

Requirements concerning fatigue strength analysis of a hull structure are given

in Chapter 16.

5.1.2 Local Strength

The requirements regarding the local strength apply to the scantlings of plating,
stiffeners, pillars, cross ties, brackets and ordinary girders. Boundary conditions for
these members are known with sufficient accuracy. As a result, influence of the
remaining part of the structure may be directly taken into account in formulae de-
termining the scantlings of members in question.

5.1.3 Zone Strength

5.1.3.1 When the boundary conditions of girders, stiffeners or cross ties cannot
be determined with sufficient accuracy and, as a result, the scantlings of girders
cannot be defined on the basis of local strength requirements, the scantlings of
girders are to be based on the zone strength analysis of the hull.

5.1.3.2 A zone may cover both part of the single structure (e.g. bottom, sides)
and part of several structures in way of one or several cargo holds, tanks or other
spaces. Zone boundaries are affixed in places of known boundary conditions.

5.1.3.3 Modelling the selected zone of the hull structure consists in reducing it to
the system of principal girders supporting the local structural members.

5.1.3.4 Zone strength verification of the structure is required for specified cases
specified in the present Part of the Rules.

5.1.4 General Strength

The requirements for the ship’s general strength refer to the longitudinal bend-
ing and shear strength. In ships with combined hatch breadth in one cross-section
(measured in the middle of the hatch length) greater than 0.65 (b — breadth of the
strength deck in the cross-section), the additional stresses from the hull torsion are
to be checked.
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5.2 Basisfor Requirements

5.2.1 Basic Problems

The following basic problems of the structure design:
— establishing the design loads,
— evaluation of the structure response to the loads,
— establishing the allowable ranges of the structural response parameters in re-
spect of the assumed strength criteria,
have been solved for the relevant hull structure strength levels. The solutions are
the basis for detailed requirements set forth in the present Part of the Rules.

5.2.2 Structure L oads

5221 Static and dynamic loads imposed by the sea and by the cargo, stores,
larger concentrated mass of cargo (e.g. carried vehicles) and equipment have been
taken into account for the determination of design loads of hull structure given in
present Part of the Rules. In specified cases, the impact loads imposed on the hull
by waves have also been taken into account.

5.2.22 Design static loads are determined for given arrangement of the ship
equipment, as well as for typical stores and cargo (e.g. carried vehicles) specified
by the designer.

5.2.2.3 Requirements referring to design dynamic loads have been determined
on the basis of long term prediction of ship motions within her operating life. The
operating life is normally taken to correspond to 10® wave encounters in the North
Atlantic. For ships of limited operational area lesser than described above values of
dynamic loads are foreseen. The way of their determination is given in Chapters 15
and 17. Wave-induced loads determined according to recognized theories, model
tests or full scale measurements may be accepted as equivalent for classification
purposes.

5.2.3 Structure Response

5.2.3.1 Requirements concerning structure response such as stresses or strains in
various points and sections of local members (plate panels, stiffeners or simple
girders) have been based on the theories of elasticity and plasticity taking the as-
sumed boundary conditions into account.

5.2.3.2 The thickness of plating exposed to lateral pressure is to be determined
from the following formula:

t= 18kas\/£+tk, [mm] (5.2.3.2-1)
(o2

k., — correction factor depending on aspect ratio of plate field,
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2
k, = (1 ~027 ;j (5.2.3.2-2)

need not be greater than 0.88;

length of shorter side of plate field, [m];

length of longer side of plate field, [m];

design lateral pressure imposed on plate field, [kPa];
corrosion addition (see 2.5), [mm];

permissible stresses, [MPa].

ka
s
/
p
y
o

5.2.3.3 For stiffeners exposed to lateral pressure acting on the supported plating,
the required section modulus W is given as a function of boundary conditions at the
stiffeners ends and the permissible bending stress:

2
= 100097 , [em’] (5.2.3.3)

mo
qg = pb;
p — seeS5.2.3.2;
b — width of plating strake supported by stiffener in question, [m];
[ — stiffener span, [m];
o — permissible bending stress, [MPa];

m — bending moment coefficient taking into account boundary and load condi-
tions of the stiffener. The values of m coefficient are given separately for
particular groups of structural members in Chapter 13. For scantling the
structural members within the scope of elastic deflection, the values of m co-
efficient have been determined directly from general elastic bending theory.

In Table 5.2.3.3, the values of coefficient m for specified load and boundary
conditions, have been given.

Table5.2.3.3
Values of mand k; coefficients
Load and boundary conditions Bending moment and shear force factors
Position 1 2 3
1 2 3 m my ms
Support Field Support
between supports kn - ki
y 12.0 24.0 12.0
[T
0.50 - 0.50
N - 14.2 8.0
g ‘ 0.38 - 0.63
@DEMMMMI@ - 8.0 -
0.50 - 0.50
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Position 1 2 3
. N 15 23.3 10
0.30 - 0.70

N - 16.8 7.5
75 0.20 - 0.80

- 7.8 -
75 @» 0.33 - 0.67

5.2.3.4 The sectional area requirement for stiffeners, subject to shear stress, is
given as a function of boundary conditions and allowable shear stress.

The value of cross-sectional area of a stiffener is determined from the following
formula:

A=10k’P, [cm?] (5.2.3.4)
T
7 — permissible shear stress, [MPa];
P — total transverse load on the stiffener, [kKN];
k, — transverse force coefficient taking into account boundary and load condi-

tions.
The values of £, coefficient for some load and boundary conditions are specified
in Table 5.2.3.3.

5.2.35 The scantlings of elements of girders subjected to bending moments are
determined in accordance with the provisions set forth in 5.2.3.3 for stiffeners. The
given formulae are applicable to simple girders, i.e. girders which may be modelled
by a single-span beam with known boundary conditions.

5.2.3.6 Where girders do not meet the conditions specified in 5.2.3.5, the struc-
tural response is to be determined on the basis of adequate methods of the zone
strength analysis.

It is recommended to use computerized matrix methods of structural analysis
based on the bar idealization of structure or by means of other types of finite ele-
ments.

5.2.3.7 Requirement concerning response of hull structure to the hull girder
bending loads is based on the linear bending theory of simple beam.

5.2.3.8 Special means are to be provided in way of the afterbody and machinery
space to preclude excessive vibration of the structure. The guidelines referring to
the above problem are given in PRS Publication No. 2/I — Prevention of Vibration
in Ships.
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6 BOTTOM STRUCTURES
6.1 General
6.1.1 Application

The requirements of the present Chapter apply to the double and single bottom
structures.

Sub-chapters 6.2 and 6.3 relate to the double bottom, and sub-chapters 6.6 and
6.7 to both types of the bottom.

6.1.2 Extension of Double Bottom

6.1.2.1 It is recommended that the double bottom is provided where its available
height is not less than 600 mm.

6.1.2.2 Where possible, the double bottom should be provided within the area
from the fore peak bulkhead to the after peak bulkhead.

6.1.2.3 The bilge is to be overlapped by the inner bottom as far as possible, par-
ticularly in the fore end of the ship.

6.1.2.4 In ships which are to be affixed with subdivision mark in the symbol of
class, the overlapping of the bilge is deemed adequate if the line of intersection of
the margin plate with the bilge plating does not lie below the horizontal plane pass-
ing through the point A amidships, as shown in Fig. 6.1.2.4.

B.P.

- |25°
>

128

Fig. 6.1.2.4 Overlapping the bilge by the margin plate

6.2 Double Bottom Structure
6.2.1 General Requirements

Where the seating frame of the main engines, thrust bearings and boilers is fas-
tened directly to the inner bottom, the floors, longitudinals and inner bottom plating
are to comply with the relevant requirements of Chapter 12.

In way of the main engine, thrust bearing and boilers, the bottom structure is to
be adequately strengthened.
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Strengthening is also to be applied under pillars and bulkheads or walls support-
ing the upper parts of hull structure.

As far as possible the pillars placed directly on the double bottom is to be avo-
ided, and adequate supporting of the above structure, where necessary, should be
assured by application of the supporting bulkheads and divisions.

6.2.2 Framing System

6.2.2.1 As arule in ships with length Ly, > 100 m, double bottom should be lon-
gitudinally stiffened. In smaller ships transverse stiffening system is allowed.

6.2.2.2 If the bottom is longitudinally stiffened, the longitudinals are to pass
continuously through the floors within —0.25 Ly < x <+0.25 Ly amidship.

In ships with 40 m < L, < 100 m, the longitudinals may be cut at transverse
members within —0.25 Ly < x < +0.25 L, amidships provided that brackets passing
through slotted cuts in the floors or bulkheads, and connecting the ends of the lon-
gitudinals are fitted, or the continuity is to be provided otherwise;

Beyond the region —0.25 Ly < x < 0.25 L, in ships with Ly > 40 m and over the
whole length of ships with Ly < 40 m, the longitudinals may be cut at bottom floors
and welded to them;

6.2.3 Arrangement of Bottom Girders

The arrangement of bottom girders and plate floors is to comply with the re-
quirements given in 6.2.4 + 6.2.6.

The arrangement of girders in the double bottom may be different, provided that
the requirements for local strength (Chapter 13) and possibly for zone strength
(Chapter 14) are complied with.

6.2.4 Bottom Centre Girder and Duct K e€l

6.2.4.1 Bottom centre girder is to be fitted in the ship's centre line. It is to extend
fore and aft as far as possible. The centre girder is to be continuous within —0.3 L,
<x<0.3 L

6.2.4.2 Instead of the bottom centre girder a duct keel made of two longitudinal
girders fitted on both sides of the centre line may be applied. The distance between
girders is not to exceed the value determined from the formula:

b=0.004L,+10, [m]. (6.2.4.2)

This distance may be increased after special consideration by PRS. Supporting
plates or transverse stiffeners with brackets are to be fitted (with a spacing not ex-
ceeding 0.8 m) on the outer and inner bottom plating between these girders in line
with each frame.

6.2.4.3 Where the duct keel is extended over a part of the ship's length only, and
the ordinary centre girder is applied in the remaining part, they have to overlap at
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the length equal to at least a half of the double bottom height and flanged brackets
are to be fitted at the ends of girders. If the alteration of the centre girder structure
is situated within —0.3 Ly < x < 0.3 L,, the length of brackets is to be equal to at
least the double bottom height and in other cases — to at least 2/3 of the double
bottom height.

6.25 Arrangement of Side Girders

6.2.5.1 Side girders in the double bottom are to be fitted so that the distance
between the side girder and margin plate, or centre girder, or duct girder, as well as
the distance between adjacent side girders does not exceed the following values:

5 m — for longitudinal framing,

4 m — for transverse framing.

6.25.2 Side girders should be extended forewards and aftwards as far as possi-
ble. They should terminate at the floors or bulkheads. On the opposite side of these
floors or bulkheads, brackets, constituting extension of the girders over the length
not less than one frame spacing, should be applied.

6.2.5.3 Girders in the machinery space are to be fitted in accordance with the
location of the engine seatings and other gear of substantial weight.

6.26 Arrangement of Plate Floorsin Double Bottom

6.2.6.1 In the double bottom with transverse framing beyond the region of deep
tanks and machinery, the plate floor spacing is not to be greater than:

— six frame spacings for T <2 m;

— five frame spacings for 2 < T <5 m;

— four frame spacings for T > Sm.

6.2.6.2 In the double bottom with longitudinal framing, the plate floor spacing is
not to be greater than 3.0 m, and in way of deep tanks it is not to exceed 2.5 m.

6.2.6.3 In the double bottom within the machinery space with transverse fram-
ing, plate floors are to be fitted at every frame.

6.2.6.4 In the double bottom within the machinery space with longitudinal fram-
ing, plate floors are to be fitted with spacing not more than the double bottom
height. In way of the engine seating between external girders adjacent to the seat-
ing girders, plate floors are to be fitted with spacing two times lower than above.

6.2.7 Arrangement of Supporting Platesin Double Bottom

6.2.7.1 Supporting plates are to be fitted at both sides of the bottom centre girder
and at least at one side of stringers, duct girders and margin plate. In the case of
longitudinal framing, they are to extend to the nearest longitudinal. See also
6.3.3.4.
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6.2.7.2 A face plate or flange is to be provided for the free edge of the support-
ing plate.

6.2.7.3 In longitudinally stiffened double bottom, the supporting plate spacing is not
to exceed double bottom height and on the duct girders — half of double bottom height.
Where the ship side is transversely framed, supporting plates in double bottom
on the margin plate are to be fitted at every frame.
Docking brackets, extended to the nearest longitudinal, are to be fitted between
supporting plates on the centre girder.

6.2.7.4 In transversely stiffened double bottoms, supporting plates, constituting
parts of bracket floors, are to be fitted on frames without plate floors at bottom
centre girder and at margin plate.

6.2.8 Manholes, Holes and Cut-outs

6.2.8.1 To provide access to all parts of the double bottom, manholes are to be
cut in the inner bottom plating and holes are to be cut in plate floors and longitudi-
nal girders. The openings, their arrangement and size are to comply with the re-
quirements of sub-chapter 3.5 and with those given below.

6.2.8.2 Manbholes in the inner bottom plating are to comply with the require-
ments of Part 11l — Hull Equipment.

6.2.8.3 Manbholes in the inner bottom plating provided for the access to the fuel
tanks in way of the machinery space are to have coamings, the height of which is to
be equal to at least 100 mm.

6.2.8.4 The diameter of the lightening holes in brackets of the bracket floors is
not to be greater than 1/3 of the breadth of the brackets.

6.2.85 The distance between edges of two adjacent holes is not to be less than
half the breadth of the greater hole.

6.2.8.6  Only indispensable number of cut-outs and manholes is to be provided in
side girders and plate floors within x > 0.25 Lj.

6.2.8.7 The drain holes and air holes are to be cut in compliance with 3.5.1.1 and
3.5.1.5.

6.2.8.7.1 Openings are not to be cut in:

— the keel plate;

— the bilge strake within —0.3 Ly < x < + 0.3 Lo; the necessary holes are to be lo-
cated as far from the bilge keel as possible.

6.2.8.7.2 Holes are normally not to be cut in:
— bottom centre girder within x > 0.25 L,,
— side girders and floors under the supports and at the ends of longitudinal partitions,
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— bottom centre girder and in side girders between a transverse bulkhead and ad-
jacent plate floors,
— floors in areas adjacent to the margin plate and centre girder, as well as in way
of toes of transverse brackets supporting seatings of the main machinery.
In special cases, openings may be cut in members under consideration, provided
they are reinforced by stiffeners or by a flat bar welded to the edge.
Location and dimensions of holes may be also assumed on the basis of stress
analysis in accordance with the requirements given in Chapters 13 and 14.

6.2.9 Discontinuity of the Double Bottom

In areas where double bottom terminates, the smooth transitions from double
bottom girders to single bottom girders are to be provided.

The gradual transition of inner bottom plating into face plates of bottom centre
girder and bottom side girders, at the length equal to at least three frame spacings,
is to be provided. The width of these face plates at the double bottom ends is not to
be less than half the distance between adjacent side girders.

Margin plates are to be extended outside the double bottom and are to form
a bracket, the length of which is not to be less than three frame spacings, with flat
bar or flange at the free edge.

6.2.10 Alteration in the Double Bottom Depth

6.2.10.1 Change in the depth of the double bottom may be effected in the form
of two leaps or a step. Leaps of inner bottom are to be arranged on a transverse
bulkhead and plate floor.

Both leaps may be arranged on plate floors after special consideration by PRS
in each particular case.

6.2.10.2 When the depth of the double bottom is changed abruptly, the change
(step) is to be normally arranged on a transverse bulkhead.

6.2.10.3 In way of a step, the inner bottom plating of smaller height is to be ex-
tended by a distance of three frame spacings when Ly > 90 m and by two spacings
when Ly < 90 m.

When the step is outside —0.25 Ly < x < 0.25 L, or when its height is less than
660 mm, the double bottom structure in way of extension will be specially consid-
ered by PRS in each particular case.

6.2.10.4 Continuity of structure and reduction of stress concentration are to be
provided in places where the height of bottom centre girder, side girders, margin
plates and inner bottom longitudinals, if applied, is altered.

6.2.11 Drain Wéllsin Double Bottom

The depth of drain wells is normally not to be greater than that of the double
bottom within this region decreased by 460 mm. In ships with subdivision mark
affixed in the symbol of class, wells are not to be arranged below the horizontal
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line determined in 6.1.2.4. The well adjacent to the outer bottom plating may be
arranged only in the shaft tunnel afterbody.

6.3 Scantlings of Double Bottom Structural Members
6.3.1 DoubleBottom Depth

6.3.1.1 The double bottom depth is to be sufficient to assure free access to all
bottom parts.
It is recommended that the depth is not less than 650 mm.

6.3.1.2 The height of centre girder and the attached plate floors in principle is
not to be less than that determined from the formula:

h; =250+20B+507, [mm] (6.3.1.2)
For ships with a great rise of floors, the value of 4, may have to be increased.

6.3.1.3 Where requirements of 6.3.1.1 and 6.3.1.2 concerning bottom depth are
not complied with, the bottom strength is to be verified according to requirements
of Chapter 14.

6.3.1.4 In the machinery space, in way of seating of internal combustion main
engine and the gear, it is recommended that the height of the double bottom is in-
creased by 45% where the sump tank is under the main engine, and by 30% in
other cases.

6.3.2 Outer and Inner Bottom Plating

6.3.2.1 The thickness of plating of outer and inner bottom is to be determined
according to 13.2.2 and 13.4.2.

6.3.2.2 The thickness of bottom plating in the forebody is to be additionally
checked for slamming pressure according to 6.7.2.

6.3.2.3 The thickness of a keel plate is not to be less than that of the adjacent
bottom plating.

6.3.24 The width of a keel plate is not to be less than that determined from the
following formula:
b=800+5L,, [mm]. (6.3.2.4)

6.3.25 The thickness of the bilge plating is not to be less than that of the adja-
cent bottom plating and the ship's side plating.

6.3.26  When, according to the requirements of 2.2, steel grade higher than A is
required for bilge strake or outer bottom strake, to which an effective longitudinal
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bulkhead is attached, the breadth of the strake is not to be less than that required by
6.3.2.4.

6.3.2.7 The breadth of the sloped margin plate over the entire ship's length is not
to be less than:
b=0.0035L, + 0.40, [m] (6.3.2.7)

6.3.2.8 The breadth of the horizontal margin plate is not to be less than the bre-
adth of the tank side bracket increased by the height of the ship side frame section
and additionally by 50 mm.

Where bottom members are attached to ship side frames without tank side brac-
kets, the breadth of the horizontal margin plate is not to be less than that deter-
mined from formula 6.3.2.7.

6.3.2.9 The thickness of margin plate is to be greater than that of the inner bot-
tom, required in 6.3.2.1, in the same ship's region, as follows:

— the thickness of horizontal margin plate is to be increased by 1 mm,

— the thickness of sloped margin plate is to be increased by 2 mm.

The thickness of margin plate in the machinery space is not to be less than that
of inner bottom plating within the area in question.

6.3.2.10 The thickness of the sump walls and bottom is to be greater by at least
2 mm than that of the watertight floors within the area in question.

6.3.2.11 The thickness of floors, longitudinal girders and inner bottom plating
forming boundaries of sea chest is to be increased by at least 2 mm in respect of the
minimum thickness required for double bottom structure (including outer bottom
plating), or the thickness required in 13.4.2, whichever is the greater. The strength
of chest walls is not to be less than the local strength assumed for the outer plating
arranged in a given portion of the ship.

6.3.3 DoubleBottom Stiffeners

6.3.3.1 The scantlings of longitudinal and transverse frames in the outer and
inner bottom are to be determined in compliance with 13.5.

6.3.3.2 The scantlings of outer bottom frames in the forebody are to be addition-
ally checked for the action of slamming pressure in compliance with 6.7.

6.3.3.3 When determining the scantlings of double bottom frames, it should be
taken into account that vertical struts fitted between longitudinal or transverse
frames of inner and outer bottom are normally not regarded as the effective support
of the frames in question. Where the vertical struts are applied, the section modulus
for bottom frames may be reduced after special consideration by PRS. Where the
stiffeners of outer and inner bottom have the same section modulus, then a strut
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fitted in midst of their span may be considered for reduction of section moduli of
stiffeners by not more than 35%. See also 13.7.4.

6.3.3.4 The supporting plates or transverse stiffeners and end brackets are to be
fitted on inner and outer bottom plating between duct girders at every frame. The
height of brackets is not to be less than that of the stiffener. The scantlings of sup-
porting plates or stiffeners are to be determined from zone strength analysis of the
double bottom (see Chapter 14).

6.3.4 DoubleBottom Girders

6.3.4.1 The scantlings of bottom longitudinal girders and plate floors of double
bottom are to be determined in compliance with 13.6. Their thickness in the fore
peak is not to be less than:

t=12s+t¢t,, [mm] (6.3.4.1)

s — spacing of stiffeners, [m];
t — corrosion addition — see 2.5.

The scantlings of girder webs (in single or double bottom) in the fore part of the
ship are to meet additionally the requirements of 6.7.4.

6.3.4.2 Plates and stiffeners of double bottom girders forming bottom tank boun-
daries are also to be in compliance with the requirements applicable to the scant-
lings of plating and stiffeners of tank bulkheads.

6.3.5 Stiffenersof the Girders

6.3.5.1 Stiffeners are to be fitted at every floor within x > 0.25 L, and at every
floor of the height exceeding 900 mm outside this area.

For longitudinal framing, the stiffeners are to be applied in line with each longi-
tudinal, whereas for transverse framing, the stiffener spacing is not to be greater
than 1.5 m (see also 13.5.3.6).

6.3.5.2 In the double bottom with transverse framing, longitudinal girders are to
be stiffened at every frame (see also 6.2.7).

The longitudinal girders are to comply with the requirements for buckling
strength given in Chapter 13.

6.3.6 Supporting Plates

6.3.6.1 The thickness of supporting plates fitted at the bottom centre girder, duct
girders, side girders and at the margin plate being part of open floors, is not to be
less than that determined in compliance with 13.2.2.

6.3.6.2 The thickness of supporting plates not being part of open floors, provided
in compliance with the requirements of 6.2.7, is to be not less than that of plate
floors within the area in question.
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6.3.6.3 The breadth of supporting plates of open floors measured on the inner
bottom level is not to be less than 0.75 of the bottom height in way of centre girder,
duct girder and margin plate and not less than 0.35 of the bottom height in way of
side girders. Where frames of an open floor are not continuous in way of side
girder, the supporting plates are to be fitted on both sides of the girder.

6.3.6.4 The free edge in a supporting plate is to be stiffened by a face plate or
a flange of the width equal to 10 times the plate thickness is to be applied; the flan-
ge width need not exceed 90 mm.

6.4 Single Bottom Structural Arrangement
6.41 General

6.4.1.1 Application of pillars set on the bottom should, as far as possible, be
avoided, and appropriate support of above structure is to be assured, if necessary,
by means of supporting bulkheads and divisions.

6.4.2 Framing system

6.4.2.1 It is recommended that single bottom in ships with length L, > 65 m is
longitudinally stiffened.

6.4.2.2 If the bottom is longitudinally stiffened, the bottom longitudinals are to

comply with following requirements regarding continuity:

— in ships with L, > 40 m, the longitudinals are to pass continuously through the
floors, transverse bulkheads and divisions within —0.25 Ly < x < 0.25 Ly amid-
ship;

— in ships with Lo < 40 m over all length of the ship, and in ships with L, >40 m
outside —0.25 Ly < x < 0.25 Ly amidship, the longitudinals can be cut and welded
to them.

6.4.3 Arrangement of Bottom Girders

6.4.3.1 Bottom centre girder is to be fitted in the ship's centre line. It is to extend
fore and aft as far as possible. The centre girder is to be continuous within —0.3 Ly <
x<0.3 L.

6.4.3.2 Side girders are to be fitted at the distance not exceeding 2.5 m. It is rec-
ommended that they are continuous when passing through the transverse bulkheads
within —0.3 Lo<x < 0.3 L.

6.4.3.3 Girders in the machinery space are to be fitted in compliance with the
location of the engine seatings and other main gear.
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6.4.4 Arrangement of Floors
6.4.4.1 Within machinery space area the floors are to be fitted at each frame.

6.4.4.2 In the transversally stiffened bottom the plate floors are to be fitted at
each frame, over the whole length of the ship.

6.4.4.3 In the longitudinally stiffened bottom arrangement of the plate floors
outside machinery space and the ship ends shall be determined on the basis of local
and zone strength requirements.

6.5 Scantling of Single Bottom Girders
6.5.1 Height of Single Bottom

6.5.1.1 The height of centre girder and the attached plate floors in principle is
not to be less than that determined from the formula:

h=0.055B;, [m] (6.5.1.1)

B — breadth of space under consideration, measured in the middle of its length as
follows:
a) in case of single sides — as a distance between sides or distance between
side and longitudinal bulkhead, at the level of the upper edge of the floor,
b) in case of double sides — as a distance between inner sides or distance be-
tween inner side and longitudinal bulkhead.

6.5.1.2 The height of floors in the centre plane can be decreased by 10% pro-
vided that the floor section modulus will not be less than required in 6.5.3.4. In
a distance of 3/8 of the ship’s breadth from the centre plane height of the floors is
to be at least 50% of that required in the centre plane. In particular cases PRS may
accept deviation from this requirement.

6.5.1.3 In the single propelled ships upper edges of the floors in the afterpeak are
to terminate over stern tube.

6.5.2 Bottom Plating

6.5.2.1 Requirements 6.3.2.1 to 6.3.2.6 given for double bottom are to be com-
plied with.

6.5.3 Girdersand Bottom Frames
6.5.3.1 Bottom longitudinals scantlings are to be determined in compliance with 13.5.

6.5.3.2 The scantlings of the bottom frames in the forebody are to be addition-
ally checked for the action of slamming pressure in compliance with 6.7.

6.5.3.3 For longitudinal stiffening system of the bottom, scantlings of floors and
girders is to be established on the basis of stresses analysis as required in Chapter 14.
Provisions of 6.5.3.4 to 6.5.3.6 are to be complied with.
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6.5.3.4 Section modulus of the plate floors is not to be less than that determined
from the formula:
W = KaT,B,’, [cm’] (6.5.3.4)

K = 78-02B8By;
a floors spacing, [m];
T, design ship’s draught or 0.65 H, whichever is greater, [m];
By — see6.5.1.1.

The thickness of the floors is to be equal to at least 0.01 of their height in the
centre plane plus 3.5 mm, but doesn’t need to be greater than thickness of the bot-
tom plating.

6.5.3.5 In the single bottom amidship, the bottom centre girder plate thickness is
not to be less than determined from the formula:

t = 0.06L,+ 6, [mm] (6.5.3.5)

The thickness of the centre girder at the distance of 0.1 L, from perpendiculars
can be 1 mm less then that required amidship.

6.5.3.6 In the single bottom, the bottom side girder plate thickness amidship is
not to be less than determined from the formula:

t=0.06L,+ 5, [mm] (6.5.3.5)

The thickness of the side girder at the distance of 0.1 L from perpendiculars can
be by 1 mm less than that required amidship, but is not to be less than 5 mm.

6.5.4 Stiffenersof Single Bottom Floorsand Girders

6.54.1 Scantlings of the single bottom girders face plates are to comply with the

given below requirements:

— the width is not to be less than 1/20 of distance between tripping brackets or 75
mm, depending on that whichever is greater,

— the thickness is not to be less than 1/30 of symmetrical face plate width, and
1/15 of non-symmetrical face plate width, and in each case not less than girder
plate thickness.

6.5.4.2 Section area of the floors’ face plates with the minimum height deter-
mined from the formula 6.5.1.1 is not to be less than that determined below:

— in machinery space area A=5.0t, [cm’] (6.5.4.2-1)
— outside machinery space A =35t [cm’] (6.5.4.2-2)

6.5.4.3 The floors’ face plates can be substituted by flanges provided that section
modulus of the floor is increased by 5%. The flange width is to comply with re-
quirements of 6.5.4.1. The flanged floors are not to be applied in machinery space,
after-peak, and in ships with L, > 30 m also in area 0.25 L, abaft forward perpen-
dicular.



Bottom Structures 75

6.5.4.4 The scantlings of the floors' and longitudinals' webs stiffeners, as well as
their arrangement shall comply with the requirements of 3.6.

6.55 Bar Ked

The scantlings of a bar keel are not to be less than:
depth: #=100+5L,, [mm)] (6.5.5-1)
thickness: =10+ 0.6L,, [mm] (6.5.5-2)

6.6 Common Requirementsfor the Shipswith Single and Double Bottom

6.6.1 Arrangement of Girdersin Peaks

Plate floors or longitudinal girders in fore and after peaks supporting longitudi-
nal or transverse frames are to have spacing not exceeding 1.8 m. Heavy intersect-
ing girders or bulkheads arranged at distances generally not exceeding the smaller
0f 0.125 B or 5 m are to support the above-mentioned girders.

6.6.2 Complex Girder Systemsin Bottom

Where the bottom girders are connected with girders of other structures (e.g. si-
de or bulkhead girders) thus forming a complex girder system, it may be required
to check their scantlings on the basis of stress analysis according to Chapter 14.

6.6.3 BilgeKeds

A bilge keel is to be attached to the plating by the intermediate member (flat
bar) over the full length of the bilge keel.

Weld connection of the bilge keel to the intermediate member is to be weaker
than that of the member to the shell plating.

Bilge keel ends are to be smoothly tapered or rounded and are to be in line with
inner stiffenings of the hull.

6.7 Bottom Strengthening in the Forebody
6.71 General

The bottom forward is to be strengthened against slamming according to the re-
quirements given below.

6.7.2 Thickness of Bottom Plating

6.7.2.1 In ships of length Ly > 100 m, the thickness of bottom plating below the
waterline at d = 0.05 T}, above the keel, is to be not less than:

t =09k, ks ’;: +¢,, [mm] (6.7.2.1-1)
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2
k, = (1.1 - 0.25% . 1.0>k,>0.72 is to be taken;

k, = (1 -05 ﬁ) — correction factor for curved plates;
r
r — plate curvature radius, [m];

p. — slamming pressure, determined in accordance with 6.7.5 [kPa];
Tra— asin6.7.5;

s — spacing between stiffening measured along the plating, [m];
[ — span of stiffener or girder, [m];
t, — corrosion addition — see 2.5 [mm)].

For ships of length Ly < 100 m, the bottom plating thickness is not to be less
than:

t=09syp, +t,, [mm] (6.7.2.1-2)

6.7.2.2 Above the waterline defined in 6.7.2.1, the plating thickness is to be
gradually changed from the above determined value to the thickness of the side
plating in the hull cross-section under consideration.

6.7.3 Scantlings of Stiffeners

6.7.3.1 The section modulus of bottom longitudinals or floors supporting the
bottom plating defined in 6.7.2.1 and 6.7.2.2, after deduction of corrosion allow-
ances, is not to be taken less than:

2
w=0205P0 (6.7.3.1)

k

pu. — slamming pressure, determined in accordance with 6.4.5.
For the remaining symbols, see 6.7.2.1.

6.7.3.2 The cross-sectional area of the frame web is not to be less than:
A :%(1 —s)sp, +10ht,, [em’] (6.73.2)
p. — slamming pressure, determined in accordance with 6.7.5;
h — stiffener height, [m].
For the remaining symbols, see 6.7.2.1.

6.7.4 Girder Webs

6.7.4.1 The net weld connection area of continuous stiffeners with girders is to
satisfy the following formula:
24,<1.74,, + 4

A,» — connection area at flange, [cm?];
A,; — connection area at web, [cm?];
A, — see6.7.3.2.

(6.7.4.1)

ps
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6.7.4.2 In the double bottom below the waterline at d = 0.05 T}, above the keel,
the spacing of stiffeners on web plates or bulkheads near the shell plating is not to
exceed:

s, =0.09¢, [m] (6.7.4.2)

t — thickness of web or bulkhead plating, [mm)].

6.7.4.3 The sum of cross-sectional shear areas at the ends of girder or girder
system supporting any specified area of the bottom is not to be less than:

>4, = %lwbw Pu» [em’] (6.7.4.3-1)

p.  — slamming pressure, taken according to 6.7.5, in the middle of the girder
system area considered, [kPa];

I, b, — length and breadth of the loaded area supported by the girder or girder
system, [m];

107,b,,

0

cy = 0.05(1 - j , but not less than 0.025. (6.7.4.3-2)

6.7.5 Slamming Pressure

The design slamming pressure imposed on bottom plating in way of the fore-
body is to be determined from the following formulae:
— for ships of length Ly < 100 m:

p, =300./L, (1 - 20%) , [kPa] (6.7.5-1)
0

— for ships of length Ly > 100 m:

p, =55 Bbd(0.56— Lo —lj, [kPa] (6.7.5-2)
T, 1250 L,
C, =3L, for Ly<150m, (6.7.5-3)
C, =3/225-05L, for Ly>150m, (6.4.5-4)
207,
C, = 1675( 1 ——MJ ; (6.7.5-5)
LO

Tps — design heavy weather ballast draught at FP, [m];

By,s — the breadth of the bottom at the waterline positioned at z = 0.15 T, above
the keel measured at the cross-section considered, [m]; B, is not to be
taken greater than 1.35 T, or 0.55\/L—0 , whichever is the lesser;

u — distance from FP to the considered cross-section of the hull, [m]; the as-
sumed value of u# need not be less than u, calculated from the formula:

o35 Loj )
ul—(1.2 s o L,, [m] (6.7.5-6)
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For ships of length L, < 100 m, the pressure p, determined from formula 6.7.5-1
is to be applied to x > 0.3 L,. From the hull section x = 0.3 L, aft, this pressure may

be reduced linearly to zero at x = 0.1 L.
For ships of length Ly, > 100 m, the assumed distribution of slamming pressure

p. acting on the bottom is shown in Fig. 6.7.5.
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Fig. 6.7.5 Distribution of slamming pressure acting on the bottom

If the ship at the design ballast draught 7, is intended to have full ballast tanks in
the forebody and the load from the ballast will act on the shell plating, the slamming
pressure may be reduced by 14 4, [kPa] (4 — height of the ballast tank, [m]).
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7 SIDE STRUCTURES

7.1 Genera
7.1.1 Application

The requirements of this Chapter apply to ship’s side structure in compliance
with the definition given in A/2.5.

7.1.2 Span of Main Frames

The lower span of the frame in way of longitudinally stiffened single bottom
(see Fig. 7.1.2) is to be determined from the following formula:

[=1,-03r-15(w—h), [m] (7.1.2)
[y — wvertical distance between the bottom and the lowest deck or side stringer
supporting frames, [m];
r — bilge radius, [m];
w — the largest depth of bilge bracket measured perpendicularly to the flange,
[m];

h — height of frame, [m].

In other cases, the span of frames is to be taken according to 3.2.1.

~—

Side stringer
-

I (Deck)'

h

N

[

Fig. 7.1.2 Lower span of side frame in way of single bottom
7.2 Structural Arrangement
7.21 System of Framing

In the case of ships, where maximum slamming pressure on bottom acc. to
6.7.5, or slamming pressure on sides acc. to 7.4.5 exceeds 10 7, or increase of &,
(see 15.5.2.1) acc. to 15.2.2.2, application of longitudinal side stiffeners by the
bottom and strength deck is recommended.

Continuity of side longitudinals is to be maintained in the same way, and for the
same areas along the ship, as required for bottom and deck longitudinals (see
6.2.2.2).
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7.2.2 SideGirders

7.22.1 In the after peak, engine room and boiler room, side structure is to be
strengthened by means of web frames at spacings not exceeding 5 frame spaces.

7.2.2.2 To ensure adequate transverse hull rigidity, transverse bulkheads or web
frames connected in the same plane to deck transverses are to be fitted between
decks.

7.2.2.3 In the fore peak below the deck arranged above the design waterline,
platforms or side stringers and rows of stiffeners (panting beams) are to be fitted.
The distance between side stringers or platforms (measured vertically) is not to
exceed 2 m.

7.2.3 Openingsin Side Shell

7.2.3.1 No openings are to be arranged in the sheer strake and in way of plating
exposed to high shear stress. Round openings for side scuttles or for other purposes
may be arranged within the area considered, if necessary. The openings are to have
edge reinforcement according to 3.5.2. Openings in side shell are to be located
more than twice the opening height below strength deck or termination of rounded
sheer strake. The openings are to comply with the requirements of 3.5.

7.3 Scantlingsof Structural Members
731 Plating

7.3.1.1 The thickness of the side plating is to be determined according to 13.2
and 13.4.

7.3.1.2 In ships of Ly > 100 m, within the below-specified region, the thickness
of side plating is also to be not less than:

t=4s4 2D +t,, [mm] (7.3.1.2)
k*L,

s — spacing of frames supporting the side plating, [m];
D — displacement of ship at draught 7, [t].

The region in question extends between a section aft of amidships where the
breadth at the load waterline exceeds 0.9 B and a section forward of amidships
where the load waterline breadth exceeds 0.6 B and has been taken from the lowest
ballast waterline to z = T + z;, [m] (zo = 0.25 T but not less than 2.3 m).

7.3.1.3 The thickness of the side plating in the forebody is to be checked addi-
tionally for slamming pressure in compliance with 7.4.2, if applicable.
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7.3.2 Sheer Strakeat Strength Deck

7.3.2.1 The breadth of sheer strake is not to be less than that determined from the
formula:
b=800+5L,, [mm] (7.3.2.1)

but need not exceed 1800 mm.

7.3.2.2 The thickness of sheer strake within —0.25 Ly < x < 0.25 L, is not to be
less than that determined from the formula:

t+t
t= % , [mm] (7.3.2.2)
t; — required side plating thickness, [mm];
t, — required strength deck plating thickness, [mm], where #, > ¢,.

7.3.2.3 The thickness of sheer strake within x < -0.4 Ly, and x > 0.4 L, may be
equal to that of the side plating within this area. Between the midship portion of the
ship (—0.25 Ly <x £0.25 Ly ) and the extreme portions (x <—0.4 Ly and x > 0.4 L)
the thickness varies linearly.

7.3.24  Where rounded sheer strake is applied at the strength deck, the curvature
radius of cold rolled plates is not to be less than 15 7 (¢ — plate thickness, [mm]).

7.3.25 Where end bulkhead of superstructure is located within —0.25 Ly < x <
0.25 L, and the superstructure deck forms part of the strength deck, the thickness of
sheer strake is to be increased by 30% on each side of this bulkhead over the
lengths at least 3 m.

7.3.3 Stiffeners

7.3.3.1 The scantlings of transverse side frames in deep tanks, ‘tween decks,
machinery space and peaks are to be determined according to 13.5.

‘Tween deck frames are the frames between the lowest deck or the lowest side
stringers and the uppermost superstructure deck and between the collision bulkhead
and the after peak bulkhead.

7.3.3.2 When calculating, according to 13.5, the section modulus of main frames

with brackets at both ends, the following values of permissible stresses may be

used:

o= 185 k when external sea pressure p is used;

o= 165 k when internal pressure p due to cargo, provisions and ballast is used.
These permissible stresses are applicable if effective brackets are fitted at both

ends. The vertical arm length of effective brackets is not to be less than:

0.12 [ — for the lower bracket,

0.07 [ — for the upper bracket (/ — span of the main frame, [m]).
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The length of vertical arm of the lower bracket is to be measured from the upper
edge of the floor plate.

Where the length /, of the free edge of the bracket exceeds 40 ¢ ( ¢ — bracket
thickness), a flange or face plate of the width not less than 0.067 /, is to be fitted.

7.3.3.3 The section modulus of main frame, calculated for end parts of the frame
taking into account the cross-sectional area of the respective end brackets, is not to
be less than that required in 13.5 with / equal to the total span of frame (excluding
the end brackets) and with bending moment factor m equal to:

8 — for the lower end of the frame,

10 — for the upper end of the frame.

7.3.3.4 End brackets of main frames may be omitted, provided the frame is car-
ried through the supporting structures and the section modulus, determined accord-
ing to 13.5 assuming the total span /, is increased by 50%.

7.3.3.5 The assumed section modulus of the main frame is not to be less than
that of the ‘tween deck frame above.

7.3.3.6 The side frames supporting hatch end beams are to be reinforced to with-
stand additional bending moments from deck structure.

7.3.3.7 The section modulus of ‘tween deck frames and peak frames is not to be
less than that determined from the formula:

W=k, \/% , [em’] (7.3.3.7)

ki =4.0 for ‘tween deck frames,
ki1 =6.5 for peak frames.

7.3.3.8 Side framing in the forebody is to be checked additionally for slamming
pressure according to 7.4.3, if applicable.

7.3.3.9 The scantlings of panting beams in the forebody are to correspond to the
requirements of 13.7.4.

7.3.4 Tripping Brackets

When the span of frames exceeds 5 m or the flange width is less than 1/20 of
the span, a tripping bracket is to be fitted in the middle of the span. Within x > 0.35
Ly, except the fore peak, the tripping brackets are to extend to the adjacent frame.
The vertical distance between tripping brackets is not to exceed 2.5 m. The thick-
ness of the bracket is to be equal to frame web thickness or 10 mm, whichever is
the lesser.
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735 SimpleGirders

7.35.1 The scantlings of web frames and side stringers supporting the frames are
to be determined according to 13.5.

7.3.5.2 Cross ties may be regarded as effective supports for web frames when:

— the cross tie extends from side to side, or

— the cross tie is supported by other structures which may be considered suffi-
ciently rigid, or

— the load condition may be considered symmetrical with respect to the cross tie.

7.3.5.3 Cross ties regarded as effective supports for web frame may be taken into
consideration when determining the design span of the web frames, provided their
arrangement meets the following requirements:
— for web frames with one cross tie:
the cross tie is located (0.36 + 0.5) /,, from the lower end of web frame,
— for web frames with two cross ties:
the lower cross tie is located (0.21 + 0.3) /,, from the lower end and the upper
cross tie is located (0.53 + 0.58) /,, from the lower end of web frame (/,, — span
of web frame measured from the floor to the deck beam, [m]).
Web frames with more than two cross ties or with cross ties not located as given
above will be specially considered by PRS.
The cross ties are assumed to be spaced evenly on side stringers.

7.354 Web frames in the machinery space and in peaks are to have the web
height not less than that determined from the formula:
h=2L,l, [mm] (7.3.5.4)
The height / need not be greater than:
h=2007/, [mm]
[ — girder span, [m].

Girder flanges within the machinery space are to have a thickness not less than
357, [mm)].

Girder flanges are to have a thickness not less than 1/30 of the flange width for
symmetrical flanges and not less than 1/15 of the flange width when the flange is
asymmetrical.

7.3.5.5 In transverse framing structures — in the region forward of the collision
bulkhead and below the deck positioned above the design waterline — horizontal
side stringers are to be arranged. The vertical spacing of these stringers is not to
exceed 2 m.

The stringers are to be supported by rows of panting beams. The spacing of be-
ams may be equal to two frame spacings. Intermediate frames are to be connected
to stringers by means of brackets. Horizontal arms of brackets are to be of the
length equal to at least half the breadth of the stringer webs.
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Instead of panting beam rows, side web frames may be adopted. The spacing of
the web frames is not to exceed 3 m. In the case of longitudinal side framing, the
spacing of web frames is not to exceed 2.4 m.

The required value of the moment of inertia /,, of cross-section of panting beams
(with effective plate flange, if provided) is to be determined according to 13.7.3. It
may be also calculated using the simplified formula:

I, =6k TI*, [cm*] (7.3.5.5)
k= i , but not less than 1.0;
24

A — side plate area supported by the panting beam in question, [m’];
[ — span of the panting beam, [m].

7.3.6 Complex Girder System

The scantlings of girders being part of a complex system may be required to be
based on direct stress analysis in compliance with the requirements of Chapter 14.

7.4 Strengthening of the For ebody
7.4.1 Application

The requirements of the present sub-chapter are applicable to all ships and cover
the forebody within z > 7', and along the ship to the section at 0.1 L, from FP abaft,
with regard to the wave impact pressure.

In general, only ships with length Ly > 100 m, greater service speed and large
flare in the forebody will require the strengthening to be provided.

7.4.2 Shell Plating

7.4.2.1 The thickness of shell plating in way of the region in question is not to be
less than that determined from formula 6.7.2.1-1, with impact pressure p, deter-
mined according to 7.4.5.

7.4.2.2 Outside the bow region, the shell plating thickness is to be gradually
reduced to the value required outside this region.

7.4.3 Scantlingsof Stiffeners

7.4.3.1 The section modulus and cross-sectional area of the stiffener web of side
longitudinals and transverse frames are to comply with the requirements of 6.7.3
taking the value of p, as given in 7.4.5.

7.4.3.2 Outside the bow region, the scantlings of the stiffeners may be gradually
reduced to the value required outside this region.

7.4.3.3 Tripping brackets (see 7.3.4) are to be applied where frame webs are not
perpendicular to the side plating.
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7.4.4 Other Requirements

7441 Webs of web frames, stem horizontal brackets, side longitudinal string-
ers, decks and bulkheads in the forebody are to have a plate thickness not less than:

,_65+015p,

Jk
pu. — pressure as given in 7.4.5.
For the remaining symbols, see 7.4.4.4.

+t,, [mm] (7.4.4.1)

7.4.4.2 The spacing of stiffeners on girder web plates or decks near the shell
plating is not to exceed:
s, =009z, [m] (7.4.4.2)

t — thickness of deck plating or girder web in question, [mm].

7.4.43 The net section modulus of girders in the bow region (after deduction of
corrosion allowances) is not to be less than that determined from the formula:

2
_ %  [em?] (7.4.4.3)

For symbols, see 7.4.4.4.

7.4.44 The web cross-section area at each end of a girder is not to be less than
that determined from the formula:
4= 0.02/bp,

S

+10h,t,, [cm’] (7.4.4.4)

pu — pressure determined according to 7.4.5;
h,, — girder web height, [m];

[ girder span, [m];

b breadth of plating supported by a girder, [m];
t, — corrosion allowance (see 2.5), [mm];

k — material factor.

745 Impact Pressure

The design impact pressure acting on forebody side plating is to be determined
from the formula:

2
p,=c(22+151g a)(0.4v sin f+ 0.6y, ) . [KkPa] (7.4.5-1)
c= 0.18(CW - O.Sho) , but not more than 1.0; (7.4.5-2)
Cw — wave coefficient — see Chapter 17,
hy — vertical distance of the point in question from the design waterline, [m];
v — speed of the ship;

Ly — design length of the ship;
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o — flare angle measured in plane perpendicular to the waterline in the point in
question — see Fig. 7.4.5;
f — angle measured in the plane of waterline with the point in question, be-

tween the centre line and the line tangent to the plating in the point in ques-
tion — see Fig. 7.4.5.

The angle a may be determined from the formula:

tgg=1"% (7.4.5-3)

Zy

for aj, a», z, — see Fig. 7.4.5.
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Fig. 7.4.5 Side plating flare angle

Note: If the values of a; and a, differ considerably, the pressure p, is to be determined for several
waterlines.
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8 DECKS
8.1 General
811 Application

8.1.1.1 The requirements of the present Chapter apply to deck and platform
structures according to the definition given in A/2.4.

8.1.1.2 Additional requirements regarding the decks intended for the carriage of
vehicles are given in Chapter C/10, and for helidecks in Chapter C/9.

8.2 Structural Arrangement

821 System of Framing

Ships with length Ly > 100 m are to have longitudinal stiffening system in the
strength deck out of hatchway openings. In deck areas between hatches preferable
is transverse system of framing.

8.2.2 Deck Longitudinals

When the strength deck is longitudinally stiffened it is recommended that the
longitudinals pass continuously through all transverse members within —0.25 Ly < x
<0.25 Ly,

In ships with 40 m < Ly < 100 m, the longitudinals may be cut at transverse
members within —0.25 Ly < x < 0.25 Ly; in that case continuous brackets crossing
the members and connecting the ends of the longitudinals are to be fitted or the
structure continuity is to be otherwise provided;

In ships with Ly > 40 m outside —0.25 Ly < x £ 0.25 Ly, and in the ships with
Lo £ 40 m, the longitudinals may be cut at transverse members and welded or con-
nected to them by brackets.

8.2.3 Deck Structure between Hatches

8.2.3.1 Where deck longitudinals are used in deck areas between hatches, the
plate thickness is to be increased to ensure transverse loads’ stability, or transverse
intercostals are to be fitted.

8.2.3.2 Transverse beams are to be extended to the second longitudinal from the
hatch side. Where this is impracticable, transverse beams are to be extended to the
second longitudinal by means of intercostals or brackets.

8.2.3.3 The stiffening of the upper part of a plane transverse bulkhead is to en-
sure sufficient stability of the all structure under transverse compressive loads re-
sulting from compressive loads on sides (see also 8.4.1).
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8.3 Scantlingsof Structural Members
8.3.1 Plating

8.3.1.1 The thickness of the deck and platform plating is to be determined ac-
cording to 13.2 and 13.4. In addition, the plating of decks forming boundaries of
tanks is to comply with the requirements for watertight bulkheads at heights corre-
sponding to those at which the decks are located.

8.3.1.2 The thickness of the stringer plate in way of the strength deck is not to be
less than that of the adjacent deck plating. If, in the ship with L, > 65m, the end
bulkhead of a superstructure is located on the strength deck within —0.25 Ly < x <
0.25 Ly , the stringer plate thickness is to be increased by 20% for a length of 3 m
on each side of the superstructure end bulkhead.

8.3.1.3 The breadth of stringers plate or strakes in way of longitudinal bulkhead
subjected to hull longitudinal bending, which are to be of steel grade B, D or E, is
not to be less than that determined from the formula:

b=800+5L,, [mm] (8.3.1.3)
but need not exceed 1800 mm.
8.3.2 Stiffeners

The scantlings of beams and deck longitudinals of decks and platforms are to be
determined according to 13.5. Additionally, these scantlings are to comply with the
relevant requirements for stiffeners of watertight bulkheads in the case of decks
and platforms forming tank boundaries.

8.3.3 Scantlingsand Arrangement of Deck Girders

8.3.3.1 The scantlings of such simple girders as: deck stringers, deck transverses
and hatchway end beams, as well as hatch coamings regarded as deck girders are to
comply with the requirements of sub-chapter 13.6.

8.3.3.2 The requirements regarding scantlings of hatch side cantilevers are given
in 8.3.5.

8.3.3.3 The longitudinal girders in a deck or platform being the top of a tank are
to be arranged in line with the vertical girders of transverse bulkhead.

The flange area is to be at least 1/7 of the sectional area of the web plate and the
flange thickness is to be at least 1/30 of the flange width.

8.3.3.4 Transverse girders are to be fitted in the lowest deck in the engine room
in line with web frames. The depth of transverse girders is to be at least 50% of the
height of web frames, whereas the web thickness and face plate scantlings are to be
equal to the appropriate scantlings of the web frame.
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8.3.4 Complex Girder Systems

The scantlings of girders being part of complex girder systems may be required
to be based on a direct stress analysis in compliance with the requirements of
Chapter 14.

8.3.5 Scantlingsof Hatch Side Cantilevers

8.35.1 The requirements of the present sub-chapter apply to the scantlings of
hatch side cantilevers, including web frames which may be regarded as simple
girders (see Fig. 8.3.5.1).

7
— Lhr

The stress analysis according to Chapter 14 is to be carried out where other
structural solutions are applied.
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Fig. 8.3.5.1 Hatch side cantilevers

8.3.5.2 For the purpose of the present sub-chapter, the following symbols have

been used:

a, e — corner dimensions (see Fig. 8.3.5.1), [m];

— effective breadth of face plate, [cm];

— half of actual face plate breadth, [cm];

— span of hatch side cantilever, [m];

— concentrated force acting in way of intercrossing of the cantilever with the
hatch coaming due to the load acting on the hatch cover and on the trans-
versely stiffened deck, [kN];

Q — distributed load from cargo acting on longitudinally stiffened deck:

O = plb, [kN];
by — Dbreadth of the loaded area equal to the spacing of cantilevers, [m];

TS

p — design pressure due to loading calculated according to Chapter 16,
[kPa];
O = 0 for transversely stiffened deck;
u — distance of the considered cantilever cross-section from its end (see Fig.

8.3.5.1), [m].
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8.3.5.3 The section modulus of a cantilever and a web frame (sections A-A and
B-B, see Fig. 8.3.5.1) is not to be less than:

W=%l(P+O.5Q), [cm’] (8.3.5.3)

8.3.5.4 Effective breadth of the flange b, is to be determined as follows:
— for not rounded connection of the cantilever with the web frame (see Fig.
8.3.5.1 a, b):
b,=2b, [cm] (8.3.5.4-1)
— for the rounded connection of the cantilever with the web frame (see Fig.
8.3.5.1 ¢):

b,=2Kb, [cm] (8.3.5.4-2)

K=1- kl(l - 2 ) (8.3.5.4-3)
c+2

ki — coefficient taken from Table 8.3.5.4;
¢ — coefficient determined from the formula:
bZ
c= 8.3.5.4-4
T ( )

m
R — radius of curvature, [cm];

tn, — the flange thickness; ¢, > 1% [cm] is to be taken.

B m =

Table8.3.5.4
Values of k; coefficient

s/b ky
0<s/h<2 0.1 s/b
2<s/hb<4 0.1 3s/b—4)
4<s/b<8 0.05 (s/b+12)

s — spacing of stiffeners according to Fig. 8.3.5.1, measured along the edge of the face plate, [cm].

8.3.5.5 The breadth of the effective flange of the deck and shell plating is to be
taken as 0.4 [ . The assumed breadth is not to be greater than the spacing between
the cantilevers and the distance e (see Fig. 8.3.5.1).

8.3.5.6 The net sectional area of the cantilever web is not to be less than:

_ 012 )
4,== (P Q) [cm’] (8.3.5.6)

8.3.5.7 The thickness of the corner web plate in way of the sections A-A and B-B
in Fig. 8.3.5.1 is not to be less than:
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. 0.012 (

P+050) [mm] (8.3.5.7)

)
; s
The corner web plate made in compliance with a and b (Fig. 8.3.5.1) is to be
additionally strengthened if the dimensions @ and e exceed 70 ¢ .

8.4 Additional Requirements

8.4.1 Transverse Strength of Deck between Hatches

In ships with large hatch openings, it is to be checked that the effective deck
cross-section area between hatches is sufficient to withstand the transverse load
imposed on the ship’s sides. Bending and shear stresses may also arise as the result
of loading on the transverse bulkhead adjacent to the deck area and also as the re-
sult of displacements due to torsion in the hull girder.

Reinforcements to reduce the additional stresses will be considered by PRS in
each particular case. The effective cross-section area of the deck structure between
adjacent hatches is composed of cross-sections areas of:

— deck plating,

— transverse beams,

— transverse deck girders,

— hatch end beams (after separate consideration),

— transverse bulkhead (plane or horizontally corrugated) down to base of top wing
tank or to 0.15 H from deck, whichever is the lesser.

Corrosion allowances are to be deduced when calculating the effective cross-
section area.

The compressive stress is not to exceed 120 & , [MPa] nor 80% of the critical
buckling stress of the deck and bulkhead plating. The buckling strength of stiffen-
ers and girders is to be also checked.

8.4.2 Strengthening at Deck Break

The strengthenings at deck break will be specially considered by PRS in each
particular case.

8.4.3 Supporting of Lifting Appliances

8.4.3.1 Masts and columns are to have effective supports and their design is to
provide the connection with at least two decks or with one deck and a masthouse of
sufficiently strong structure.

8.4.3.2 The deck is to be sufficiently stiffened and strengthened in those places
where standing rigging, guys and topping lifts are fitted.

8.4.3.3 Strengthening of the deck structure by girders, supported additionally by
pillars, if necessary, is to be provided under the longitudinal girders of seatings of
gear arranged on the deck. Those strengthenings will be specially considered by
PRS in each particular case.
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8.5 Openingsin Decks
851 General

85.1.1 The width of openings of single cargo hatches is not to exceed 0.6 of the
ship’s breadth in way of the opening. Where the opening breadth is greater and in
the case of double and triple hatches, the deck structure will be specially consid-
ered by PRS with particular attention paid to the hatch corners and their strengthen-
ings.

8.5.1.2 Openings in decks other than hatch openings are to comply with the fol-

lowing requirements:

— as far as possible, openings in the strength deck within —0.3 Ly < x < 0.3 Ly are
to be arranged between the hatches;

— openings in strength deck between the ship’s side and line of hatch openings are
to be well clear of the hatch corners and side;

— openings in the remaining areas and decks are to be sufficiently clear of the
corners of hatch openings and areas where increased stresses may occur;

— the requirements of sub-chapter 3.5 regarding the performance, arrangement
and strengthening of openings are to be complied with.

8.5.2 Hatchway Corners

8.5.21 The shape of hatch opening corner within —0.3 Ly <x < 0.3 L, is to com-
ply with the following requirements:
— where a corner of circular shape is applied, its radius is not to be less than:

R=0.03(1.5+%](Bl ~b), [m] (8.5.2.1-1)

b — breadth of hatchway, [m];

By — breadth of the ship in way of the considered opening, [m];

a — distance between transverse edges of adjacent hatchways (the width of
“cross deck structure” between hatchways), [m].
It may be taken that:

%31 and 75<(B, -b)<15;

— where a corner with double curvature is applied, the radius may be reduced, the
amount of this reduction being specially considered by PRS;

— where a corner of elliptical shape is applied, the transverse extension of curva-
ture is not to be less than that determined from the formula:

d,= 0.025(1.5 + Bi)(B1 ~b), [m] (8.5.2.1-2)

1
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8.5.2.2 The radius of curvature in hatchway openings in the remaining areas of
the strength deck and the second deck located above 0.7 H may be by 50% less
than that calculated from formula 8.5.2.1-1, but it is not to be less than 0.2 m.

8.5.2.3 The radius of curvature in hatchway openings on decks and platforms
other than those specified above and on the upper deck in ships with L, < 40 m
may be equal to 0.15 m.

8.5.3 Deck Strengthening in Way of Hatch Corners

8.5.3.1 Where hatch corners of circular shape are applied, the thickness of deck
plates in strength deck in the area of hatch corners is to be increased by 25% in
relation to the thickness required for this area.

8.5.3.2 The longitudinal extension of the thicker plating beyond the hatchway
edge is not to be less than 1.5 R in fore and aft direction, whereas the transverse
extension is not to be less than 2 R (for R — see formula 8.5.2.1-1).

8.5.3.3 The butt between the thicker plating at the hatch corner and the thinner
plating in the deck area between the hatches is to be located at least 100 mm inside
the point at which the curvature of the hatch corner terminates.

8.6 Coamings
8.6.1 General

8.6.1.1 The requirements regarding the coaming heights are covered by Part Il
— Hull Equipment.

8.6.1.2 Continuous, as well as non-continuous longitudinal hatchway coamings,
if extended by continuous longitudinal deck girders, are to be made of steel of the
same grade as the deck structure.

8.6.1.3 The upper edges of cargo hatchway coamings are to be smooth.
8.6.2 Structureof Provision Stores Hatchway Coamings

8.6.2.1 Vertical plates of longitudinal coamings are to be extended below the
deck to the depth equal to at least the depth of deck beam sections.

Where the longitudinal coaming does not form a part of girder structure, its part
located below the deck is to be extended by at least two frame spacings outside the
hatch end beams.

8.6.2.2 Where vertical plates of the hatch transverse coaming are not in line with
the hatch end beam, the considered plates are to be extended under the deck by at
least three beam spacings outside the longitudinal hatch coamings.

8.6.2.3 Where longitudinal coamings act as deck girders, they are to be extended
under the deck and duly connected to the hatch end beam. The diamond plates are
to be fitted in way of junction.
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8.6.24 Ends of side coamings at the hatchway corners on strength deck are to be
bent along the corner curvature and butt welded to the transverse coamings, or
longitudinal and transverse coamings are to be extended with use of brackets out-
side the corners.

The brackets are to provide a smooth transition of coamings to girders under the
deck.

8.6.25 Where the web plate of a hatch side coaming does not exceed 0.6 m in
height, it is to be stiffened with vertical stiffeners at each frame or at spacings of
about 60 times the web thickness. Tripping brackets are to be fitted on every sec-
ond frame and the upper edge of the coaming is to be strengthened by a stiffener.

8.6.2.6 Hatchway coamings extending 0.6 m and more above the deck are to be
stiffened by a horizontal stiffener not more than 0.25 m from the upper edge of the
coaming. Where the coaming length exceeds 3 m, coaming brackets are to be fitted
at distances not exceeding two frame spacings between the horizontal stiffener and
the deck.

Strengthening of coamings with the height exceeding 0.9 m and the coamings of
power operated hatch covers will be specially considered by PRS.

8.6.3 Scantlings of Hatchway Coamings

8.6.3.1 The scantlings of coamings acting as deck girders or hatch end beams are
to comply with the requirements given in 8.3.3.

8.6.3.2 Hatchway coamings of holds intended for ballast or liquid stores are to
satisfy the requirements for the tank bulkheads given in 9.3.

8.6.3.3 The thickness of hatchway vertical coamings plate in ships with length
Lo > 60 m is not to be less than 11 mm.

8.6.3.4 Stiffeners, brackets and coamings are to be able to withstand the local
forces set up by the clamping devices and/or the handling facilities necessary for
securing and moving the hatch covers, as well as mass forces from the stores
stowed on the hatch covers (see also Part Il — Hull Equipment).

8.6.4 Ventilator Coamings

8.6.4.1 The thickness of ventilator coamings situated on the freeboard deck and
on the exposed superstructure decks within x > 0.25 L, is not to be less than that

determined by the formula:
t=001d +5, [mm] (8.6.4.1)

d — internal diameter or the length of the greater side in the case of rectangular
coaming, [mm].
The thickness ¢ is not to be less than 7 mm and it need not exceed 10 mm.
The thickness of coamings situated on the decks of the first tier in superstruc-
tures within x < 0.25 Ly may be reduced by 10% as compared to that required for
the coamings on the freeboard deck.
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8.6.4.2 Where the thickness of the deck plating is less than 10 mm, the plate of
the length and breadth not less than twice the diameter or twice the length of the
greater side of the coaming and of thickness not less than 10 mm is to be provided
in way of the coaming.

Where suitable connection between the coamings and deck structure is pro-
vided, the above-mentioned plate is not required.

8.6.4.3 Where the ventilator coaming is higher than 900 mm, it is to be con-
nected to the deck by means of brackets.

8.6.5 Coamingsof Companion-hatchesand Skylights

The structure of the coamings of companion-hatches and skylights is to be of the
strength equivalent to that of cargo hatches; the thickness of coamings is not to be
taken less than 7 mm, but need not be greater than that of the deck at the coaming.

8.7 Pillars
8.7.1 Arrangement and Attachment of Pillars

8.7.1.1 The pillar axis in ‘tween deck spaces and stores spaces are normally to be
fitted in the same vertical line. Deck longitudinal and transverse girders in way of
pillars are to be strengthened.

8.7.1.2 A doubling plate on the inner bottom or deck plating under the heel of a
pillar of more than 125 mm in diameter is to be fitted (if the end brackets of the
pillar are not provided). The doubling plate is to be welded continuously at its cir-
cumference. The thickness of the doubling plate is not to be less than:

t=i+10, [mm] (8.7.1.2)

245
P — nominal axial force in the pillar according to 13.7, [kN].

The diameter of the doubling plate is to be by 6 ¢ greater than that of the pillar.

8.7.1.3 The ends of heavily loaded pillars and those exposed to considerable
dynamic loads, pillars of diameter exceeding 350 mm, as well as all pillars of non-
circular cross-section are to be fastened by means of brackets fitted above or under
the deck, or in other equivalent way (conical inserts), irrespective of doubling
plates, so as to ensure transfer of load between the pillars and to the structure of
decks or inner bottom.

8.7.2 Scantlingsof Pillars
8.7.2.1 Cross-section area of a pillar is to be determined according to 13.7.

8.7.2.2 The thickness of walls in tubular pillars is not to be less than that deter-
mined from the formula:
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d
t=—2+35, [mm 8.7.2.2
0 [mm] ( )

and is not to be less than 6 mm.
d. — outer diameter of the pillar, [mm].

8.7.2.3 The web thickness of section built pillars is not to be less than that de-
termined from the formula:

f=_5

,  [mm] (8.7.2.3)

and is not to be less than 6 mm.
hy — height of the cross-section of the pillar web plate, [mm].

8.7.3 Pillarsin Tanks

8.7.3.1 Where the hydrostatic pressure may induce the tensile stress in pillars,
the pillar sectional area is not to be less than that determined from the formula:

2
A4,=007F,p,, [cm’] (8.7.3.1)

F, — deck area supported by pillars, [m?];
pp — design pressure giving tensile stress in pillars, [kPa].

8.7.3.2 Pillars in tanks are to be made of plates or open sections.

8.7.3.3 End brackets are to be fitted instead of end doubling plates specified
in 8.7.1.2.

8.8 Deck Strengthening for Containers
8.8.1 TheDeck Structurein the Area of Containers

8.8.1.1 In the deck structure intended for stowage of containers, adequate, strong
system of stiffeners or girders, in areas of lashing sockets and under lashing eyes
used for containers lashing, is to be provided.

8.8.2 Design Loads

8.8.21 Permissible values masses of containers are to be specified in the Load-
ing Manual (see 15.14).

Unless otherwise specified in the Loading Manual, the maximum mass of con-
tainers is to be taken as follows:
— 24 t- 20’ container;
— 30.5 t—40’ container.

8.8.2.2 When determining dynamic loads from containers (inertial forces), pos-
sible combinations of vertical, transverse and longitudinal loads are to be consid-
ered according to principles in 17.6.8.
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It may be assumed that transverse and longitudinal loads do not act simultane-
ously.

Containers, the side walls of which will be exposed to wind, are to be consid-
ered for a wind force, which may be taken as follows:

Py=17.5kN for 20’ containers,

Py=350kN for 40’ containers.

Horizontal dynamic loads are to be considered in combination with the wind
force Py.

8.8.3 Strength of stiffening system in container stowage area is to be checked for
loads assumed in 8.8.2.2 in line with methods required in Chapter 14, applying
permissible stresses values specified there.
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9 BULKHEADS
9.1 Genera

9.1.1 Application

The requirements of the present Chapter apply to bulkhead structures and their
arrangement in compliance with the definition given in A/2.5.

9.1.2 De€finitions

Lr — the length of the ship — 96% of the total length of the ship measured on a
waterline plane equal to 0,85 moulded depth of the hull, or length meas-
ured on that plane from the fore edge of the stem to the axis of the rudder-
stock (to the transom — for ships without classic rudders), whichever is gre-
ater. If a shape of the ships’ bow or stern differs from usually applied, the
length Lr will be specially considered by PRS.],

Tr — ship draught equal to 0.85 Hp, [m],

Hr — the least moulded depth measured to the freeboard deck, [m],

O0r — hull block coefficient corresponding to 7r draught,

= Vr (9.1.2)
L.BT;
FPr— fore perpendicular defined for L waterline.
hy — height of superstructure, [m].
Ve — moulded volume of submerged part of the ship corresponding to 7 drau-
ght, [m].

9.2 Subdivision
9.21 General Requirements

9.2.1.1 The requirements of Part IV — Stability and Subdivision applicable to
subdivision of a hull into watertight compartments are to be complied with.

9.21.2 The following transverse watertight bulkheads are to be fitted in all ships:
— collision bulkhead,
— after peak bulkhead,
— bulkheads at each end of the machinery space (the aft bulkhead of it may also
act as an after peak bulkhead).
For ships without longitudinal bulkheads, the total number of watertight trans-
verse bulkheads is not to be less than that given in Table 9.2.1.2.
The distance between the adjacent bulkheads is not to exceed 30 m; an increase
in this distance will be specially considered by the PRS in each particular case.
After special consideration of the arrangement and strength by the PRS, the
number of watertight bulkheads may be reduced.
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Table9.2.1.2
Number of transver se watertight bulkheads
Ship length Ly, Machinery space location
[m] Aft" Elsewhere
Lr <65 3 4
65< L <85 4 4
85< L <105 4 5
105 < Lp <125 5 6
125 < Lp <145 6 7
145 < Lp <165 7 8
165 < Lp <190 8 9
Lr > 190 As agreed with PRS

! The after peak bulkhead forms the after boundary of the machinery space.

9.2.1.3 Location of the transverse bulkheads or partial bulkheads under super-
structures or deckhouses end bulkheads, as well as under crane masts, heavy
equipment and the ship’s armament is recommended.

The said bulkheads are to be of adequate strength and rigidity to withstand static
and dynamic loads from the supported members.

9.2.2 Position of Collision Bulkhead

9.2.2.1 The distance /. from the perpendicular FPr to the collision bulkhead is to
be taken between the following limits:

for Lp<200m: 0.05L, —/, }<Z <008L, 1. [m] ©.22.1)
for Lp>2200m: 10—/, TeT TR e o
where:
— for ships with ordinary bow shape:
l,=0;

— for ships having any part of the underwater body extending forward of FPr,
[, 1s to be taken as the smallest of:

1,=0.5 I, [m],
1,=0.015 Lr, [m],
l,=3.0, [m],

where /;, is determined as shown in Fig. 9.2.2.1.
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Fig. 9.2.2.1 Position of collision bulkhead

9.2.2.2 Steps or recesses in the collision bulkhead are also covered by the above
requirements.

9.2.2.3 In ships having a visor or doors in the bow and a sloping loading ramp
forming a part of the collision bulkhead above the upper deck, that part of the
closed ramp which is more than 2.3 m above the freeboard deck may extend for-
ward of the limits specified in 9.2.2.1 (see Fig. 9.2.2.3). The condition expressed
by formula 9.2.2.1 is to be complied with.

The ramp is to be arranged for weathertight closing over its entire length.

23 m

Freeboard deck

Tr

Fig. 9.2.2.3 Collision bulkhead with a ramp

9.224 Upon agreement with PRS, the distance of the collision bulkhead from
FPr may be increased with respect to that determined in 9.2.2.1 if emergency wa-
terline is in each case below the freeboard deck after flooding the forepeak.

9.2.3 Vertical Extension of Watertight Bulkheads

9.23.1 All watertight bulkheads are to extend to the upper deck. After peak
bulkhead may terminate at the first watertight deck above the design waterline —
provided that the deck, in area of the bulkhead in question and abaft, is watertight.
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9.2.3.2 For ships with a continuous deck below the freeboard deck and where the
draught is less than the depth to the second deck — all bulkheads, except the colli-
sion bulkhead, may terminate at the second deck — provided that all stability and
subdivision criteria specified in Part IV — Stablity and Subdivision are complied
with. In such cases, however, the engine casing between the second and upper deck
is to be arranged as a watertight structure and the second deck is to be watertight
outside the casing above the engine room.

9.2.3.3 For ships having complete or long forward superstructures, the collision
bulkhead is to extend to the next deck above the freeboard deck. The extension
need not be fitted directly over the bulkhead below, provided the requirements of
9.2.1 are complied with and the part of the freeboard deck forming the step is made
watertight.

9.24 Cofferdams

9.24.1 Cofferdams are to be arranged to separate:

— fuel tanks from accommodation, duty and cooled spaces and fresh water tanks,
lubricating oil and vegetable oil tanks;

— oil tanks from accommodation, duty and cooled spaces, fuel and fresh water
tanks;

— fresh water tanks from fuel, lubricating oil and sewage tanks.
The width of vertical cofferdams is to be not less than 0.6 m and the height of

the horizontal cofferdams not less than 0.7 m, unless specified otherwise.
Cofferdams are to be accessible to survey and repairs. The cofferdam forward

of the collision bulkhead (forepeak) is not considered as cofferdam.

9.24.2 Where fuel oil tanks have to be located in the machinery space or in
close vicinity, the tanks are to be so designed as to avoid direct interaction with
their bulkheads high temperatures generated by possible fire in machinery space.

9.25 Minimum Bow Height

9.25.1 The required bow height H,, as the vertical distance at the forward per-
pendicular FPy from the design waterline to the top of the exposed deck at side, is
given by the formula:

L .

H,=56L, (1 ——FJl, [mm] (9.2.5.1)
500/5, +0.68

Or — block coefficient, not to be taken less than 0.68.

9.25.2 Where the bow height is obtained by fitting a forecastle, such forecastle

1s to extend from the stem to a transverse section of hull at least 0.07 Ly from fore
perpendicular FPr abaft.
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9.25.3 Where the bow height is obtained by increasing the sheer of the upper
continuous deck, the sheer is to extend from the stem to a transverse section of hull
at least 0.15 L from fore perpendicular FPr abaft.

9.2.6 Gastight Bulkheads

Gastight bulkheads are to be arranged and designed in compliance with provi-
sions set out in C/2 and C/4.

9.3 Structural Arrangement
9.3.1 General Requirements

9.3.1.1 The peak tanks are to have centre line wash bulkheads when the breadth
of the tank exceeds 2/3 B.

9.3.1.2 In ships with machinery space situated amidships, a watertight shaft tun-
nel is to be arranged. The PRS may accept that the shaft tunnel is omitted provided
the shafting is otherwise effectively protected. Bearings and stuffing boxes are to
be accessible.

9.3.1.3 The stern tube is to be fitted in the watertight compartment. The stern
tube stuffing box is to be fitted in the watertight shaft tunnel or in other watertight
space separated from the stern tube compartment.

9.3.1.4 Openings may be arranged in watertight bulkheads if they and their clos-
ing appliances comply with the requirements of Part III — Hull Equipment.

9.3.2 Structure of Longitudinal Bulkheads

Within —0.25 Ly < x < 0.25 Ly, in the areas 0.15 H above the bottom and 0.15 H
below the strength deck, continuity of bulkhead longitudinals is required for bot-
tom and deck longitudinals, respectively.

9.3.3 Corrugated Bulkheads

9.3.3.1 Transverse and longitudinal tank and hold bulkheads may be corrugated.
The lower and upper parts of longitudinal bulkheads with horizontal corrugation
are to be plane for a distance not less than 0.13 H measured from the bottom and
deck, respectively.
The transverse corrugated bulkheads with vertical corrugations are to be plane
for a distance not less than 0.08 B measured from the ship sides.

9.3.3.2 Design spacings of stiffenings in corrugated bulkheads are assumed as
follows (see Fig. 9.3.3.2):
— for plate thickness calculation, the greater of the values:

s=1.05s, or s=1.05s; [m]-—in general,
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s=s, or s=s3 [m]—where the web plates are perpendicular to the attached
plating;
— s =y, for corrugated bulkheads required section modulus calculations.

Fig. 9.3.3.2 Corrugated bulkhead

9.4 Scantlings of Structural Members
9.4.1 Plating

9.4.1.1 The thickness of plating in watertight, wash and tank bulkheads is to be
determined according to 13.2 and 13.4.

9.4.1.2 Increase of the plating thickness of after peak bulkhead or fitting of dou-
bling plate in way of shaft stuffing box may be required.

9.4.1.3 Unless the buckling strength is proved satisfactory by direct stress analy-
sis, the corrugated bulkheads plating thickness is not to be less than:

52 )
t=—=—, [mm] if —==05 9.4.1.3-1
0.05 [mm] S5 ( )
S, S,
t= , [mm] if —=>10 (9.4.1.3-2)
0.07 S5

(for 55, 53 — see Fig. 9.3.3.2).

The minimum required values of thickness ¢ for intermediate values s,/s; are to
be obtained by linear interpolation..

Where section modulus of corrugated bulkhead is greater than the required
value, the bulkhead thickness may be reduced by multiplying the required thick-

ness by the following factor:
W required (9.4.1.3-3)
W actual

9.4.2.1 The scantlings of the vertical and horizontal stiffeners and of the ele-
ments of corrugated bulkheads are to be determined in compliance with 13.5.

942 Stiffeners
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9.4.2.2 Stiffeners transferring the axial compression loadings are to comply with
the requirements of 13.7.3.

9.43 SimpleGirders

The scantlings of horizontal and vertical girders in longitudinal and transverse
bulkheads are to be determined according to 13.6.

Where the bulkhead girders transfer the axial compression loadings, the scant-
lings of their members are to comply with the requirements of 13.7.3.

9.4.4 Complex Girder Systems

The scantlings of bulkhead girders being part of complex girder systems may be
required to be based on a stress analysis in compliance with the requirements of
Chapter 14.

9.5 Additional Requirements
9.5.1 Shaft Tunne

9.5.1.1 The scantlings of shaft tunnel girders are to comply with the require-
ments applied to bulkheads, but the thickness of the curved top plating may be
taken as 90% of that required for the plane plating with the same stiffener spacing.

9.5.2 Supporting Bulkheads

9.5.21 Bulkheads supporting decks are to be regarded as pillars and are to com-
ply with the requirements of 13.7.3. The radius of gyration of the stiffener cross-
section is to be calculated including the effective flange width of bulkhead plating
equal to 40 ¢ (¢ — bulkhead plate thickness).

9.5.2.2 The plate thickness is not to be less than 6.5 mm.

9.5.23 The depth of corrugations on corrugated bulkheads is not to be less than
100 mm in ‘tween decks.
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10 SUPERSTRUCTURES, DECKHOUSES, SPONSONSAND BULWARKS
101 General
10.1.1 Application

The requirements of the present Chapter apply to superstructure end bulkheads,
deckhouse sides and ends, casings and bulwarks and sponsons.

Sides of superstructures are covered by the requirements of Chapter 7 (Side
Structures), whereas decks of deckhouses and superstructures are covered by the
requirements of Chapter 8 (Decks).

10.1.2 Explanations

Long deckhouse — deckhouse having not less than 0.2 L, of its length within
0.4 L, amidships.

Short deckhouse — deckhouse that cannot be defined as a long deckhouse.

Tier — space between the successive decks of a superstructure or deckhouse; tiers
are counted from the upper deck.

10.1.3 Definitions

| — stiffener span, [m], determined according to 3.2.1;
s — stiffener spacing, [m];
p — design pressure, [kPa].

10.2 Structural Arrangement
10.2.1  Structural Continuity

10.2.1.1  In superstructures and deckhouses, particularly those situated aft, the
front bulkhead is to be in line with a transverse bulkhead below the deck or is to be
supported by a combination of partial transverse bulkheads, girders and pillars. The
after end bulkhead is also to be effectively supported. As far as practicable, ex-
posed sides and internal longitudinal and transverse walls are to be located in line
with tank bulkhead or girders in the hull structure and are to be in line in successive
tiers of erection.

Where such structural arrangement in line is not possible, other effective sup-
port is to be applied.

10.2.1.2 Sufficient transverse strength and stiffness of superstructures and deck-
houses is to be assured by means of transverse bulkheads or girder structures.

10.2.1.3 Where sides of the superstructure are in line with ship’s sides, the plat-
ing of the sides is to be extended beyond the end bulkhead of the superstructure
and is to transit smoothly to the sheer strake. The transition is to be free of local
discontinuities. A substantial stiffener is to be fitted at the free edge of plating or
below it at a distance not more than 50 mm from the extended side plating of the
superstructure. The plating is also to be additionally stiffened.
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In general, openings are not to be located in the extended superstructure plating.
The superstructure plating is not to be connected with the bulwark.

10.2.1.4  Openings in the sides of long deckhouses are to have well rounded cor-
ners.

Horizontal stiffeners are to be fitted at the upper and lower edge of window
openings.

Door openings in the sides are to be stiffened along the edges. Plate panels be-
low and above the doors are to be continuous and their thickness is to be increased.

10.2.1.5 Cross-sectional area of welds connecting deckhouse corners with deck
plating is to be increased with respect to that normally required.

Corners of long deckhouses situated on the strength deck shall be connected to
the end bulkheads (forward or aft) applying radius of curvature calculated by the
formula:

R=002/,, [m] (10.2.1.5)

[, — length of deckhouse, [m].
The assumed value of R need not be greater than 1.4 m.

10.2.1.6  If sides of long deckhouses are not in line with longitudinal bulkheads
or girders, but are supported by deck beams only, then deck girders are to be fitted
in line with deckhouse sides. The girders are to extend three frame spaces forward
and aft beyond the deckhouse ends. The depth of the girders is not to be less than
that of the deck beams plus 100 mm, and at its ends may be equal to the depth of
the deck beams.

10.2.1.7 Deck beams under fore and aft ends of deckhouses are not to be scal-
loped in way of deckhouse corners.

10.2.2 Additional Requirements

10.2.2.1 Companionways situated on exposed decks are to be efficiently stiff-
ened in accordance with the requirements for deckhouses.

10.2.2.2 Adequate strengthening of sides and decks in deckhouses is to be pro-
vided in those places where life boats, boat davits, masts, hoisting winches are
situated, as well as in other places where excessive local loads are likely to occur.

10.2.2.3 The flexible seatings for superstructures and deckhouses will be spe-
cially considered by PRS in each particular case.

10.2.2.4 In ships where the strength deck is formed by superstructure deck with
length less than the total ship’s length, or where in superstructure walls openings
of significant dimensions or a considerable number of smaller openings are ap-
plied, when assessing the strength, superstructure incomplete effectiveness of
bending moments and shear stresses transfer is to be taken into account.
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10.2.2.5 In such case MES model calculations for the all ship’s hull — according
to 14.6 — will be required.

10.2.3 Sponsons

The sponsons’ girder system should fit to the hull girders configuration.
The end parts of sponsons should be smoothly chamfered — at the length not
less than 5 frame spaces.

10.3 Scantlingsof Structural Members
10.3.1 Wall Plating

10.3.1.1 The plating thickness of exposed end bulkheads of superstructures and
deckhouses, as well as of exposed sides of deckhouses resulting from lateral exter-
nal pressure is not to be less than that determined from the formula:

t=18kas\/£, [mm] (10.3.1.1)
e}

k., — to be determined as in 13.4.2.1;

p — seel04;

o = 160 k, [MPa].

10.3.1.2 The final plate thickness of superstructures and deckhouses walls is not
to be less than:
— for the lowest tier:

t=5+001L,, [mm] (10.3.1.2-1)

but need not be greater than 8§ mm;
— for the other tiers:
t=4+001L,, [mm] (10.3.1.2-2)

but not less than 5 mm; ¢ need not be greater than 7 mm.

10.3.1.3 The thickness of deckhouse plates need not exceed that required for the
side plating in a superstructure in the same area.

10.3.1.4 The thickness of sponsons plating is to be determined as for decks and
sides.

For stiffened sponsons — outside the middle part of the ship — slamming pres-
sure, determined according to 7.4.5 is to be considered, and plating thickness calcu-
lated according to 7.4.2.

10.3.2 Walls Stiffeners

10.3.2.1 The section modulus of stiffeners of end bulkheads of superstructures
and deckhouses and in deckhouse sides is not to be less than determined from the
formula:
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1 2
w=1000sp (10.3.2.1)
p — seel0.4;
o = 160 k, [MPa] — for longitudinal and vertical stiffeners, in general,
o = 90 k, [MPa] — for longitudinals at strength deck in long deckhouses amid-

ships; the value of o may be increased linearly to 160 £ at the first tier deck
and at the end parts of the ship,
l,s — seel0.1.3.

10.3.2.2 The scantlings of side stiffeners in superstructures need not be greater
than those required for 'tween deck frames with the equivalent connection of stiff-
ener ends.

10.3.2.3 Stiffeners of fore end bulkheads are to be connected to deck at both
ends with a connection area not less than determined from the formula:

0071sp 5
Ap :T’ [em?] (10.3.2.3)
p — seel04,
[, s— see 10.1.3.
Stiffeners of side walls and aft end bulkheads in the lowest tier of erections are

to have end connections as brackets or are to be welded to the decks.

10.3.2.4 The section modulus of sponsons’ stiffeners is to be additionally
checked for compliance with requirements of 7.4.3, taking into account slamming
pressure determined according to 7.4.5.

10.3.3 Casings

10.3.3.1 The plating thickness in protected casings is not to be less than deter-
mined from the formula:
— in way of cargo holds:

t=85s but 26, [mm] (10.3.3.1-1)
— in way of accommodations:
t=65s but t>5, [mm] (10.3.3.1-2)

10.3.3.2 The section modulus of stiffeners is not to be less than determined from
the formula:

W=3"s, [cm’] (10.3.3.2)

[ — length of stiffeners, but / > 2.5 [m],
s — stiffeners spacing, [m].

10.3.3.3  Casings supporting one or more decks are to be adequately strengthened
and the scantlings of stiffeners are to comply with the requirements of 13.7.3.
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10.3.4 Aluminium Alloy Superstructures

10.3.4.1 The strength of aluminium alloy superstructures and deckhouses is to be
equivalent to that required for steel structures. Connections of steel and aluminium
alloy structures are to be made in compliance with the requirements of 4.4.

10.3.4.2 Engine and boiler room casings, as well as decks with accommodation
and duty spaces located above the machinery space and functional ships spaces
(e.g. storerooms) are to be made of steel.

10.4 WallsDesign Loads

10.4.1 The design sea pressure p acting on the exposed end bulkheads of super-
structures and deckhouses, as well as side walls of deckhouses is to be determined
in compliance with the requirements of Chapter 17.

10.4.2 The design pressure p assumed for calculation of fore end bulkheads of
the lowest tier of superstructures and deckhouses is to be not less than that deter-
mined from the formula:

p=125+0.05L,, [kPa] (10.4.2-1)

The design pressure p assumed for the remaining tiers is to be not less than that
determined from the formula:

p=625+0.025L,, [kPa] (10.4.2-2)

10.4.3 The design pressure for the exposed side walls of deckhouses is not to be
less than that determined from formula 10.4.2-2.

10.4.4 The design pressure for the exposed aft end bulkheads of superstructures
and deckhouses is not to be less than that determined from formula 10.4.2-2.

10.5 Bulwarks
10.5.1 General Requirements

10.5.1.1 The requirements concerning location and height of bulwarks are given
in Part 11l — Hull Equipment.

10.5.1.2 The design of the bulwark structure is to preclude it from taking part in
the general bending of the hull. The bulwarks which are extension of the side shall
be separately considered by PRS.

10.5.1.3 Where, in some place, the bulwark is welded to the sheer strake, the
smooth transition with a radius of at least 100 mm between the bulwark plating and
the sheer strake is to be maintained.

10.5.1.4 Sufficient provision is to be made for freeing the decks from water,
particularly in areas where bulwarks and superstructures form wells.
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10.5.2 Bulwark Thickness

10.5.2.1 If the bulwarks are of Rule height, their thickness is not to be less than:
t=0.065L, + 175, [mm] for Ly<60m (10.5.2.1-1)

t=0025L, +4.00, [mm] for Ly>60m (10.5.2.1-2)

The thickness of bulwark plate is not to be less than 3 mm and need not be gre-
ater than 8 mm and not greater than that required for the side plating in superstruc-
tures.

10.5.2.2 Where the height of a bulwark is 1.8 m and more, the thickness of bul-
wark plates is to comply with the requirements of 10.3 for side plating in super-
structures. The thickness of bulwark plates may be found by linear interpolation
when the height of a bulwark is greater than the Rule value and less than 1.8 m.

10.5.2.3 The thickness of bulwark plates in the first tier of superstructures in
way of x < 0.25L,, as well as of superstructures and deckhouses of the second tier
and the tiers above may be decreased by 1 mm.

10.5.3 Stiffeningsand Bulwark Rails

10.5.3.1 The upper edge of the bulwark is to end with a rail made of adequate
firm section, the thickness of which is at least 1 mm greater than that of the bul-
wark plating.

10.5.3.2 The lower edge of the bulwark in way of a gap between the bulwark
and the sheer strake is to be strengthened by a longitudinal stiffener or a flange.

10.5.4 Arrangement of Stays

10.5.4.1 The bulwark is to be supported by stays spaced not more than 1.8 m. In
the fore part of the ship for x > 0.43 L,, spacing between stays are to be decreased
to 1.2 m. Where the flare is large and in ships intended for the carriage of timber on
deck, spacings between stays will be specially considered by the PRS.

10.5.4.2 The stays are to be in line with beams, brackets or additional deck stiff-
eners.

1055 Scantlingsand Structure of Stays

10.55.1 Where the bulwark height is 1 m, the width of the lower end of a stay,
measured along the connection with the deck, is not to be less than:

b=(0.65L, +190)s, [mm] (10.5.5.1)
but need not exceed 360 mm.
s — spacing between stays, [m]; in the fore part of the ship, s = 1.8 m is to be

taken for calculations, irrespective of a real spacing between stays.
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Outside the bow region, where bulwark is welded to the sheer strake, b may be
reduced by 20%. Where the height of the bulwark exceeds 1 m, the width b is to be
increased in proportion to the bulwark height.

10.5.5.2 The thickness of stays is to be 1 mm greater than that of the bulwark
plating.

10.5.5.3 Stays are to have flanges or flat bars welded to free edges. The width of
a flat bar is not to be less than 60 mm, but it is not to exceed 90 mm. Flanges (flat

bars) and stiffeners strengthening the lower edge of the bulwark are not to be wel-
ded to the deck.

10.5.5.4 The dimensions of lightening holes in stays are not to exceed half the
stay width in any cross-section.

10.5.5.5 The thickness of stays in way of bulwark cut to form a passage is to
exceed the bulwark thickness by 25%. Additional strengthening of bulwark may be
required in way of mooring pipes, fairleads and eyeplates for rigging.

10.5.5.6 Stays are to be welded to rail, bulwark and deck. The stay is to be
welded to the deck with double continuous weld. Adequate openings are to be pro-
vided for freeing the deck of water.
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11 STEM, RUDDER HORNS, FIXED NOZZLESAND SHAFT BRACKETS
(STRUTY)

111 Genera
11.1.1  Application

The requirements of the present Chapter are applicable to the construction, sha-
pe and scantlings of stems, fixed nozzles, rudder horns and shaft brackets.

11.1.2 General Requirements

11.1.2.1  Steel castings of stems and sternframes are to be of simple shape with
adequately long radii of casting.

11.1.2.2 The welded structure (steel casting) of the stem is to be strengthened by
transverse brackets (cast webs).

11.1.2.3 The thickness of plates (the thickness of casting edges) in way of con-
nection with the hull structure is to be reduced to the thickness of members to
which the stem will be welded.

11.2 Stem
11.2.1 Structure

11.2.1.1 The stem steel plates are to be strengthened by transversal brackets
fitted not greater than 1 m apart below the design waterline and not greater than
1.5 m apart above the design waterline. Longitudinal strengthening for the connec-
tion with the bottom centre girder in the stem structure is to be provided.

11.2.1.2 Where the distance between brackets, required in 11.2.1.1, is reduced
by 0.5 m, the thickness of stem plates may be reduced by 20% in relation to re-
quirements given below. The plate thickness, however, is not to be less than that of
the adjoining shell plating. The brackets are to extend beyond the joints of the stem
with the shell plating. They are to be welded to the nearest frames and their thick-
ness is to be equal to that of the shell plating.

11.2.1.3 Where a radius of curvature of the stem exceeds 200 mm at the level of
the design waterline, a centreline web with face plates is to be fitted from the keel
to the level of 0.15 T above the designwaterline along free edge. The thickness of
the web and the face plate is not to be less than that of the transverse brackets.

11.2.1.4 Where a radius of curvature of the bow is large, the stem design will be
specially considered by the PRS.
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11.2.2 Scantlings

11.2.21 The dimensions of bar stem cross-section from the keel to the design
waterline are not to be less than those determined by the following formulae:

— length: I=12L, +95, [mm)] for Lo <120 m (11.2.2.1-1)
[=0.75L, +150, [mm] forL;>120m (11.2.2.1-2)
— breadth: b=04L, +15, [mm] (11.2.2.1-3)

but not more than 100 mm.

Above the design waterline, the cross-section area of the stem may be gradually
tapered to 70% of the area obtained from the scantlings given above.

11.2.2.2 Fabricated stems are to be made of steel plates, the thickness of which
is to be determined from the formula:

t=0105L, +4, [mm] (11.2.2.2)

but not less than 7 mm.

At T/ Lo > 0.065, the thickness of the welded stem obtained by the above for-
mula is to be multiplied by the factor (0.35+ 10 7'/ Ly).

Moreover, the adopted thickness of plates is in no case to be less than that of the
plate keel in way of attachment to the stem foot. Above the design waterline, the
plate thickness may be gradually tapered to the thickness of the shell plating at the
ship ends.

11.2.2.3 The length of the cross-section of the fabricated stem is recommended
to be not less than twice that of the bar stem required in 11.2.2.1.

11.2.3 Bow Bulb Structure

11.2.3.1 The bulb structure is to be strengthened by the stiffened horizontal plat-
forms at spacing not exceeding 2 m.

11.2.3.2 Where the length of the bulb, measured from the forward perpendicular,
exceeds 0.03 Lo, the non-tight bulkhead is to be fitted in the centreline. Where the
bulb length is less than that given above, a deep frame may be used instead of
a bulkhead.

11.2.3.3 Trrespective of compliance with the requirements of Chapters 6 and 7
for the thickness of the bottom and side plating, the thickness of bulb plating is not
to be less than that calculated from the formula:

t=008L, +6, [mm] (11.2.3.3)
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11.2.3.4 The form of the fore part of the hull is to provide for free anchorage at a
bulb at a heel of 5° to the opposite side. Additional strengthening is to be fitted in
way of the possible anchor blows.

11.3 Rudder Horn
11.3.1 The rudder horn is to be effectively attached to the adjacent hull structure.

11.3.2 The section modulus of the horizontal section of the rudder horn, calcu-
lated for the longitudinal neutral axis, is to be not less than that calculated from the
formula:

M 3

W=——, [cm 11.3.2-1
pem [em’] ( )
M =Rz, [Nm] (11.3.2-2)
M, ..=Rd, [Nm] (11.3.2-3)
Rzlj—b, [N] (11.3.2-4)

2

R — assumed reaction force acting in the bearing located in the horizontal arm

of the rudder horn, [N];

F — the assumed force acting on the rudder blade, [N], defined in Part Il —
Hull Equipment;

z,d — see Fig. 11.3.2-1;

b, , — see Fig. 11.3.2-2.

R R, [Reg
NN -
| —
o —
N -
[ ) ]
L
j M R Ms
e(z) . -

M — bending moment, 7;— sheer force, M, — torsional moment

Fig. 11.3.2-1 Rudder horn
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Fig. 11.3.2-2 Forces in semi-spade rudder

11.3.3 Inno place of the rudder horn the shear stress is to be greater than:
=48k, [MPa]

11.3.4 In no place of the rudder horn the equivalent stress is to be greater than
120 k, [MPal).

11.3.5 The stresses are to be be calculated from the formulae:

o, =\Jor+3(1+72), [MPa] (11.3.5-1)

M
o, =—, [MPa 11.3.5-2
"= [MPa] ( )
R
T, = , [MPa] (11.3.5-3)
1004,
10M
T, = 0M, , [MPa] (11.3.5-4)
Asth
M, =Re(z), [Nm] (11.3.5-5)
A, — effective cross-section area of the rudder horn for shear in y-direction,
[em’];
A, — horizontal cross-section area enclosed by the rudder horn, [cm®];
t, — thickness of rudder horn plating, [mm];
o, — normal stress, [MPa];
o, — equivalent stress, [MPa];
7, — torsional stress, [MPa];
7, — shear stress, [MPa];
M, — torsional moment, [Nm];

e(z) — see Fig. 11.3.2-1.
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When calculating the real section modulus of the rudder horn, the total horizon-
tal cross-section area of the rudder horn elements may be taken into account.

11.3.6 Where the connection between the rudder horn and the hull structure is
designed as a smooth transition into the hull plating (transition zone), then for the
horizontal section, situated 0.7 » above the point where the smooth transition starts
(see Fig. 11.3.6), the section modulus, as given in 11.3.2, is to satisfy the following
condition:
n 3
i =MZO.45W (11.3.6)
60000,

— number of horn transverse webs;
effective breadth of i web (including thicknesses of the both effective plat-
ings within the transition zone), [mm];
the largest b;, [mm];
— thickness of i web, [mm];
— transition zone curvature radius;
see 11.3.2.

S S
I

S
3
\

§\:*
|

|
Fig. 11.3.6 Transition zone between rudder horn and hull plating

11.3.7 The thickness of rudder horn plating is not to be less than:

11F e
t=——— . [mm 11.3.7-1
nk A,100 [mm] ( )
W 2
n=002 4000—1500(—) (11.3.7-2)
Wo

F — seell.3.2;

e — horizontal projected distance from the centreline of the horn pintle bearing to
the centroid of the area 4, [m];

Ay — see 11.3.5;
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W, — section modulus of the rudder horn at the cross-section where the transition
zone between the rudder horn and shell plating begins, see Fig. 11.3.6,
[em’];

W — the rudder horn section modulus in the same section, determined according
to 11.3.2.

11.3.8 The lower end of the rudder horn is to be covered by a horizontal plate,
the thickness of which is not less than that of the side plating of the rudder horn.

11.3.9 For a curved transition between the horn plating and shell plating, the
thickness of the transition zone plate is not to be less than:

0.15(s—40
‘ =¥1, [mm] (11.3.9)
roW,
s — spacing between vertical transverse webs, [mm];
r — transition zone curvature radius, [mm];

Wy, W—asin 11.3.7.

11.3.10 The vertical parts of the rudder horn participating in the strength against
transverse shear are to have a total area in horizontal cross-section not less than that
calculated from the formula:

03F

A, =c p 107, [em?’] (11.3.10)
(A+ 4y)4,
c = 1+ T — at the upper end of the rudder horn;
¢ = 1 - atthe lower end of the rudder horn;

A — area (lateral projection) of the rudder blade, [m’];
Ay — area (lateral projection) of the rudder horn, [m’];
F — asin11.3.2.

11.3.11 The thickness of the vertical transverse webs in the transition zone
1s not to be less than:

t,.=—=, [mm] (11.3.11)

b — breadth of the curved plate in the transition zone supported by the web in
question, [mm];

t. — thickness of the curved plate in the transition zone supported by the web in
question, [mm];
r — asgivenin 11.3.9.

11.3.12 Direct stress analysis of the rudder horn, if applied, is to be based on
a finite element method.
The maximum allowable stresses are:
— normal stresses: o =120k, [MPa];
— shear stresses: t= 50k, [MPa];
— equivalent stresses: oc.= 180k, [MPa].
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For a curved transition to the hull structure, the maximum allowable normal and
equivalent stresses, given in 11.3.2.1, may be increased to:
o, =120 k, [MPa];
o, =180 k, [MPa].

In webs, the normal stresses are not to exceed the value of ¢, = 130 &, [MPa].

11.3.13 The alternative design of the rudder horn connected to the hull structure
without the transition zone is shown in Fig. 11.3.13.

i
T4
/‘/

|
|
i

Fig. 11.3.13  Alternative solution without transition zone

11.4 Clearances between the Propeller and the Hull

1141 The afterbody is to be so shaped as to ensure a proper flow of water to the
propeller and so as to ensure, as far as possible, uniform wake current field velocity.

11.42 For moderately cavitating propellers, the following minimum clearances
are to be taken (see Fig. 11.4.2):
— single-screw ships:
a>02R, [m],
b>(0.7-0.04 Z;), [m],
c>(0.48-0.02 Z,) R;, [m],
e>0.07R;, [m];
— twin-screw ships:
c2(0.6-0.02 Z,) R, [m];
R, — propeller radius, [m],
Z, — number of propeller blades.
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Fig. 11.4.2  Propeller clearance

11.4.3 The apex of the waterlines in front of the propeller is to have the least
possible radius » and an angle ¢ . Plane or approximately plane parts above the
propeller tip are to be avoided.

11.5 Fixed Nozzles
11.5.1 Application

The requirements of the present sub-chapter apply to fixed nozzles of the inner
diameter not exceeding 4 m, made of normal strength structural steel. The applica-
tion of other materials will be specially considered by the PRS. Nozzles with the
inner diameter greater than 4 m will be specially considered by the PRS based on
vibration analysis.

11.5.2 Plating

11521 The thickness of the nozzle shell in the propeller zone (see Fig.
11.5.2.1) is to be determined from the formula:
— for steel with increased corrosion resistance:

t=35+25ns,p, [mm] (11.5.2.1-1)
but not less than 10 mm;
— all other cases:
t=T7+25nsp, [mm] (11.5.2.1-2)
but not less than 10 mm;
s — distance between ring webs, [m]; s > 0.35 m is to be taken for calcula-

tions;
n — nozzle curvature factor,
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n=1—0.14§\/3 (11.5.2.1-3)
[ - distance between longitudinal webs of nozzle, measured on the outer plat-
ing of the nozzle, [m];
d — propeller diameter, [m];
p — pressure on the nozzle plating,
N N
p=0.25—(1—0.001—), [kPa] (11.5.2.1-4)
A A
N — output delivered to the propeller, [kW];
2
A="Y (11.5.2.1-5)
4
- b
Zone “|
\
0“
Zone |y Propeller ¥
zone
min_b/&L

Fig. 11.5.2.1 Longitudinal section through nozzle ring

11.5.2.2 The length of the propeller zone is not to be less than 0.25 b (b — nozzle
length, see Fig. 11.5.2.1).

11.5.2.3 The plating thickness in zones I and II (see Fig. 11.5.2.1) is to be deter-
mined from formula 11.5.2.1-2, assuming 0.5 p determined from formula 11.5.2.1-4.
The plating thickness within these areas is not to be less than 8§ mm.

11.5.2.4 The plating thickness in zone III (see Fig. 11.5.2.1) is to be determined
from formula 11.5.2.1-2, assuming 0.35 p determined from formula 11.5.2.1-4.

11.5.2.5 The outer plating in zone II of the nozzle is to cover at least one ring
web (see Fig. 11.5.2.1).

11.5.2.6 The thickness of ring webs, as well as longitudinal webs is not to be less
than 0.6 ¢ (¢ — calculated according to 11.5.2.1), but not less than 8 mm.

11.5.2.7 In ships with ice strengthening, the nozzle plating thickness is not to be
less than that required for the hull plating in the considered part of ship.
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11.5.3 Section Modulus of the L ongitudinal Section of Nozzle

The section modulus of the longitudinal section of nozzle ring calculated for the
neutral axis parallel to the ship centreline is not to be less than the values deter-
mined from the formulae:

W =0.7bD*v*, [cm’] (11.5.3-1)
W =6DP, [cm’] (11.5.3-2)
— nozzle ring length (see Fig. 11.5.2.1), [m];
diameter of the nozzle measured to the middle of its thickness, [m];
v — ship speed, [knots]; in ships with ice strengthenings the speed, taken for cal-
culations, is not to be less than 14, 15, 16 or 17 knots for Ice Class L3, L2,
L1 or L1A, respectively;

oS
\

P — water pressure on the nozzle surface,
D2
P=20FbL0@A, [kN] (11.5.3-3)

©,— pitch amplitude, in radians, according to 17.5.3.2;
T — pitch period, [s], determined from the formula:

T:1.8\/£, [s]
g

11.5.41 The ring webs are to be welded to the inner plating of the nozzle with
double continuous fillet welding.

11.54 Waelding

11.5.4.2 The ring webs are to be, as far as possible, welded continuously to the
outer plating of the nozzle. All welds of webs to the outer plating may be slot
welds if the web spacing does not exceed 350 mm. Otherwise, at least two ring
webs are to be welded continuously to the outer shell.

11.55 Supporting

11551 The nozzle is to be supported by at least two supports. The web plates and
plating of the supporting structure are to be in line with web plates in the nozzle.

11.55.2 The resultant horizontal force acting on the nozzle side may be deter-
mined from the formula:
P=0.2bDv, [kN] (11.5.5.2)

b,D,v—see 11.5.3.

Vertical water pressure acting on the nozzle external surface due to the ship’s
pitch may be determined according to formula 11.5.3-3.
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11.5.5.3 In no place of the nozzle supporting structure the equivalent stress is to
exceed 100 MPa.

11.6 Shaft Brackets

11.6.1 General Reuigrements

Requirements of sub-chapter 11.6 apply to structures supporting shafts outside the
hull. These structures may take the form of sterntube (see 11.6.2) or struts (see 11.6.3
and 11.6.4). These design solutions are typical for twin propellered ships.

11.6.2 Sterntube

11.6.2.1 Plating of the sterntube shall pass smoothly into the hull plating.

In its aft part, the sterntube shall be stiffened by the transverse partitions located
in frames planes — at each frame.

Partitions should be stiffened and connected to the hull floors or with relevant
hull girder system.

In the fore part of the sterntube, the partitions shall be applied at intervals of not
more than two frame spacings.

11.6.2.2 At its end the sterntube shall be provided with a hub in a form of casting
or prefabricated structure, supporting the shaft bearing. The construction of the hub
shall be sufficiently strong to carry the shaft reaction to the ship's hull structure.

In the case of ships with the high power propulsion the direct FEM calculations
of the sterntube strength and vibration analysis may be required.

11.6.3 TheDesign and Strength of the Struts (Shaft Brackets)

11.6.3.1 The feet of the struts made in form of castings shall be of shape ensur-
ing smooth passing to the hull shape. The arm of the struts shall be strengthened
with ribs.

11.6.3.2 Prefabricated struts shall be so designed that the concentration of
stresses in the notches area is minimized. They shall be connected to the hull floors
or to the special hull girders system.

The arm shall be welded to the hubs supporting shaft bearings with full penetra-
tion welds.

11.6.3.3 Scantling of the struts shall ensure compliance with requirements given
in 11.6.3.7 (single-arm struts) or in 11.6.3.8 and 11.6.3.9 (double-arm struts).

In the case of ships with the high power propulsion the direct FEM calculations
of the struts' strength and vibration analysis may be required.

11.6.3.4 The propeller shaft uncovered by the sterntube shall be supported in the
immediate vicinity of the propeller (propulsor) by the two-arm strut.
In the case of small ships, application of a single-arm strut may be accepted.
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11.6.3.5 The struts' arms shall continuously pass through the hull shell plating
and be connected to the floors with increased thickness, or to the special girders.

The hull side shell in region of the arms shall be of increased thickness and
welded to the arms with full penetration welds.

11.6.3.6  Sterntubes supported by the struts, made of the materials with the same
as propeller shaft strength limit R,, , shall have length /, and thickness #, meeting
the conditions:

1,>4d, (11.63.6-1)
t,>025d, (11.63.6-2)

where:
dy — propeller shaft diameter required by Part VII — Machinery, Boilers and Pres-
sure Vessels, [mm].
In case of sterntube made of materials with other values of R,, the required val-
ues of /, and #, shall be agreed with PRS in each case.

11.6.3.7 Section modulus of the single-arm strut located in a immediate vicinity
of the propellers shall have at its base (by the hull shell plating) the value not less
than:

w = d, , [em?] (11.6.3.7)
" 115R,
where:
. — length of the arm measured from the propeller shaft axis to the surface of the

hull shell plating, [mm];
d,— asin 11.6.3.6;
R, — the arm material strength limit, [MPa].
The strut's cross section dimensions in place of its connection to the hub shall
not be less than 60% of the value obtained from the formula 11.6.3.7.

11.6.3.8 The angle a between arms of double-arm struts (Fig.11.6.3.8) shall not
be less than 50°.

In case where o < 50°, strut strength calculations, justifying such design solu-
tion, shall be presented to PRS.
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S

Fig. 11.6.3.8 Double-arm strut

11.6.3.9 Section modulus of the double-arm strut located in the immediate vicin-
ity of the propellers shall have at its base the value not less than:

W, =0.45¢>, [cm’] (11.6.3.9-1)
where:

d,— asin 11.6.3.6;
R, — the strut material strength limit, [MPa].
[, — length of the shorter arm, [mm] (see Fig. 11.6.3.8).

11.6.4 Intermediate Struts (Shaft Brackets)

The hubs of the struts, other than located in the immediate vicinity of the pro-
peller, shall have dimensions not less than required in 11.6.3.6.

The dimensions of the struts' arms less than required in 11.6.3.7 and 11.6.3.9,
shall be, in each case, subject to PRS separate consideration.

11.6.5 Shaft Brackets (Struts) Bolted Connection to the Hull

11.6.5.1 The side shell thickness in the area of shaft brackets' feet fixing shall be
increased, as follows:

— not less than 50% in case of application of double-arm struts;

— not less than 100% in case of application of single-arm struts.

11.6.5.2 The struts' feet shall have rounded corners. Surfaces faying the hull
shall be adequately smooth. Thickness of the foot in the place of fixing bolts shall
not be less that thickness of the hubs required in 11.6.3.6.
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11.6.5.3 Feet of intermediate struts may be fixed directly to the hull shell, and —
for ensuring axial alignment — by application of adjusting washers, made by recog-
nized manufacturers.

Application of plastic washers shall be separately considered by PRS.

11.6.54 Feet of struts located in the immediate vicinity of propellers shall be
fixed on steel washers with thickness not less than 15 % of the foot's thickness, but
not less than 3 mm.

Fixing bolts shall, in such case, be permanently fixed to the feet.

11.6.5.5 The nuts of bolts fixing feet to the hull shall be secured against loosening.

11.6.5.6  Diameter of the bolts fixing strut's feet to the hull shall not be less than:

/4 R
d=60,—"— - |- [mm)] (11.6.4.6)
n-u \ R,
where:

W, — required section modulus of the strut's arm, determined in accordance with
11.6.3.7 or 11.6.3.9;

n  — number of bolts in a row;

u — distance between bolts' rows, [mm];

Rew — yield point of the strut's material, [MPa];

R Yield point of the bolts' material, [MPa].

Actual diameter of the bolts shall not be less than thickness of the foot required in

11.6.4.2.

11.7 Sternframe
11.7.1 Structure

11.7.1.1 Sternframe shall be effectively attached to the adjacent hull structure.
For this purpose, it shall be strengthened by transverse brackets (webs).

11.7.1.2  Greater propeller posts of the cast sternframes may be made of pieces.
Adequate strength of connections of each sternframe piece shall be provided.
Welded structure of propeller posts, formed by the adequate steel sections and
plates welded to them, may be applied.

11.7.2  Scantlings

11.7.2.1 Where the scantlings of sternframe are based on the stress analysis,
the stress values shall not be greater than:

— normal stress: o,=80k [MPa],

— shear stress: 7 =50k [MPa],

— equivalent stress: o, = 125k [MPa].
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11.7.2.2 Thickness of the propeller boss shall not be less than that determined in
accordance with the following formula:

t=5Jd,—60 [mm] (11.7.2.2)

d, dy,— Rule diameter of the propeller shaft, [mm], calculated according to re-
quirements of Part VI — Machinery Installations and Refrigerating Plants.

11.7.2.3 The dimensions of the welded propeller post shall not be less than those
determined in accordance with the following formulae (see Fig. 11.7.2.3):

1=53,[L, [mm] (11.7.2.3-1)
b=37/L, [mm] (11.7.2.3-2)

t= 2.4\/%70 [mm] (11.7.2.3-3)

When the assumed cross-section is different from that shown in Fig. 11.7.2.3,
the section modulus calculated for the longitudinal neutral axis shall not be less
than that determined in accordance with the following formula:

(11.7.2.3-4)

Fig. 11.7.2.3 Welded sternframe propeller post

11.7.2.4 Dimensions of the cast propeller post shall not be less than those deter-
mined in accordance with the following formulae (see Fig. 11.7.2.4):

1=40/L, [mm] (11.7.2.4-1)
b=30L, [mm] (11.7.2.4-2)

t = 3\/% [mm] (11.7.2.4-3)
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t, =37 ,/% [mm] (11.7.2.4-4)

/ ,77//_} A
<,
9,

Fig. 11.7.2.4 Cast sternframe propeller post

When the assumed cross-section is different from that shown in Fig. 11.7.2.4,
the section modulus calculated for the longitudinal neutral axis shall not be less
than that determined in accordance with the following formula:

1.3L,4/L
W:OT\/_" [cm’] (11.7.2.4-5)

s

When determining the section modulus of the propeller post, the adjacent plating
of the width up to 53,/L, [mm], measured from the aft edge of the propeller post,

may be taken into account. This applies also to the welded propeller post.
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12 SEATINGS
121 General
12.1.1  Application

The requirements of the present Chapter are applicable to the construction of
seatings for the main engines, boilers, as well as for deck, processing, cargo han-
dling, auxiliary and other machinery.

12.1.2 General Requirements

12.1.21 The main engine seatings and other machinery equipment are to have
a strong and rigid structure attached to the strength members of the bottom, sides
and decks so as to ensure the transmission of longitudinal and transverse static and
dynamic loads from the considered machinery to the hull structure.

12.1.2.2  Access is to be provided to ensure the strength members under the seat-
ing to be inspected and measures are to be taken to prevent water from accumulat-
ing under the seating. Upon the PRS’ agreement, a tight structure of the seating
may be applied, the inner space of the seating being filled with chemically inert
material with good adhesion properties.

12.2  Structureand Scantlings of Structural Members

12.2.1 The seating is to consist, in general, of two vertical girders and horizontal
bed plates intended for fastening the machinery or boiler — directly or by means of
seating frames. The girders and horizontal bed plates are to be stiffened with
brackets or supports where necessary.

12.2.2 When designing the seatings, provision is to be made for avoiding abrupt
changes of dimensions. Where this is impracticable, a smooth transition between
seating members of different dimensions and between seating members and bot-
tom, sides and deck members is to be provided.

12.2.3  When the single bottom side girder is also considered as the seating web,
its thickness is not to be less than that required for the seating web and the centre
bottom girder. The height of the bottom floors is to be increased according to the
structure of the machinery seatings. The height of the floors between the seating
longitudinal girders is not to be less than 0.65 of the height required in the centre
plane.

12.2.4 When the bed plates of the main engine and thrust bearing form a part of
the inner bottom plating, they are to be supported by two parallel bottom girder
webs or by a girder and half-girder webs. The thickness of the girder webs at the
bed plate within 0.2 of their height is to be equal to that of the bed plate or the webs
within their full height may be of the thickness required for the seating web.
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Longitudinal stiffeners of bed plate are to be fitted between webs. The scant-
lings of those stiffeners are to be the same as those determined above for the upper
parts of girders.

The application of one web only on the bed plate is possible for engines of low
power upon the PRS agreement only.

In each case the bed plate is to be strengthened within its total length by trans-
verse brackets fitted between the adjacent bolts at equal distances from their centres.

12.25 Where longitudinal girders of the seating are fitted to the strength deck,
they are to be in line with the underdeck stiffeners.

12.2.6 The scantlings of seating structure members are a function of the mass of

the machinery or boiler or a function of the rated power of the machinery motor.
The thickness ¢ of the seating structure members is not to be less than:

— for low-speed engine, boiler or machinery (specified in Table 12.2.6):

t=cAIM +1,, [mm] (12.2.6-1)
M — mass of engine, boiler, or other machinery in operating condition, [t];
c¢; — factor as given in Table 12.2.6;
tn — the thickness allowance, [mm], depending on the mass M. The follow-
ing values of #,, are to be taken:
by = for M > 200,

t,=1 for 100 < M <200,

tn=2 for 50 < M <100,
tn=3 for 20< M< 50,
t,=4 for M < 20.
Table12.2.6
Values of factor ¢,
Members of seating structure
Horizontal plates Web plates Brackets, includ-
Machinery (bed plates) of longitudinal ing console
girders" brackets”
Main internal combustion engine 4.65 3.00 2.50
Turbine propulsion plants, electric 4.15 2.70 2.70
motors and generating sets
Boiler 3.65 2.40 2.40

Y]

outer girder web plates may be equal to that of the brackets.

2)

members.

In the case of the seating with two longitudinal girders at each side of the engine, the thickness of

Console brackets — trapezoid brackets, three edges of which are attached to the seating structure
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— for medium-speed engine:
t=c,A/N, [mm] (12.2.6-2)
¢, =2.3 for horizontal plate (bed plate),
¢, =1.6 for web plates of inner girders of seating,
¢, =1.3 for web plates of outer girders, consoles and brackets;
N — power rating of the engine, [kW].
Scantlings for high-speed engines will be considered by PRS separately.
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13 LOCAL STRENGTH AND BUCKLING CONTROL
OF THE STRUCTURE

131 General
13.1.1 Application

13.1.1.1 The requirements of the present Chapter apply to the scantlings of
plates, stiffeners, simple girders, pillars, supporting members, as well as to stiffener
and girder end brackets. The above requirements, except those concerning the
minimum scantlings, result from the local design loads on members in question,
without those considered in Part C.

13.1.1.2 For plates, stiffeners and simple girders which take part in the local
strength and, in addition, in the longitudinal strength of ship, the requirements con-
cerning the buckling control of these members are given.

13.1.2 Definitions

A — required cross-sectional area, [cm’];

A, — required web cross-sectional area, [cm’];

b - breadth of plating supported by a girder or stiffener in question, [m];

b, — breadth of the free flange, [mm];

;o= 57(M, +M,) (13.12)
W 1.

h; — web height, [mm];

[ — span of a stiffener or a simple girder according to 3.2.1, [m];

L, = Lo, but not more than 120 m;

M; — the maximum value of still water bending moment, obtained as the result

of analysis of various load conditions, [kKNm]; the assumed value of M; is
not to be less than 0.5 M, (M, — design minimum still water bending mo-
ment, [kNm], determined according to 15.4);

M, — Rule wave bending moment, [kNm], determined according to 15.5;

p — design pressure (see Chapter 17), [kPal];

s — stiffener spacing measured along the plating, [m];

t  — required thickness of the plating, [mm];

t, — corrosion addition (see 2.5), [mm];

tn, — flange thickness of stiffener or girder, [mm]; for bulb section, the mean
thickness of the bulb is to be used;

t;, — web thickness, [mm];
W — required section modulus of a stiffener or a girder, [cm’];
W, — the smallest section modulus of the ship’s hull, determined according to

15.7, [em’]. It should be determined for strength deck — if the member in
question is above the horizontal neutral axis of hull cross section, or for the
outer bottom — if the considered member is below this axis;
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wy — section modulus corrosion factor (see 13.5.2.5);

z, — vertical distance from the baseline or the deck line to the point in question
below or above the neutral axis, respectively, [m];

z, — vertical distance from the baseline or the deck line to the neutral axis of the
hull girder, whichever is applicable, [m];

o — allowable normal stress, [MPa];

o. — critical compressive buckling stress, [MPa];

or — ideal elastic compressive buckling stress, [MPal];

t — allowable shear stress, [MPa];

7. — critical shear stress, [MPa];

7z — 1ideal elastic buckling shear stress, [MPa].

13.1.3 Explanations

Design load point — point at which the design pressure is to be determined
according to the requirements of Chapter 17.
The location of the load point is to be determined as follows:

— for horizontally stiffened plates: in the midpoint of non-stiffened field;

— for vertically stiffened plates: at the lower edge of the plate for unsupported
edges (e.g. when the thickness is changed within the plate area), or in half of the
stiffener spacing above the lower edge for supported edges;

— for stiffeners: in span midpoint; where the pressure distribution along the stiff-
ener span is not linear, the design pressure is to be determined in the middle of
the span and as the arithmetic mean of pressures at the stiffener ends, whichever
is the greater;

— for girders: in the midpoint of the plating area supported by a girder.

13.2 Minimum Thickness

13.2.1 General Requirements

The minimum thickness of hull structural members is not to be less than that
calculated from the formula:

kL
t:to-i-ﬁ-i-tk, [mm] (13.2.1)
to, k1 — parameters; the values thereof for particular hull members are given be-
low in paras. 13.2.2 to 13.2.5;
k — material factor depending on the material yield stress (see 2.2.1).

13.2.2 Bottom Structure
13.2.2.1 Keelplate: t,=7.0; Kk =0.05.
13.2.2.2  Outer bottom and bilge plating: #, = 5.0; k& = 0.04.
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13.2.2.3 Inner bottom plating:

tp = 7.0 — below hatchways in storage spaces when ceiling of wood or other
approved material is not fitted,

tp = 6.0 — elsewhere if ceiling is not fitted,

to = 5.0 — in general where ceiling is fitted;

k= 0.03.

13.2.24 Floors and bottom longitudinal girders, supporting plates and brackets:
thy = 60,

ki = 0.04 — for centre girder in areaz < 2 m,

ki = 0.02 — for the centre girder in area z > 2 m and other girders.

13.2.25 Webs and flanges of longitudinal and transverse frames of the inner and
outer bottom, stiffeners of floors, longitudinal girders and supporting plates:

ty = 50,

ki = 0.03 — in forepeak and after peak tanks,

ki = 0.02 — elsewhere.

13.23 Side Structure
13.2.3.1 Side plating:

ty = 50,

ki = 0.04 — within z < zy, where zp = T + 4.6 m; within z > z,, the k; value may
be reduced by 0.01 for each 2.3 m of z increase, but k; > 0.01,

ki = 0.06 — for side plating connected to sternframe.

13.2.3.2 Webs and flanges of longitudinal and transverse frames:
ty = 50,

ki = 0.02 — in forepeak and after peak tanks,

ki = 0.01 — -elsewhere.

13.2.3.3 Girders: flanges, webs, their stiffeners and brackets:
ty = 50,

ki = 0.03 — in forepeak and after peak tanks,

ki = 0.02 — in ballast and cargo tanks,

ki = 0.01 — elsewhere.

13.24 Deck Structure
13.24.1 Strength deck plating:

tp = 5.5 — for exposed deck or storage spaces not sheathed with wood or
other approved materials,
to = 5.0 — for exposed deck or storage spaces sheathed with wood or other

approved materials, as well as within accommodation spaces;
ki = 0.02 — for single-deck ships,
ki = 0.01 — for ships having two continuous decks within z > 0.7 H,
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ki = 0.01 — for exposed deck within x > 0.3 L, (minimum value),
ki = 0.00 — for ships having more than two continuous decks within z > 0.7 H.

13.2.4.2 The plating of decks situated above or below the strength deck :

ty — as given above for the strength deck;

ki = 0.01 — for the deck situated within z > 0.7 H in ships with two continuous
decks satisfying the condition z > 0.7 H,

0.01 — for the deck of the first tier of superstructure or deckhouse in sin-
gle-deck ship if the length of the superstructure or deckhouse situ-
ated amidships (0.2 Lo <x <0.2 Ly ) exceeds 0.2 Ly,

ki = 0.00 — for other decks.

ki

13.2.4.3 Webs and flanges of deck longitudinals and beams:
to, k1 — as given above for side frames.

13.2.44 Flanges, webs, web stiffeners and deck girder brackets:
to, k1 — as given above for side girders.

13.25 Bulkhead Structure

13.25.1 Bulkhead plating:

tp = 7.0 — for forepeak and after peak tanks,
tpr = 5.0 — elsewhere;

ki = 0.02 — in forepeak and after peak tanks,
ki = 0.01 — elsewhere.

13.25.2 Webs and flanges of longitudinal, vertical and transverse stiffeners wa-
ter ballast and storage tank bulkheads, wash bulkheads:
to=5.0; k; — as given above for bulkhead plating.

13.2.5.3 Webs, flanges, stiffeners and brackets of bulkhead girders:
to, k1 — as given above for side girders.

13.3 Buckling Control of Structural Elements
13.3.1 General Requirements

13.3.1.1 The plating and longitudinal girders and stiffeners of the outer and inner
bottom, sides, strength deck and longitudinal bulkheads taking part in the hull
girder longitudinal strength and situated amidships are to be checked for buckling
strength in uni — axial compression.

13.3.1.2 Within transition zones between midship portion of the hull and the
peaks, the buckling strength of structural elements specified in 13.3.1.1 need not be
checked. Such check may be required, however, in the case of structural disconti-
nuity in these zones, uneven distribution of stores, ballast or equipment loads along
ship’s length, as well as in the case of large flare of sides in the ship’s forebody.
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13.3.1.3  For ships in which the hulls are subjected to considerable shear forces,
the plating of sides and longitudinal bulkheads taking part in the hull girder longi-
tudinal strength are to be checked for shear buckling strength.

13.3.1.4 Compliance with compression buckling strength and shear buckling
strength requirements do not preclude special consideration, by PRS, of buckling
strength of plates and longitudinal structural elements which are simultaneously
subjected to compression and shear. This applies also to bi-axial compression, as
well as bi-axial compression and shear.

13.3.1.5 The required scope of buckling control of structural members not speci-
fied in 13.3.1.1 to 13.3.1.4 is given in detailed requirements referring to those
members.

13.3.2 Buckling Strength Criteria and Design Stress Values

13.3.2.1 For members or their parts subject to check for buckling strength in uni
— axial compression, the following condition is to be complied with:

o,.2co, (13.3.2.1)

o. — critical compressive buckling stress determined according to 13.3.2.2, taking
into account the final scantlings of the member in question, [MPa];

o — design compressive stress determined according to 13.3.2.7, [MPa];

¢ — coefficient expressing the margin of critical stress in relation to the expected
compressive stress:
¢ = 1-—for plate panels and girder or stiffener webs,
¢ = 1.1 —for stiffeners.

13.3.2.2 Ceritical stress in uni-axial compression for a member in question is to
be determined from the formula:

c.=0y, [MPa] if o,< % (13.3.2.2-1)
o, = Re[l— R, J , [MPa] if o >& (13.3.2.2-2)
O 2
or — Iideal elastic compressive buckling stress, [MPa], determined according to

13.4.3 and 13.5.3.

13.3.2.3 For plate panels subject to check for shear buckling strength, the fol-
lowing condition is to be complied with:

.27, (13.3.2.3)
7. — critical shear stress of plate panel determined according to 13.3.2.4, [MPa];
7, — design compressive shear stress of plate panel determined according to

13.3.2.8, [MPa].
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13.3.2.4  Ceritical shear stress 7, for plate panel is to be determined from the for-
mula:

7.=7p, [MPa] if 7,<057, (13.3.2.4-1)
T .
rC:Tp,(1—4z{”j, [MPa] if 7, >057, (13.3.2.4-2)
E
R
r,=—%, [MPa] (13.3.2.4-3)

pl \/5’

7z — ideal elastic buckling shear stress, [MPa], determined according to 13.4.3.

13.3.2.5 For plate panels subject to complex stresses (uni-axial or bi-axial com-
pressive stresses combined with shear stresses), the following condition is to be
complied with:

Occ 2 Ocr
o.. — critical equivalent buckling stress determined according to 13.3.2.6, [MPa],
o.-— design equivalent buckling stress determined according to 13.3.2.9, [MPa].

13.3.2.6 Critical equivalent buckling stress for plate panels subject to complex
stresses is to be determined from the formula:

R

Oue = Oui , if Oup < 26 (13.3.2.6-1)
R . R

Owe=R, | 1——%—|, if Oup >—% (13.3.2.6-2)
4o-eE 2

o,z — ideal elastic equivalent buckling stress for plate panels subject to complex
stresses, [MPa], determined according to 13.4.3.7.

13.3.2.7 The compressive stress o, amidship, due to hull girder bending,
which is the basis of the requirements for buckling strength of plate panels,
longitudinal girders walls and longitudinal stiffeners subject to uni-axial com-
pression, is to be determined from the formula:

o =Mt My 105 MPal (13.3.2.7-1)

r
n

The value of o, taken for buckling strength analysis of structural members is to
comply with following condition:

o, > 30 k, [MPa], (13.3.2.7-2)

M; — design still water bending moment in the considered transverse cross-
section, determined according to 15.4, [kNm];

M, — wave bending moment in the considered transverse cross-section, deter-

mined according to 15.5, [kKNm];
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I, — moment of inertia of the considered transverse cross-section of the hull, de-
termined according to 15.3 and 15.7, [em®];

z — vertical distance from neutral axis of the cross-section to the considered
point, [m];
k — material factor, determined according to 2.2.1.

M, and M,, are to be assumed as equal to design values of sagging or hogging
moment depending on the position of the considered girder or stiffener above or
below the neutral axis of transverse cross-section of the hull.

If in still water, the ship is hogged, then the value of design moment (M; + M,, )
will be specially considered by PRS.

In ships with wide openings in the strength deck the compressive stress o, being
the result of simultaneous hull girder bending in vertical and horizontal planes and
the torsion, are subject to special consideration by PRS.

The check of buckling strength of plating panels and girder webs subjected to
uni-axial compression does not waive the necessity of checking buckling strength
of the elements subject to complex stresses according to 13.3.2.9 and 13.3.2.10.

13.3.2.8 For ships without longitudinal bulkheads, shear stresses 7, in the side
plating due to hull girder shear, which is the basis of the requirements for shear
buckling strength of plate panels, is to be determined from the formula:

05|10, + 0,

t

T

r

f—"-loz, [MPa] (13.3.2.8)

where:
Os, Ow, Su, t, I, —see 15.1.2.
t — side plating thickness, [mm)].
Stresses 7, for ships with longitudinal bulkheads are subject to special consid-
eration by PRS.

13.3.29 The design values of equivalent stresses in plate panels or in girder
webs are to be calculated from the formula

o, = ol +0l —0,0, +3r7, [MPa] (13.3.2.9)

o, 0y, T— stresses in panel, [MPa], as shown in Fig. 13.3.2.9.

Compressive stresses oy or o, are to be taken as positive. If o; or o; is tensile
stress then 0 values are to be taken in formula 13.3.2.9. Stresses oy, o;, 7 are to be
calculated disregarding cut-outs in the plate panel.
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Fig. 13.3.2.9

13.3.2.10 Stress values applied in evaluation of buckling strength of a construc-
tion, in cases other than those specified in 13.3.2.7 and 13.3.2.8, are to be calcu-
lated within zone strength analysis of the construction according to the provisions
of Chapter 14.

In case of hull girders and plate panels, in which significant values of bi-axial
compressive stresses o occur or of shear stresses 7 acting simultaneously with nor-
mal stresses, the buckling strength for combined in-plane loads for design stress
values determined according to 13.3.2.9 is to be checked.

For longitudinal structural members, the stresses from hull girder bending or
torsion determined according to 13.3.2.7 are to be taken into account.

13.4 Hull Plating
13.4.1 General Requirements

The assumed thickness of the plating is to comply with the following require-
ments:
— minimum thickness of structural members given in 13.2,
— bending strength of plates given in 13.4.2,
— buckling strength of plate panels specified in 13.3 in compliance with recom-
mendations given in 13.4.3.

1342 TheThicknessof Plating

13.4.2.1 The thickness of plating subjected to lateral pressure is to be calculated
from the formula:

t=18k, s\/EJr t,, [mm] (13.4.2.1-1)
O
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2
k, = (1—0.27%) : (13.4.2.1-2)

k, need not be greater than 0.88,

p — design pressure acting on the plate in question, [kPa], to be determined ac-
cording to recommendations specified in 17.6;

o — allowable normal bending stress calculated according to 13.4.2.2 or 13.4.2.3,
[MPa].

13.4.2.2 The allowable stresses for plating fitted amidships and taking part in the
hull longitudinal strength are to be determined according to Table 13.4.2.2. The
assumed value is not to exceed o = 160 &, [MPa].

For plate panels in way of peaks, the value of o = 160 &, [MPa] is to be taken.

Note: The value of o varies linearly between the midship and extreme parts of the ship.

Table13.4.2.2
Allowable stressfor plating amidships
Item Plating in way of: o, [MPa]
1 outer bottom
1.1 longitudinally stiffened 120 k&
1.2 transversely stiffened 175 k-120f
2 inner bottom
2.1 longitudinally stiffened 140 &
2.2 transversely stiffened 200 k£ — 110 f, but not more than 140 k&
3 sides”
3.1 longitudinally stiffened 140 &
32 transversely stiffened 120 k&
4 longitudinal bulkheads"
4.1 longitudinally stiffened 160 k&
4.2 transversely stiffened® 140 &
5 strength deck
5.1 longitudinally stiffened 120 &
5.2 transversely stiffened 175 k—120 £, but not more than 120 &

D" Values of o in way of the neutral axis of the hull cross-section are given. Above and below the

neutral axis, the ois to be linearly reduced to the values for the deck and bottom plating assuming

the same stiffening direction and the material factor as for the plating in question.
2 Where the longitudinal bulkhead forms the tank boundary and design pressure p = pjp or p = pi,

was applied, the allowable stress may be increased to o= 160 MPa.

13.4.2.3 The allowable stresses o may be taken equal to 160 k for the plating of
transverse bulkheads, decks below the strength deck and for the side and deck plat-
ing in short superstructures and deckhouses.

The allowable stresses for transverse bulkhead plating for flooded compartment
may be taken equal to 220 k, [MPa].
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13.4.2.4  The thickness of side and longitudinal bulkhead plating in way of sup-
ports of horizontal girders on the transverse bulkheads is to be adequately in-
creased.

13.4.3 Buckling Strength of Plating and Girder Webs

13.4.3.1 The provisions of the present sub-chapter apply to determining the ideal
elastic buckling stresses for actual dimensions of the plate panels subjected to uni-
axial compression, shear, or combined in-plane loads.

13.4.3.2 The plate panels and girder webs of the outer and inner bottom, sides,
strength deck and longitudinal bulkheads taking part in the hull girder longitudinal
strength are to comply with the requirements of 13.3 for the buckling strength of
uni-axial compressed plates, the ideal elastic buckling stress o being calculated
according to 13.4.3.4 and 7z calculated according to 13.4.3.5, if applicable.

All panels of hull plating, bulkheads, walls and girder webs, in cases specified
in 13.3.2.10, are to comply with buckling strength criteria for combined in-plane
loads, given in 13.3.2.5 unless PRS allows the application of requirements of
13.4.3.3 to certain panels.

13.4.3.3 Elastic buckling of panels may be accepted upon special consideration
by PRS. In such cases the evaluation of the hull longitudinal strength is to be based
on the reduced effective width of the plate panels.

13.43.4 The ideal elastic buckling stress or for compression of plate fields
within the adjacent supporting contour is to be determined from the formula:

2
t
o, =09mE s , [MPa 13.4.3.4-1
. L OOOJ [MPa] ( )
For plate fields stiffened longitudinally (parallel to compressive stress):
m= 84 (13.4.3.4-2)
ky +11
For plate fields stiffened transversely (perpendicularly to compressive stress):
T 2
m=c 1+(5) : (13.4.3.4-3)
) ky +1.1
E — see A2.2;
t, — net thickness of plating panel, [mm)], taking into account the standard deduc-

tion, determined from Table 13.4.3.4;
— length of shorter side of plate field, [m];
— length of longer side of plate field, [m];
= 1.30 — where the plating is stiffened with bottom floors or deep girders,
= 1.21 — where stiffeners are angles or T-sections,
= 1.10 — where stiffeners are bulb flats,

a0 0~
|
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¢ = 1.05 — where stiffeners are flat bars;
ky — is the ratio of the smallest and the largest compressive stress o (see Fig.
13.4.3.4).

The assumed value of %, is to meet the condition 0 < k, < 1.
For plates with cut-outs, of is to be corrected according to 13.4.3.8, 13.4.3.10
and 13.4.3.11.

G G

k26 k20

Fig. 13.4.3.4 Definition of factor k,

Table13.4.34
Item Structure Standard deduction, Extreme values
[mm] min — max, [mm]
1 Vertical bulkheads of spaces subjected to 0.05¢ 05-1
pressure of ballast or liquid stores at one side
2 Horizontal boundaries of spaces subjected to 0.10 ¢ 2-3
pressure of ballast or liquid cargo at one side,
vertical bulkheads of spaces subjected to
pressure of ballast or liquid stores at both
sides
3 Horizontal boundaries of spaces subjected to 0.15¢ 2-4
pressure of ballast or liquid stores at both
sides

13.43.5 The ideal elastic buckling shear stress 7z of plate fields within the adja-
cent supporting contour is to be determined from the formula:

2
t
7, =09k E( n j , [MPa 13.4.3.5-1
E B\ 10008 [MPa] ( )
2
k,=534+4 G) (13.4.3.5-2)

ForE, t,, s,/ —see 13.4.3.4.
For plates with cut-outs, 7z is to be corrected according to 13.4.3.9, 13.4.3.10
and 13.4.3.11.

13.4.3.6 For plate field subjected to combined in-plane load (Fig. 13.3.2.9), the
values of ideal elastic buckling stresses oyz, oz, 7z are to be determined from the
formula:
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, , N
c Y T
i+i+[—’f] =1 (13.4.3.6)
O Oy Tg
where:
G;E — value of ideal elastic buckling stress at compression towards axis x, in

case of combined in-plane load, as shown in Fig. 13.3.2.9;

o, — value of ideal elastic buckling stress at uni-axial compression towards
axis x (Fig. 13.4.3.4), calculated as op according to 13.4.3.4;

O"yE O, — as O';E , O, but at compression towards axis y;

T'E — value of ideal elastic shear stress, in case of combined in-plane load, as
shown in Fig. 13.3.2.9;
7, — value of ideal elastic shear stress, calculated according to 13.4.3.5.

When calculating the values of o, O"yE, and 7, according to formula

13.4.3.6, they are to be assumed to be directly proportional to the values of stresses
0., 0y, T determined according to 13.3.2.9 and 13.3.2.10. Compressive stresses are

to be positive. Where o, or o, are tensile, o,,/0,zor o,/ are to be taken

equal to 0 in formula 13.4.3.6.

13.4.3.7 The values of equivalent ideal elastic stress for plate subjected to com-
bined in-plane load are to be calculated from the formula:

o =(04)" +(0,)" =00, +3(7;)’ (13.4.3.7)

G;E,G;)E,T'E — ideal elastic stresses calculated according to 13.4.3.6, they are to

be non-negative numbers.

13.4.3.8 Where a circular or oval opening has been cut out in the centre of the
panel field, the values of o, calculated according to 13.4.3.4 are to be corrected

through multiplying by non-dimensional factor 7, of values determined acc. to Ta-
ble 13.4.3.8.
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Table 13.4.3.8
Correction factorsfor panelswith openings subject to uni-axial compression

S
d
e

-
V|~

Item Type of opening and direction of Value of r; and scope of application
compression
1 2 3
2
d d
. r 1 =L17-141—+1.17) — | ,
’ @L : :
for: 0.3 < 4 <0.7
! s
I2s
[T =083
2

for: 0.3 < i <0.7
s

l

1
=066 for 1< — <2, =076 for —>2

v :d

v
P

E

3 . . s s
Values of r; valid for:
d 4
! 03< —<0.7 and 1.25< —<2
l2s s d
l 1
=082for 1< —<2,r=066 for —>2
4 K s
Values of r, valid for:
c 03< —<0.75 and 1.25< —<2
I S ‘
1
125
l l
=078 for 1< —<2, =085 for —>2
5 “ ~ s N
y Values of 7, valid for:
¢ |l g d d
/ 03<—<0.75 and 1.25< —<2
125 s c
l
rn=0.74+0.03 —,
6 K

d
for: 0.3 < is 0.75 and 1.25< —<2

N c
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13.4.3.9 Where a circular or oval opening has been cut out in the centre of the
panel field, the values of 7, calculated according to 13.4.3.5 are to be corrected
through multiplying by non-dimensional factor 7; of values determined acc. to Table
13.4.3.9.

Table13.4.3.9
Correction factorsfor panelswith openings subject to shear stresses only
Item Type of opening Value of r; and scope of application
T 2
I — d d
1 { Mm=117-232 —+1.31| — | ,
A
l [ for: 0.3 < is 0.7
- -—_ S
1
1z s
2
d d
r =1.17-232—+131 — | +0.16 175—— + Ar
I S k s s d

c d
for: 1.25< — <2, 03<—<0.7
d s

[\
s
a
[.‘
——

where:

/
Ar=0.08 —<2.5; for 1.5< i<2.5;
Izs Ky N

Ar = 0 — for other Values

d
re=1.17- 232—+131(— +ozz[1——j+m
S

3 l 7y 1 for 05<—<075 0.3 sis 0.7
. T d
T ~
l - Y r where:
e
2
= R / l )
/ Ar=03 ——-0.06| —| —0.25 for —<2.5;
12 s s s

l
Ar =0.125 for —>2.5.
s

13.4.3.10 For the plate panels with circular or oval opening cut out in the centre

of the panel field and strengthened with a flat bar welded around to the edge of the

opening symmetrically to the panel plane, the ideal elastic stresses calculated ac-
cording to 13.4.3.8 or 13.4.3.9 may be corrected in the following way:

a) where the thickness of the flat bar is not less than the panel plate thickness and
the flat bar height is not less than four times the thickness of panel plate, then
for the plate panel subject to uni-axial compression:

r=1 (13.4.3.10-1)
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b) for the plate panel subject to pure shear only, strengthened in way given in a),
value 7, according to Table 13.4.3.9 are to be additionally multiplied by the
factor:

rY = 0.3+2.0i+0.2§+0.6§ (13.4.3.10-2)

N

l, s, ¢, d —dimensions as shown in figures in Table 13.4.3.9,
¢ =d — for a circular cut-out.

c) where, in pure shear, the opening edge has been strengthened with a flat bar of
thickness not less than two times the panel plate thickness and the height not
less than four times panel plate thickness, then:

=1 (13.4.3.10-3)

13.4.3.11 Where the panel with a circular or oval opening in the centre has been
strengthened, as shown in Fig. 13.4.3.11, with flat bars of thickness not less than
the panel plate thickness and the height not less than four times the panel plate
thickness, then for panels subjected to pure shear, the values of 7z calculated ac-
cording to 13.4.3.5 may be corrected, in relation to the requirements of 13.4.3.9, by
multiplying the value of 7, (calculated according to Table 13.4.3.9) by factor r,
determined in the following way:

N
a
- -
-
1
1
1
1
1
1
Q
- —
—
a

- 417 -
/
Fig. 13.4.3.11
r, =[2—£j(0.6+0.1ﬁJ (13.4.3.11)
b t

where:
d,s — dimensions as shown in Fig. 13.4.3.11;
h,t — height and thickness of flat bars, [mm].

For the plate panels subject to uni-axial compression, strengthened as specified
above, stresses oy for each of three parts of the panel, formed due to the application
of flat bars (Fig. 13.4.3.11) may be calculated acc. to 13.4.3.4, i.e. assuming that flat
bars are the stiff support for the panel plate and ignoring the opening. The a/m flat
bars are then to meet the requirements of 13.5.3.1 in association with 13.5.3.2 and
13.5.3.3.
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135 Stiffeners
13.5.1 General Requirements

13511 The scantlings of various stiffeners cross-sections are to be so selected

as to comply with the following requirements:

— the minimum thickness of structural members given in 13.2,

— the bending strength of a stiffener due to lateral load given in 13.5.2,

— stiffener buckling strength, given in 13.3, taking into account 13.5.3, where
applicable.

13.5.1.2 The scantlings of stiffeners subjected to the axial compressive loads are
to be determined according to 13.7.3.

13.5.2 Section Modulus

13.5.2.1 The net section modulus, i.e. after deduction of corrosion allowances

according to 2.5 (see also 13.5.2.5) for:

— longitudinal and transverse stiffeners of the outer and inner bottom and of sides,
as well as stiffeners of tight floors and longitudinal girders;

— longitudinal and transverse stiffeners of decks and platforms,

— longitudinal and transverse, horizontal and vertical stiffeners of bulkheads and
partitions subjected to lateral load,

is to be not less than:

WZIOOOlzsp’

mo

[em’] (13.5.2.1)

but not less than 15 cm’.
m — bending moment factor according to 13.5.2.2 (see also 13.5.2.4), as well as
Table 5.2.3.3.

The allowable stresses o are to be determined as follows (see also 13.5.2.3):
— for longitudinal stiffeners in the midship part of ship: from Table 13.5.2.1 and
the assumed values are not to exceed oy = 160 k, [MPa];
— for longitudinal stiffeners in ship ends: o= 160 k, [MPa]; the value of o may be
varied linearly between the midship part and the ship’s ends;
— for transverse stiffeners (vertical and horizontal), including collision bulkhead
stiffeners : o= 160 k, [MPa];
— for stiffeners of other watertight bulkheads : o= 220 k, [MPa].
oy, — stresses in stiffeners face plate due to double bottom bending in way of the
considered area, [MPa], determined according to the requirements of Chap-
ter 14.
The applied values of oy, are not to be less than oy, = 15 k, [MPa].
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Table135.2.1
Allowable bending stressfor longitudinal stiffenersin the midship part of ship
Item Longitudinal stiffener in way of: o, [MPa]
1 Outer bottom:
1.1 — in double bottom 225 k—130f- oy
1.2 — in single bottom 225 k—130f
2 Inner bottom 225 k—100f— oy
3 Tight longitudinal girders 225k-110f
4 Sides 225 k- ?30‘]‘(2,,—2,,)/2,,.
max 130 £ in single—deck ships
5 Longitudinal bulkheads 225k—-130f(z,—z4)/ 2,
6 Deck:
6.1 — strength deck, long superstructure and effective 225k-130f
deckhouse above the strength deck
6.2 — continuous decks below the strength deck 225k-130f(z,—z4)/ z,

13.5.2.2 The following values of the bending moment factor m are to be as-
sumed in formula 13.5.2.1:

m =12 for continuous longitudinal stiffeners,

m =10 for discontinuous longitudinal and transverse stiffeners,

m=7.5 for free supported vertical stiffeners,

m =10 for vertical stiffeners which may be considered fixed at both ends.

For watertight bulkhead structures exposed to sea water pressure in flooded
conditions:
m =16 for stiffener fixed at both ends,
m =12 for stiffener fixed at one (lower) end and simply supported at the other,
m=238  for stiffener simply supported at both ends.
Note: The above values of m for watertight bulkheads have been based on the assumption that plas-

tic hinges occur at fixed supports and are not to be compared with the bending moment factor
m corresponding to elastic bending.

13.5.2.3 The stiffener and plating are generally to be of steel with the same yield
stress. If the stiffener is of a greater value of yield stress than that of the plating, o
corresponding to the plate material is to be applied. If the calculated stress in the
plating is less than the applicable limit, the value of o for the stiffener may be mul-
tiplied by a factor not greater than k, / k, (k, — material factor for stiffener;
k, — material factor for plating).

13.5.24 In special cases, stiffeners may be snipped at the ends if the thickness of
plating supported by the stiffener is not less than:



148 Hull — B Basic Requirements

(1—0.5s)sp
t=125 Tﬂk’ [mm] (13.5.2.4)

In this case the section modulus is to be calculated from formula 13.5.2.1 taking:
m=8, o=145k [MPa].

13,525 Design section moduli of stiffeners (within region A or B according to
sub-chapter 2.5) are to be increased in relation to values W, calculated from for-
mula 13.5.2.1, due to corrosion additions.

For stiffeners welded of web and face plate or made of flat bars, adequate value
of # (see 2.5) is to be added to the web and face plate thicknesses to ensure the
required value of net section modulus.

For stiffeners made of rolled sections, the design section modulus may be calcu-
lated as the product of W calculated from formula 13.5.2.1 and factor wy, deter-
mined from the following formulae:

— for angles:

w, =1+01¢, (13.5.2.5-1)
— in other cases:

w, =1+0.06¢, (13.5.2.5-2)
t, — corrosion addition, see 2.5 (Part B).

13.5.3 Buckling Strength of Stiffeners

13.53.1 The scantlings of cross-section of:

— longitudinal stiffeners of bottom, sides, strength deck and longitudinal bulk-
heads taking part in the ship longitudinal strength,

— stiffeners and supporting girders of bulkheads and sides,

— pillars,

— cross-ties,

— rows of panting beams fitted at the side stringers level in forepeak and after peak,

— girder webs stiffeners

are to comply with the requirements given in 13.3 for buckling strength, applying

the ideal elastic buckling stress ox determined below.
The following buckling modes of a stiffener are to be considered:

— lateral buckling of the whole stiffener,

torsional buckling of the whole stiffener,

local web buckling,

flange buckling.

13.5.3.2 For checking the lateral buckling strength of longitudinal stiffeners
subjected to compression loads due to hull girder bending, bulkhead supporting
stiffeners, pillars, cross-ties, rows of panting beams in the forepeak and longitudi-
nal stiffeners of girder webs, the ideal elastic buckling stress or may be determined
from the formula:
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Ia

Al

I, — moment of inertia, without corrosion allowance, about the axis perpendicular
to the expected direction of buckling, i.e. perpendicular to the plating, [cm®];

A — cross-sectional area of stiffener, [cm®].

When calculating 7, and A, the effective width of plating equal to the stiffener
spacing and the thickness equal to 7, may be included — see 13.4.3.4.

The of value, calculated according to formula 13.5.3.2, corresponds to simply
supported ends of the stiffener and axial compression.

If, in a particular case, it is verified that one end can be regarded as fixed, the
value oy may be multiplied by 2. If it is verified that both ends can be regarded as
fixed, the value of or may be multiplied by 4.

The ends of stiffener may be considered fixed if:

— they are connected to the girders having considerable bending stiffness in rela-
tion to the supporting member in two perpendicular directions,
— they have end brackets on both ends.

o, =0001E 2, [MPa] (13.5.3.2)

13.5.3.3 At checking the torsional buckling strength of a stiffener, the value og
may be determined from the formula:

2
op = ”4E1W2 (mz +£2J+0.385E1—’, [MPa] (13.5.3.3-1)
1071,/ m I,
4
K= fl 10° (13.5.3.3-2)
7 El,
m — number of buckling made half-waves, it may be determined from the fol-
lowing formula:
(m—1Y m*<K < (m+ 1) m*, where:
m=1 for 0<K<4,
m=2 for 4<K<36,
m=3 for 36<K<144,
m=4 for 144 <K <400;
I, — sectorial moment of inertia of the stiffener cross-section about connection
of stiffener to plating, [cm®]:
— for flat bars:
it
I,=—+"-10 (13.5.3.3-3)
36
— for T-sections:
352
I, =%-10-6 (13.5.3.3-4)

— for angles and bulb floats:
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I —%[tm(bz+2bmhs+4hf)+3tsbmhs]-10‘6 (13.5.3.3-5)

wy_l bﬂ1+}lS)2 !
hy, — web height, [mm];
t;, — web thickness, [mm], minus standard deduction according to

13.4.3.4, i.e. assuming ¢, = t,;
b, — flange width, [mm];
tn — flange thickness, [mm], minus standard deduction according to
13.4.3.4,
For bulb sections, the mean thickness of bulb is to be taken;
[ — span of stiffener, [m];
Iy — polar moment of inertia of stiffener cross-section about connection of
stiffener to plating, [cm*]:

— for flat bars:
h? tv -4
I,= ‘3‘ -10 (13.5.3.3-6)
— for stiffeners with flange:
3
I, = {hTf T hb, tm} 107 (13.5.3.3-7)
I, — St. Venant’s moment of inertia of stiffener cross-section (without effec-
tive plate flange), [cm*]:
— for flat bars:
hot! | 4
I, = 3 -10 (13.5.3.3-8)
— for stiffeners with flange:
I =Xh i+, t;(l - 0.63tiJ 107 (13.5.3.3-9)
3 b,
¢ — spring stiffness exerted by supporting plate panel:
k,Et
c= A -107° (13.5.3.3-10)
133k, h t’
3| 1+ ——2—F
1000s7;
k, = 1—r,butnot less than k, = 0, (13.5.3.3-11)
y=2r (13.5.3.3-12)
Ok

o, — design compressive stress, [MPa]; for longitudinal deck be-
ams, bottom and side frames, as well as stiffeners of longi-
tudinal bulkheads — see 13.3.2.7;

o, — ideal elastic buckling stress of supporting plate according to
13.4.3.4;
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t, — plating thickness, [mm], minus standard deduction according to
13.4.3.4.

For stiffeners with flanges, the assumed value of k, factor need not be ta-

ken less than 0.1.

13.5.3.4  For checking the local buckling strength of a web, the value or may be
determined from the formula:

2
t
op = 3.8E(h—“j , [MPa] (13.5.34)
hy — see 13.1.2;
t;, — web thickness, [mm], minus standard deduction according to 13.4.3.4.

13.5.3.5 Buckling strength of flange of longitudinal stiffener made of angle or T-
section may be considered sufficient if the following requirement is complied with:

1
t, =>—b, (13.5.3.5)
15
b, — flange width for angle bar, half the flange width for T-sections, [mm];
t, — see 13.5.3.3.

13.5.3.6 For stiffeners supporting plate panels subject to compression perpen-
dicular to the stiffener direction (e.g. transverse deck beams of strength deck, verti-
cal side frames and stiffeners of longitudinal bulkheads), the moment of inertia of
stiffener cross-section, including effective plate flange, is not to be less than:

0090, o, I's

I , [em"] (13.5.3.6-1)

t — plate thickness, [mm];
o, — compressive stress, [MPa], acting in plate panels perpendicular to stiffener;

or=1180,, [MPa] — when ox<0.5R,, (13.5.3.6-2)
2
o :R—e , [MPa] — in other cases; (13.5.3.6-3)
4(R, -1180,)
[,s—see 13.1.2.

136 SimpleGirders
13.6.1 General Requirements

The structure of simple girders and the scantlings of their structural parts are to
comply with the below specified requirements within the scope of:

— minimum thickness, as given in 13.2,

— section modulus, as given in 13.6.2,

— web cross-sectional area, as given in 13.6.3,

— buckling strength, as given in 13.6.4.
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13.6.2 Section Modulus

13.6.21 The section modulus of a girder, subjected to lateral load, is to be calcu-
lated including effective plate flange, determined according to 3.2.2, about the neu-
tral axis parallel to the plating. The net section modulus, i.e. after deduction of
corrosion additions according to 2.5, if required, is not to be less than that deter-
mined from the formula:

2
, 10001%hp.
mo

w [cm’] (13.6.2.1-1)

l,b,p—see13.1.2;
o — allowable stress determined as follows:
— for the continuous longitudinal girders amidships:
z —z
o =190k -130f ——, [MPa] (13.6.2.1-2)
but not more than 160 £ [MPa];
— for the longitudinal girders in peaks:
o=160k , [MPa]
The value of o varies linearly between the above specified regions;
— for transverse and vertical girders:
o=160k, [MPa]
m — bending moment factor (see 5.2.3.3), in general m = 10 may be taken.

13.6.2.2 Design values of W may be determined according to the requirements
of 13.5.2.5.

13.6.3 Web Cross-section Area

13.6.3.1 Effective web cross-section area of girder subjected to the lateral load,
determined according to 3.2.3, is not to be less than:

4 =%+omhs t,, [em] (13.6.3.1)
¢ = 0.75 — for web of watertight bulkhead girders (not applicable to the collision
bulkhead),
¢ = 1.0 in other cases;
ki = 0.06 — for continuous horizontal girders, as well as upper ends of vertical

girders of sides and bulkheads,
ki = 0.08 — for lower ends of vertical girders of sides and bulkheads,
ki = 0.07 — for deck girders;
L, b,p,hs, ty—see 13.1.2.

13.6.3.2 The web cross-section area in the middle of the span is not to be less
than half the value determined from formula 13.6.3.1.
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13.6.4 Buckling Strength of Girders

13.6.4.1 The buckling strength of girders subjected to axial loads (pillars and
cross-ties) is to be checked in compliance with 13.7.3 and 13.7.4.

13.6.4.2 The buckling strength of girders subjected to transverse loads and pos-

sible additional axial loads due to the hull girder bending is to comply with the

following requirements:

— lateral buckling strength of the whole girder need not, in general, be checked;

— it is assumed that the requirements regarding torsional buckling of girders and
local buckling of flanges are complied with, if requirements of 3.6.2 and 3.6.4
are satisfied;

— girder webs are to comply with local buckling strength criteria, given in
13.3.2.2, 13.3.2.3 or 13.3.2.5 for design stress value determined according to
13.3.2.7 or 13.3.2.10. Their stiffening or strengthening in accordance with the
requirements of 3.6.3 may be required for that purpose.

13.6.4.3 For girders supporting longitudinal stiffeners (deck beams, frames, lon-
gitudinal bulkhead stiffeners) or girders supporting other stiffeners subjected to
axial compression stresses, the moment of inertia of girder cross-section (including
effective plate flange) is not to be less than:

It s
[=03->, [em] (13.6.4.3-1)
b’ s
l, — span of the girder, [m];
b — distance between girders, [m];
s — spacing of stiffeners, [m];
Al - , :
I, = gémE , [em*] — moment of inertia of compressed stiffener cross-section,
necessary to satisfy the requirements of 13.5.3.2;
op=1180, if 6, <0.5R,, (13.6.4.3-2)
R2
o, =———%——, [MPa] —in other cases; (13.6.4.3-3)
4(R, - 1180,)
o, — the compressive stress in the stiffener, [MPa];
A — cross-section area of stiffener, as given in 13.5.3.2, [cm];
[ — span of stiffener, [m].

13.7 Pillarsand Supporting Members
13.7.1 Application

The requirements of the present sub-chapter apply to members subjected to
compressive axial stresses: deck pillars, vertical stiffeners and bulkhead girders
supporting deck structures, panting beams in peaks and cross-ties in tanks.
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13.7.2 General Requirements

13.7.2.1 As far as practicable, the deck pillars are to be fitted in line with the
upper and lower pillars.

13.7.2.2 Transverse web beams in decks and platforms of machinery spaces are
to be fitted in line with side web frames and deck pillars to form stiff frame struc-
tures.

13.7.3 Pillarsand Supporting Stiffeners

13.7.3.1 The critical buckling stress o, of pillars, cross-ties and panting beams,
determined according to 13.5.3 and 13.3.2.2, is to be not less than:

10P
o=——, [MPa] (13.7.3.1-1)
Ak,
P — axial load, as given in 13.7.3.2, 13.7.4 or obtained from direct stress analysis
according to Chapter 14, [kN];
k
k= 21 , but not less than 0.3; (13.7.3.1-2)
I+-

i

k, = 0.5 — for supporting members of weather deck within x > 0.4 Lo, as well as
for cross-ties and panting beams in side tanks and peaks,

k, = 0.6 — for supporting members of weather deck when sea loads are applied,

k, = 0.7 —1in other cases;

/I . . . .
i = 7“ — radius of gyration of cross-section of the supporting member, [cm];

1, A—see13.5.3.2;
[ — span of a pillar, cross-tie or panting beam.

13.7.3.2 The nominal axial force in deck pillars is to be determined from the
formula:
P=>P, [kN] (13.7.3.2)

P; — force transmitted to the considered pillar from deck i, [kN].

The force transmitted from deck girders is to be taken equal to half the sum of
lateral forces acting on girders supported by the considered pillar.

13.7.4 Crosstiesand Panting Beams

The required cross-sectional area of cross-ties in tanks and panting beams in pe-
aks is to be determined according to 13.7.3.1, taking k, = 0.5 and the axial force
determined from the formula:

P=1bp, [kN] (13.7.4)
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[ — mean span of a girder or frame supported by a cross-tiec or panting beam,
[m];
b — plating breadth supported by a girder or frame as given in 3.2.2.3, [m].

13.8 Brackets
13.8.1 Application

The requirements of the present sub-chapter apply to brackets connecting stiff-
ener and girder ends to other structures.

13.8.2 End Connections of Stiffeners

13.8.2.1 All types of stiffeners are to be connected at their ends with brackets. In
special cases, bracketless connections or snipped ends of stiffeners may be al-
lowed.

13.8.2.2 The scantlings of end brackets of stiffeners taking part in longitudinal
strength of ship are to be determined taking into account forces acting in the stiff-
ener considered and using the allowable stresses equal to those taken for stiffeners.

13.8.2.3 The scantlings of brackets for stiffeners not taking part in the longitudi-
nal strength are to comply with requirements of 13.8.2.4 to 13.8.2.8 (see also Fig.
13.8.2.3 and 3.2.1.1).

a2 az a a?

a1

| /

[
- -

;mf
=

N
L

a1

Fig. 13.8.2.3  Stiffener end brackets

13.8.2.4 The thickness of bracket ¢, is to be determined from the formula:

_3+k1\/W+

t, ; t,, [mm] (13.8.2.4)
K,
W  — rule section modulus for the stiffener (the minimum value if more than one
stiffener have been attached to the bracket), [cm’];
ki — 0.2 for flanged brackets along free edge,

ki — 0.3 forunflanged brackets;
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k, — material factor for bracket (see k£ in 2.2.1.2);
k, — material factor for stiffener.

The bracket thickness ¢, is not to be less than 6 mm and need not be greater than
13.5 mm; the corrosion addition #; need not exceed 1.5 mm.

13.8.25 The bracket arm length « is to be determined from the formula:

a=c /? , [mm] (13.8.2.5-1)
W, t,— according to 13.8.2.4;
a — see Fig. 13.8.2.3;

¢ = 70 for flanged brackets along free edge,
¢ = 75 forunflanged brackets.

The arm length a is not to be less than 2 times the depth of the stiffener web. In
the case of different arm lengths a; and a,, their sum is not to be less than 2 a and
the length of the smaller arm is not to be less than 0.75 a (see Fig. 13.8.2.3). Where
the length of free edge exceeds 50 #,, a flange or edge stiffener is to be fitted, its
width being taken not less than that calculated from the formula:

b=40(1+l), [mm] (13.8.2.5-2)
1000

but not less than 50 mm.

13.8.2.6 The bracket scantlings are to be such that the section modulus of the
connection cross-section in way of bracket is not less than that required for the
stiffener.

13.8.2.7 Bracketless end connections may be applied for longitudinals and other
stiffeners running continuously through girders (web frames, web deck beams,
bulkheads), provided sufficient welded joints are arranged (for longitudinals see
also 6.2.2.2 and 8.2.2).

13.8.2.8 Stiffeners with snipped ends may be allowed where dynamic loads are
small and where vibrations are to be considered to be of small importance, pro-
vided the thickness of plating supported by the stiffeners is not less than calculated
from the formula:

(Z—O.Ss)sp
t=125 T-Hk’ [mm] (13.8.2.8)

[ — stiffener span [m];
s — stiffener spacing, [m];
p — pressure acting on plating supported by stiffener in question, [kPa].
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13.8.3 End Connections of Girders

13.8.3.1 Ends of girders or connections between girders forming frame systems
are to be provided with brackets.

The free edges of the brackets are to be rounded with a radius or well rounded at
their toes and stiffered.

Bracketless connections may be applied, provided adequate support of adjoining
face plates is arranged.

13.8.3.2 The thickness of girder brackets is not to be less than that of the girder
web plate.

Girder brackets are to have along their free edges the face plates with cross-
sectional area not less than:

A,, =101t , [cm’] (13.8.3.2)

mw

I, — length of free edge of bracket, [m];
If /,, exceeds 1.5 m, the bracket is to be fitted with an additional stiffener par-
allel to the face plate and maximum 0.15 m from the edge, the cross-
sectional area of the face plate being equal to 60% of the value determined
from the above formula and the cross-sectional area of the stiffener equal to
40% of this value;

t, — thickness of bracket, [mm].

Where face plate of the girder is continuous with the bracket face plate, as far as
possible, the change in face plate dimensions is to be gradual. Where there is
a discontinuity between the face plates, the face plate of the girder is to extend well
beyond the toe of the bracket.

13.8.3.3 The bracket arm length, including the girder depth is to be determined
from the formula:

a, = ,  [mm] (13.8.3.3)

8N

w

W — the required section modulus of the girder connected with the bracket, [cm’];

t, — bracket thickness, [mm];
¢ = 63 for bracket of bottom and deck girders,
¢ = 88 in other cases.

Other values of ¢ may be accepted after special consideration by PRS.

13.8.3.4 Normal stresses in mid length of bracket free edge are not to exceed the

allowable stresses specified in 14.4 increased by:

— 25% for structures where the bracket with stiffened edge is welded to the face
plates of connected girders,

— 45% for structures where the bracket is an integral part of both girders, its face
plate being an extension of the girder face plates.
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13.8.3.5 At cross joints of bracketless connections, the required flange area of
face plate may be gradually tapered beyond the crossing flange. For flanges in ten-
sion, the allowable tensile stress is to be reduced when lamellar tearing of flanges
may occur.

The thickness of girder web at cross joints of bracketless connection (see Fig.
13.8.3.5) is not to be less than the greater value determined from the following
formulae:

_oa4d 5 b

t,=— , [mm 13.8.3.5-1
>k, h, Kk, 100 [rm) ( )
o, 4, 1, t
ty=—2-2—-—"L—1 [mm] (13.8.3.5-2)
k, h, k 100
Ay, A, — minimum required flange cross-sectional area of girder 1 and 2, respec-
tively, [cm’];
hy, h, — height of girders 1 and 2, [mm];
t1,t, — minimum required thicknesses (outside region 3) of girder 1 and 2 web
plates, [mm];

o1, 0 — Dbending stresses in girders 1 and 2, [MPa];
71, » — shear stresses in webs of girders 1 and 2, [MPa];
k; — material factor for corner web plate (region 3) of the web.

% 1
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| — ]

Fig. 13.8.3.5 Bracketless connection of girders
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14 PRINCIPLESOF FINITE ELEMENTSMETHOD CALCULATIONS -
ZONE, GENERAL AND LOCAL STRENGTH

141 General
14.1.1 Application

14.1.1.1 The requirements of the present Chapter are applicable for:

— ship's hull girder system strength analysis;

— hull general strength analysis in cases, when the strength assessment in accordance
with the requirements of Chapter 15 (e.g. in ships with superstructures located
amidship, ships with wide openings in decks, etc.) cannot be performed,;

— hull's stiffeners strength assessment in cases, when methods and criterion given
in 13.5 cannot be applied.

Determined values of stresses may be applied in the shell, girders webs and stiffen-

ers stability analysis — in accordance with criterion given in 13.3.21 13.4.3.

14.2 Design loads

14.2.1 Stresses analysis in the structure shall be performed for the most unfa-
vourable, actual load conditions of the ship.

Following conditions shall be taken into account:

— the ship in full displacement condition;

— the ship in the maximum displacement condition (if in the ship's design the as-
sumption is made, that the draught is more than 7), and with lower displacements,
applicable in service (e.g. with incomplete mass of stocks or water ballast);

— handling the ship in stay or in motion, as well as supplying the ship in motion.
For ships in at sea conditions, a real combination of internal and external dy-

namic loads, as defined in 17.5, shall be incorporated. In port conditions (tranship-

ment operations) dynamic loads can be omitted. Loads from the forces of gravity

and inertia of deck construction elements may be omitted if they are less than 5%

of the computational loads. Method of application of load to strength structure

models is defined in 14.3.3, 14.4.3 and 14.6.

14.3 Assessment of the Zone Strength on the Basis of Beam FEM Models
1431 Application

14.3.1.1 The term ,,beam FEM model” means models in a form of continuous
beams, flat frames and three-dimensional frames.

Such models may be accepted in case of zone strength analysis of the hull struc-
ture modulus consisting of flat, or almost flat, stiffened fragments of the plating,
strengthened with girders (such as side shell, bottom, decks bulkheads), which can
be considered as slender.
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14.3.1.2 The zone strength analysis of the structure with strongly variable shapes
(such as the hulls without middle body or end parts of the hulls) shall be made in
accordance with the requirements of sub-chapter 14.4.

14.3.2 Principlesof Structure Modelling

14.3.2.1 FEM model beam elements shall, in general, be located in a neutral axis
of the section under consideration.

In the case of T beams welded to the shell plating, placing of elements in a line
of the web contact with plating is permissible.

14.3.2.2 FEM calculations with application of beam elements shall be made in a
linear-elastic range, with consideration of deformations due to bending, shear, tor-
sion, tension and compression.

14.3.2.3  Strength characteristics of the model elements' transverse sections (sec-
tion area, moment of inertia and section moduli) shall be determined for net thick-
nesses of structural elements, e.g. after deduction of corrosion allowances accord-
ing to 2.5.

14.3.24 Moments of inertia and section moduli of the girders shall be calculated
for the web with the effective flange or flanges (in the case of double skin struc-
tures).

Width of effective flange shall be determined in accordance with 3.2.2.1. Stiffen-
ers located on the effective flange may be considered in accordance with the re-
quirements of 3.2.2.1.

The webs of T girders shall be considered in its entirety.

14.3.2.5 In the area of openings in a web, shear area shall be taken as an effec-
tive web section area determined in accordance with 3.2.3.

14.3.2.6  Torsional constant for the T girders (Fig. 14.3.2.6a) shall be determined
from the formula:

3
I, = ;zzizf . (14.3.2.6-1)
i=1

Torsional constant for the girders in double skin structures shall be determined
from the formula:

b -h?

0= 1"’ f . (14.3.2.6-2)
7_{_7
ZLl t2

Thicknesses ¢, and ¢, in the above formulae are the net thicknesses of the plating.
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14.3.2.7 In areas of brackets and girders crossing rigid beam elements (or rigid
ends of elements — if computer software allows) with lengths determined acc. to
Fig. 14.3.2.7, shall be applied.

Rigid elements or ends
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Fig. 14.3.2.7 Determination of rigid elements or rigid ends length

Strength characteristics of the rigid elements shall be determined in the follow-
ing way:
— moment of inertia shall be assumed 100 times of the average elements with
finite rigidity, applied in given model, moment of inertia,
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— section area and shear section area shall be assumed 10 times of the average
elements with finite rigidity, applied in given model, relevant sections' area.

14.3.3 FEM Model Loads

14331 Loads of FEM model due to water pressure, liquid stores or stores loads on
decks shall be imposed to the beam elements in a form of continuous load of value:

q=p-b (14.3.3.1)
where:
p — calculation pressure,

b — width of supported plating strake (equal to a half of distance between adja-
cent girders, bulkheads, etc).

14.3.3.2 Load from the equipment, containers, etc., may in general be imposed
in a form of point loads to FEM model joints.

14.3.3.3 At the edge of FEM model, loads in the form of concentrated forces and
moments resulting from loads acting on the hull structure outside the region, which
is covered by a FEM model, shall be applied.

14.3.4 Boundary Conditions

14.3.41 Nodes of FEM model may, generally, be supported non-displaceably in
a vertical direction, in the planes of sides, transverse and longitudinal bulkheads, as
well as vertical divisions.

14.3.4.2 At the edge of FEM model, interaction of analyzed fragment of the
structure with the rest of the hull — in the form of the respective springs connected
to the nodes of the model, shall be considered.

14.3.43 FEM model may embrace the hull structure fragments on one side of
the plane of symmetry. In such case, under symmetrical load, adequate boundary
conditions in the plane of symmetry (nought rotation angle of the nods around lon-
gitudinal and vertical axis) shall be applied.

14.3.5 Permissible Stresses

Permissible values of stresses in girders, relevant to calculation loads according
to Chapter 17, are given in 14.5.

14.3.6 FEM Calculations Report
14.3.6.1 Calculations Data

Report on calculations shall include following information concerning applied
input data:
— arrangement of beam elements (drawing of the model — generated e.g. by the
computer programme — and co-ordinates of the nodes);
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— assumed for calculations sections of beam elements and values of their strength
characteristics (strength and section moduli, etc.);

— applied loads;

— applied boundary conditions;

— material properties (Young's modulus, Poisson's coefficient, yield point).

14.3.6.2 Calculations Results

Presented calculations results shall include:

— the drawing of deformed structure (computer print) and the maximum values of
the nodes shift;

— the values of stresses in individual FEM model elements.

14.4 Assessment of the Zone Strength on the Basis of FEM M odelswith
Application of Membrane, Shell and Beam Finite Elements

1441 Application

14411 Requirements of the sub-chapter 14 apply to calculations of the zone
strength with application of spherical FEM models (application of membrane, shell
and beam finite elements).

14412 FEM model should comprise adequately large module of the hull con-
struction, so that in the area, where the strength of the girders is assessed, the influ-
ence (on the results of the calculations) of inaccurate modelling of interaction FEA
model girders with the other girders be minimized — in the form of boundary condi-
tions posed on the model edge.

The minimum required range of FEM model includes a module of the hull from
the middle of the space between watertight bulkheads, to the centre of such adja-
cent space. However, it is advisable to develop a FEM model which includes three
consecutive spaces between watertight bulkheads.

14.41.3 Where the boundary conditions, in a form of designated values of relo-
cations, are assumed on the basis of the results of FEM hull general strength analy-
sis in accordance with 14.6, model FEM may be less extended.

14414 The calculation results of FEM model required in 14.4.1.2, may be util-
ized as the boundary conditions for the local FEM strength analysis, in accordance
with 14.7.

14.4.2 Principlesof the Structure Geometry Modelling

14.42.1 Following principles of modelling relate to FEM calculations in a lin-
ear-elastic range, with application of models, where 4-nodal membrane or shell
finite elements and 2-nodal rod or beam elements are applied .



164 Hull — B Basic Requirements

Application of higher order elements (8-nodal or 6-nodal) generally enables use
of a more coarse division into finite elements, than is required below. Such models
are subject to separate consideration by PRS.

Application of 3-nodal elements should be avoided. To avoid unacceptable shapes
of quadrangle elements — in exceptional cases 3-nodal elements may be applied.

14.42.2 FEM model should take into account all the girders in the analysed hull
module (with brackets), plating and plating stiffeners.

Net thickness of structural elements should be applied, i.e., corrosion allow-
ances required in 2.5 shall be deducted.

In the case of curved webs of girders or curved plating (e.g. at bilge), and for
obtaining value of effective area A4, acc. to 3.2.2.4 and 3.2.2.5, their reduced effec-
tiveness in bending condition shall be regarded by application of reduced plate
thickness.

14.42.3 Plating stiffeners in a form of 2-node beam non-axial elements, e.g.
those taking account to the shift of stiffener neutral axis in relation to the plating,
shall be considered.

In the case that in actual computer programme application of such elements is not
possible, stiffeners' modelling in a form of 2-node rod elements in a plane of plating,
is permissible. Relevant section areas of these elements shall, however, be reduced in
relation to section areas of stiffeners, for proper representation of girder's bending
stiffeness with stiffened belts of plating.

14424 Girders' face plates and stiffeners applied for ensuring girders' webs
stability may be considered in a form of rod 2-node elements. In the case of curved
face plates, requirements of 14.4.2.2 shall apply.

14425 For FEM modelling of plating, girders' webs and brackets with applica-

tion of membrane or shell elements, following principles shall be observed:

— ratio of the longer quadrangle element's side length to the shorter side length
should not, in general, exceed 2, and in no case shall be greater than 4;

— an angle between element sides shall be in a range 60° do 120°;

— angles of triangle elements (if their application cannot be avoided) shall be in a
range 30° do 120°.

14.4.2.6 For modelling of plating, division to finite elements shall be such, that

their size is not greater than given in following minimum requirements:

— at the height of girders webs at least 3 finite elements shall be applied, and the
web division to elements shall be adjusted to web's stiffeners arrangement;

— at dividing to finite elements of hull shell plating, plating of decks and bulk-
heads, at least one finite element between neighbouring stiffeners shall be ap-
plied; in the direction along the ship, the length of finite elements sides shall not
be greater than frame spacing.
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14427 Small openings and cuts in girders webs (overflow and air openings,
cuts for the passage of plating stiffeners) may be disregarded in FEM model.

Communication and lightening holes may, in general, be taken into account by
application in area of these openings, on entire height of the web, elements of re-
duced thickness (proportionally to the opening height) in such manner, that the
actual value of the web sheer transverse section is maintained.

In the case, where the openings of non-typical dimensional proportions, or
openings of relatively big dimensions are applied, their direct consideration in the
FEM model may be required.

14.42.8 The web brackets shall be directly considered in the FEM model. Sides of
finite elements in region of such brackets shall not be greater than 250 mm, while in
each case, along the free edge of the bracket side of at least 3 finite elements shall be
placed.

1443 Load

14.4.3.1 If the plates of plating are modelled by shell elements, and the stiffeners
are modelled by beam elements, then load from outside the hull water, and loads
from ballast water or liquid stores from inside the hull may be imposed to FEM
model in a form of pressures.

14.4.3.2 If the plates of plating are modelled by membrane elements, than the
loads described in 14.4.3.1 shall be applied in a form of continuous loads in planes
of stiffeners' webs (in situation when the girders webs are modelled by membrane
elements) or in planes of the girders.

The value of the continuous load is equal to the value of the pressure multiplied
by the width of supported plating strake.

14.43.3 Loads from the equipment elements and the armament of the ship, as
well as the stores other than liquids in integral hull tanks, shall be applied in a form
of continuous loads, in accordance with principles of 14.4.3.2.

It is recommended that the loads, close to concentrated loads, are also applied in
a form of a continuous load — at the relatively short distance.

14.4.4 Boundary Conditions

14441 For the loads symmetric in relation to the hull plane of symmetry (PS)
the FEM model covering module of structure between PS and the ship side may
be applied.

In such case in PS, boundary conditions relevant to the symmetry shall be
applied, e.g.:
— zero values of nodes shift in a direction perpendicular to PS;
— zero values of bracket rotation angles around longitudinal and vertical axis.
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14442 In the case of FEM models of the hull structure modulus with range
required in 14.4.1.2, in the nodes situated in the end frame sections, symmetry con-
ditions in a form of zero values of rotation angles around transverse and vertical
axis, and zero values of longitudinal shift, may, in general, be applied.

If the FEM model is simultaneously utilized to assessment of the hull general
strength, then in the above planes boundary conditions specified in 14.6.3.4 shall
be applied.

14.44.3 Nodes of FEM model in planes of sides and bulkheads may, in general,
be supported in the vertical direction, at the level of the uppermost deck.

1445 Report of FEM Calculations
14451 CalculationsData

Report on calculations shall include complete information concerning applied
input data.

In each case the following information shall be given:

— assumed plates thicknesses (in a form of FEM model colour map, or numerical
values on the FEM model background);

— transverse sections of the webs modelled by the rod elements;

— effective cross section areas of the curved webs or the substitute thickness of the
curved plating;

— parameters of the transverse sections of the beam elements;

— applied boundary conditions (description or in graphical form — on the FEM
model drawings);

— applied loads (form as above);

— material properties (Young's modulus, Poisson's coefficient, yield point).

14.45.2 Calculations Results

Report on obtained calculation results shall include:

— the drawing of deformed structure with information on the maximum values of
the nodes shift;

— the values of the normal, sheer and reduced stresses in individual FEM model
membrane or shell elements — in a form of colour map, or numerical values on
the FEM model background.

145 GirdersPermissible Stresses

1451 Application

Values of permissible stresses given in the present sub-chapter are applicable to
the calculations in accordance with the requirements of 14.3 1 14.4.

In the case of calculations acc. to 14.4, requirements of the sub-chapter 14.5.2,
relating to interpretation of calculated stresses, shall also be taken into account.
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145.2 Interpretation of the Stresses Calculated with Application
of Membrane or Shell FEM Models

14521 Normal stresses o , subject to assessment, are membrane stresses. In
the case of shell elements, these are internal plane stresses (stresses in the midlle of
the plates thickness).

14522 Sheer stresses 7 in the girders webs subject to assessment, are mean
stresses, calculated for the effective section area of the web with openings acc. to 3.2.3.

14.5.2.3 Reduced stresses shall be calculated from the formula:

o, =|ol +0l -0,0,+3r7 , [MPa] (14.5.2.3)
where:
x,y — axis of local co-ordinate system;
or — normal stresses in x axis direction;
o, — normal stresses in y axis direction;
7 — sheer stresses in xy plane.

14.5.2.4 In the case where finite elements of constant stresses values in the ex-
tent of the element are applied, consideration of the actual stresses variation in the
extent of element may be required.

In such situations, assuming that the computer programme calculates values of
stresses in the middle of the element, linear interpolation may be applied.

14525 Values of stresses in regions of notches may, in general, be greater than
permissible stresses defined in 14.5.3.

Values of such stresses are subject of separate PRS consideration.

In such cases analysis of fatigue strength in the region of notches — in accor-
dance with the Chapter 16, may be required.

14.5.3 Valuesof Permissible Stresses

145.3.1 For girders, which do not transfer stresses from general bending or the
hull torsion (such, as transverse, vertical girders, etc.) values of the permissible
stresses are as follows:

o =160k, [MPa] (in the direction of the web axis);

T = 90k, [MPa], for the girders with one effective flange;

7= 100k, [MPa], for the girders with two effective flanges;

o, = 180k, [MPa].

145.3.2 For the girders transferring normal stresses from the general bending or

torsion (longitudinal girders), values of the permissible stresses are as follows:

— acc. to 14.5.3.1, where the stresses from general bending or the hull torsion are
not considered;
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— o = 190k, [MPa] — permissible value of the aggregate normal stresses in gird-
ers, from the zone bending and from general bending or torsion; for calculations
0.59 value of M,, determined acc. to 15.5 (see 15.1.1.2) or 0.59 value of bending
and torsional moments acc. 15.12.3 1 15.13.3 and 0.35 value of M,, as above (as
in formula 15.3.4.1-1).

145.3.3 Permissible value of normal stresses in the middle of the free edge of
the girder's bracket, along the bracket end, is 200k, [MPa].

Above requirement applies to all girders. In the case of longitudinal girders,
both load variants, required in 14.5.3.2, shall be considered.

14534 Values of the permissible stresses given in 14.5.3.1+14.5.3.3 concern
loads in sea conditions, determined acc. to Chapter 17.

For the port conditions (loading operations), and for the ship-in-repair conditions,
the values of permissible stresses may be increased by 10% to the given above.

14.6  Assessment of General Strength with FEM Application
146.1 Application

14.6.1.1 In situations where calculations of Chapter 15, based on beam or rod
hull model, can not be applied for the assessment of the general strength of the
hull, FEM calculations, applying membrane — rod or shell — rod model, in accor-
dance with the requirements of subdivision 14.6, shall be performed.

Such calculations are required, e.g. in the case of the hulls without midship
body, ships with long superstructures in the central part, the hulls with wide hatch
openings.

Calculations by this model can also be used to determine the boundary condi-
tions for the analysis of the zone strength.

14.6.1.2 Assessment of the general hull strength may be performed with applica-
tion of FEM model in accordance with the requirements of 14.4.1.2, applied for the
zone strength analysis.

14.6.2 Requirementsfor FEM Models

146.21 Assessment of the hull general strength shall be performed for the gross
scantlings of the structure's elements, e.g. without deduction of corrosion allowances.

14.6.2.2 FEM model shall include modulus in the middle part of the ship's hull,
with a range required in 14.4.1.2, or entire hull of the ship.

14.6.2.3 FEM model should precisely enough represent rigidity of the structure.
Minimum requirements concerning division of the structure in finite elements
are following:
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— longitudinal stiffeners of the side plating, decks and bulkheads plating, etc., may
be modelled in a form of rods located in planes of stiffened by them plates, and
grouped by several pieces;

— girders' webs may be divided into finite elements in such a way, that at the
height of the web there is only one finite element;

— girders' face plates may be modelled by rod elements;

— side plating may, in general, be divided into finite elements in such a way, that
there is only one row of finite elements between neighbouring girders;

— cuts in girders, through which plating stiffenings pass, and other small cut-outs
and holes can be neglected in division of the structures into the finite elements;

— communication holes in the girders shall be considered; in regions, where such
openings are located, application substitute thicknesses in FEM model is per-
mitted, provided that the value of cross section of the web with hole is pre-
served.

Note: in the case of structure considered by PRS as non-typical, application of more precise FEM
model may be required.

14.6.2.4 Membrane or shell finite elements shall comply with the requirements
of 14.4.2.5.

14.6.3 Loadsand Boundary Conditions

14.6.3.1 Loads shall be applied to the FEM model in the most realistic mode, i.e.
in the form of water pressure from the outside, the pressure of liquid stocks, and
the pressures on the foundations from the elements of equipment.

14.6.3.2  After consultation with PRS, in the case of analysis of general bending
or torsion of the hull, resultant load in particular frame sections may be imposed to
the sides and bulkheads in a form of continuous load (along the ship).

14.6.3.3 As far as practicable, application of pillars in the terminal transverse
sections of FEM model (at the end of the hull module) — in order to balance the
internal forces in these sections of the hull, shall be avoided.

Self-balanced loads shall be applied to the FEM model. So loaded model shall
be supported by springs in vertical, transverse and longitudinal direction (by apply-
ing possibly minimum number of the springs) in order to eliminate unavoidable
existing lack of balance (mistakes in rounded off results)

The springs shall be placed in nodes laying on the intersections of the side shell
or longitudinal bulkheads with the transverse bulkheads.

14.6.3.4 When applying FEM model of the hull module, normal and tangential
stresses corresponding to bending moments and forces shearing the hull, shall be
applied in the end cross-sections, in a manner resulting from the theory of thin-
walled beams bending.
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Application of constraints, forcing the flatness of the final sections of the mod-
ule (FEM model), and imposing there bending moments in the form of pairs of
forces (concentrated forces imposed to the model nodes in PS), is permitted.

14.6.3.5 In the case of symmetrical hulls, application of FEM model including
the hull structure on one side of plane of symmetry, is permitted. \.

In the case of general bending analysis, boundary conditions defined in 14.4.4.1
shall be applied in the vertical plane.

14.6.4 Permissible Stresses

14.6.4.1 Values of permissible stresses are given in 15.2.11 15.12.2 (o for general
bending in vertical plane and simultaneous bending in vertical and horizontal plane)
and in 15.11 (z for bending in vertical plane).

14.6.4.2 In the places of the stresses concentration, values of the stresses calcu-
lated by the computer programme may, in general, exceed values determined in
14.6.4.1.

Such situations are subject of separate PRS consideration in each particular case.
14.6.5 Report on FEM Calculations

14.6.5.1 Report on FEM calculation, in a scope identical to that determined in
14.4.5. is required.

14.7 Assessment of the Local Strength on the Basis of Membrane, Shell
and Rod Finite Elements

14.7.1 Application

For the strength assessment of the being bent plating stiffeners and their brack-
ets — especially in situations, where the stresses values in the stiffeners are signifi-
cantly affected by deflection of girders supporting stiffeners, calculations of local
strength with application of specially developed FEM models, may be required.

Such calculations may also be required for checking the strength of machinery,
equipment and armament foundations, as well as the hull structure in areas of vari-
ous cuttings, communication holes in plating, etc.

14.7.2 Requirementsfor FEM Models

14.7.2.1 Division into finite elements shall comply with the following require-

ments:

— at the height of stiffener web, at least 3 membrane or shell elements shall be
applied,;

— face plates of symmetrical stiffeners may be modelled with application of 2-
node rod elements;
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— face plates of non-symmetrical stiffeners and their brackets shall be modelled
with application of membrane or shell elements with size close to the size of
elements applied in region of webs;

— when modelling plating with openings (e.g. communication) length of finite
elements sides in direct vicinity of the opening shall not be greater that 200 mm;

— shape and dimensional proportions of the finite elements sides shall comply
with the requirements of 14.4.2.5;

— rapid change of finite elements sides' dimensions in, so called, transition zones
— from elements of relatively small dimensions to elements of much bigger size,
shall be avoided.

14.7.3 Assessment of the Stiffeners Strength with Application of FEM
model to Zone Strength Calculations

14.7.3.1 In order to assess the level of aggregated normal stresses in the plating
stiffeners from bending of girders and local bending of stiffeners, FEM model in
the region of stiffener shall meet the requirements of sub-chapter 14.7.2.
Otherwise, a separate calculations of stresses from the local bending, which
should be added to the stresses from the girders bending, shall be performed. For
the stiffeners locally bent, a model of the bent beam may, in general, be applied.

14.7.4 Load and Boundary Conditions
14.74.1 For loads modelling, principles determined in 14.4.3 shall be applied.

14.7.4.2 Boundary conditions shall be determined in the form of shifts' assigned
values on the edge of the model, which result from FEM analysis of the zone
strength — acc. 14.4.

14.75 Permissible stresses

14.75.1 Levels of the stresses determined in effect of FEM model solution,
complying with the requirements of sub-chapter 14.7.2, shall be assessed.

In region of notches, stresses, subject to assessment, shall be determined by ex-
trapolation method — on the basis of values in two centres, the closest to the notch,
finite elements (Fig. 14.7.5.1).
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Fig. 14.7.5.1 Principle of stresses values extrapolation
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14752 1In the case of longitudinal plating's stiffeners, transferring normal
stresses from the hull general bending or torsion, as well as stresses from the zone
bending and local bending, level of summary stresses shall be assessed.

Stresses from static loads and stresses from the wave loads, exceeded with the
probability 10, shall be directly summarized (considering their signs). It means,
that for calculations in the case of general bending 0.59 value of the bending mo-
ment M,, determined in 15.5 is assumed, and the wave load, for zone and local
bending analysis shall be assumed in accordance with 17.6.

14.7.5.3 The values of permissible stresses in the face plates of plating stiffeners
are following:
— normal stresses the from local bending: o= 160k, [MPa];
— summary normal stresses from the local and zone bending: o= 180k, [MPa];
— summary normal stresses from the general, local and zone bending: o = 225k,
[MPa].
Mean values of the tangent stresses in the stiffeners webs shall not be greater
than 90k, [MPa].

Note: the above stresses values are applicable for in-port conditions (loading operations), where zero
value of the wave loads may be assumed.

14.7.5.4 Checking of the stiffeners' brackets strength consists in assessment of
the normal stresses level along free edges of the bracket, in the middle of its length.

Permissible value of these stresses, with consideration of stiffeners local and
zone bending, is 180k, [MPa]. The brackets fulfilling the above criterion need not
be checked for loads including general bending or torsion of the hull.

Note: due to criterion of fatigue life (see Chapter 16), checking of the stresses level in the region of
the brackets ends may be required.

14.7.55 Values of stresses determined by FEM in the area of the notches, other
than stiffeners' brackets, shall be separately considered by PRS in each particular
case.

1476 Report on FEM Calculations

14.7.6.1 Report on FEM calculations, in a scope identical, as determined in 14.4.5,
is required.
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15 LONGITUDINAL STRENGTH
151 General
15.1.1 Application

15.1.1.1 The final scantlings of longitudinal hull structure members, which are to
comply with the requirements of local strength (Chapter 13) and zone strength
(Chapter 14) of the hull structure are also to comply with the requirements of hull
girder bending and shear strength given in the present Chapter. These requirements
apply to steel ships intended for navigation in unrestricted area. Ships having one
or more features given below are subject to special consideration by PRS:

— main dimensions ratios: Lo/ B <5, B/H> 2.5,

— block coefficient 5< 0.6,

— non-typical design of the ship.

15.1.1.2 The values of the wave bending moments and shear forces applied in
the present Part of the Rules correspond to the values which can be exceeded with
probability equal to 10®. Values in this form are applied at determining the re-
quired section modulus and shear cross-sectional area of the hull, as well as at
checking the buckling and ultimate strength of the hull. In other cases, where wave
hull bending stresses are combined with stresses determined on the basis of zone or
local strength analysis of the structure, the Rule values of wave bending moments
and shear forces may be reduced to the following values:

M, =059M,, , [kNm] (15.1.1.2-1)
0,, =0590, , [kN] (15.1.1.2-2)

M, — vertical wave bending moment, [KNm], determined according to 15.5;
0, — wave component of hull shear force, [kN], determined according to 15.10.

15.1.1.3 The scantlings of longitudinal members taking part in the longitudinal
strength of the hull girder are to comply with the requirements for buckling
strength given in 13.3.

15.1.1.4 For ships with high speed and large flare in forebody increasing of de-
sign values of wave bending moment and shear force by applying requirements of
15.5.5.2 and 15.10.2 may be required. The above adjustment means increasing
longitudinal strength in the hull bow part.

15.1.1.5 The longitudinal strength of relatively small ship's breadth is to comply
with the requirements of 15.12.

15.1.1.6 For ships with large deck openings, the combined effects of hull girder
bending, shear and torsion related to local bending and shear stresses may have to
be taken into account.
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15.1.1.7 Additional requirements for the scantlings of hull structural members
may be given, taking into consideration specific features of the ship regarding the
load conditions and structure.

15.1.2 Definitions

C, — wave coefficient, as given in 17.5.2.2.
I, — moment of inertia of the hull cross-section for the transverse neutral axis,
[cm®].

M; — design still water bending moment, [kNm].
M, — vertical wave bending moment, [kNm].

O, — design still water shear force, [kN].

0, — design wave shear force, [kN].

S, — first moment of area of the longitudinal structure members above or below
the horizontal neutral axis, taken about this axis, [cm”].

z, — vertical distance from the base line or strength deck line to the neutral axis
of the hull girder, whichever is relevant, [m].

r — allowable shear stress, [MPa].

o — allowable bending stress, [MPa].

15.2  Hull Section Modulus
15.2.1 The section modulus about the horizontal neutral axis, determined accord-
ing to 15.7, is not to be less than:

M +M,

o

W= -10°, [em’] (15.2.1)
— hull still water bending moment, calculated according to 15.4, [kNm];

hull wave bending moment, determined according to 15.5, [kNm];

175 k, [MPa], within —0.2 Lo < x <+0.2 Lo,

105 k, [MPa], within x <-0.4 Lyand x > +0.4 L,.

a9 XX
I

Between the specified regions, the value of o varies linearily. In each n case the
hull girder section modulus W is to comply with the requirements given in 15.2.2.

15.2.2 The midship section modulus related to the deck and the keel is not to be
less than:

W, = Ck L2B(6+0.7), [em’] (15.2.2)

The value of §'is not to be taken less than 0.6.
C,, — see C, according to 17.2.2, and:
— for ships with length Ly> 100 m
C,, is taken according to 17.5.2.2;
— for ships with length Ly < 100 m
C,o=5.7+0.022 L, but not less than 7.0;
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— for ships of restricted service, the coefficient C,, may be reduced:
— by 5% for service area II,
— by 15% for service area III.

The minimum value of section modulus is to be generally maintained within
—0.2 Ly £ x £+40.2 Loy. It may be, however, gradually reduced from the midship
towards fore and aft end of ship, provided the stresses due to still water and wave
bending moments do not exceed the values allowed for the middle part of the ship.

15.2.3 In slender ships it may happen that to keep the required section modulus
within the end regions of the middle part of the ship it would be necessary to in-
crease scantlings of hull longitudinal members within these regions.

In such cases PRS may accept not increased scantlings, provided the scantlings of
the members and their material groups are kept unaltered within the whole midship
body and the proper tapering of material and structural member scantlings towards
the ends of the ship is made.

15.2.4  The scantlings of longitudinal members outside amidships may be gradu-
ally reduced to the scantlings determined by the local strength for the ship ends. In
the cases given in 15.1.1 or determined by the ship structural design, special con-
sideration of the hull section modulus in other places along the ship’s length may
be required.

15.2.5 In ships without parallel middle body or with long superstructures in the
middle part, additionally direct calculations FEM of stresses due to general bend-
ing, according to principles given in 14.6, assuming M, and M,, as in 15.4 and 15.5,
may be required. Values o given in 15.2.1 shall be then considered as permissible
values for normal stresses to the ship axis.

15.3 Moment of Inertia of Hull Cross-section

The moment of inertia of ship’s hull cross-section is not to be less than:

1,=3C,LyB(5+0.7), [em']. (15.3)

154 Still Water Bending Moment

1541 The design still water bending moments are to taken as the maximum
value in each section along the ship’s length as obtained from calculation for de-
sign loading conditions. The realistic full and part load conditions, realistic
amounts of bunker and stores at departure and arrival, are to be taken into account,
including ballast and docking conditions.

15.4.2 The positive sense of bending moments and shear forces, applied in the
present Rules, are as shown in Fig. 15.4.2.
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Fig. 15.4.2 Positive sense of bending moments and shear forces
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15.4.3 For the ships with length L, > 100 m, the design still water bending mo-
ment M; amidships is to be taken as the maximum absolute value of the bending
moment according to 15.4.1 but in the midship part not less than:

M, =M, =0.065C, L; B(5+0.7), [kNm)] (15.4.3-1)
in sagging, and
M,=M,, =C,LB(0.1225-0.0155), [kNm]  (15.4.3-2)
in hogging.

If the value of block coefficient is less then 0.6, & > 0.6 is to be taken for calcu-
lations.

For ships with space arrangement giving small possibilities for variation of the
distribution of cargo and ballast, the value of M,, may be dispensed with as the
design basis for determining the scantlings of hull structural members.

15.4.4 If for stress analysis or buckling control of structural members determina-
tion of values of bending moments M, outside the middle part of the ship, is re-
quired, then these values, for each considered cross-section of the hull, with the
length Ly > 100 m, shall be determined according to 15.4.1, and the above values
are not to be less than those determined from the formula:

M. =k, M, [kNm] (15.4.4)

My —acc.to 154.3

kg = 1.0  for the midship body: —0.2 Ly <x <+ 0.2 Ly,
kgn = 0.15 for sections: x =-0.4 Lyand x =+ 0.4 L,,
kg, = 0.0 for sections: x=-0.5 Ly and x =+ 0.5 L,.

The k,,, value between the above specified areas is to be obtained by linear in-
terpolation.

1545 The minimum value of still water bending moment of the hull with the
length L, < 100 m is to be determined from the formula:

M, =M, =0006LyB(5+0.7), [KNm] (15.4.5)
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Where absolute value of still water bending moment M,;, determined as speci-
fied in 15.4.1 exceeds M,,, then M, = M, is to be taken.

The determined value of M, is applicable within —0.2 Lo<x <+0.2 L, .

Beyond this area, M, may be linearly reduced to zero at x =—0.5 L, and x = +0.5L,,.

155 Wave Bending Moment
1551 Vertical Wave Bending Moment

The design vertical wave bending moment M,, amidships within —0.1 Ly < x
< +0.15 Ly is to be taken as:

M, =M, =-011C,L; B(5+0.7), [kNm] (15.5.1-1)
for negative moment (sagging), and
M,=M,, =019C, L, BS, [kNm)] (15.5.1-2)

for positive moment (hogging).

The following values are to be taken:
o = 0.6;
C,— seel7.522.

15.5.2 Distribution of M,, along the Ship’s Length

15521 When required in connection with stress analysis or buckling control,
the wave bending moments M,,, at arbitrary positions along the ship’s length, are
not to be less than M,,, values determined from the formula:

M, =k, M,, [kNm] (15.5.2.1)

kym=1.0 within —0.1 Ly< x <+ 0.15 L, for ships with Ly> 100 m,
kym=1.0 within —0.1 Ly< x <+ 0.1 L for ships with Ly< 100 m,
kywn=0.0 1n sections x=-0.5 Lgand x =+ 0.5 L,.

The £, value is to be varied linearly between the midship and end areas (see
Fig. 15.5.2.2).

15.5.2.2 For ships with high speed or large flare in the forebody an adjusted
value of £, is to be taken in formula 15.5.2.1 within x > + 0.1 L,. The adjustment
depends on the value of parameters C, = C,, and C, = C,;, whichever of the ad-
justed values of k,,, is the greater.

c, =5 (15.5.2.2-1)
\/LO
F. -F.
¢ =GV | Tw T (15.5.2.2-2)

= +
o T, Loz,
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e

. ; C, £0.2 is to be taken;
50

Loand v —see 1.2.2 of Part A;

F,s — projected area in the horizontal plane of upper deck, including any forecas-
tle deck, in way of x >+ 0.3 Lo, [m*];

F,q — area of waterplane at draught 7' in way of x >+ 0.3 Lo, [m’];

z,a — vertical distance from the summer load waterline to deck line of the pro-
jected deck at FP, [m].

The values of k,,, coefficients adjusted for parameter C, = C,, apply to loading
conditions causing hogging or sagging still water bending moments. The values of
coefficient k,,, adjusted for C, = C, apply to loading conditions causing sagging
only.

If C;r> 0.5, the adjustment of k,,, coefficients for C,= C,, parameter is not to be
made.

The adjusted values of &, are as follows:

— forC,< ¢

k. 1s to be determined according to 15.5.2.1 (without adjustment),

for C, = ¢,

kwm =12 within —0.02 Ly <x <+ 0.15 Ly,

kv =0.0 forx=-05Ljandx=0.5L,,

— for intermediate values ¢; < C, < ¢,, and for x co-ordinate, the values of %,
coefficient are to be determined by linear interpolation;

¢; and ¢, — the limit values of C,:

¢1=0.28 ; ¢,=0.32 when C, = C,, and

¢1=0.40; ¢, =0.50 when C, = Cy.
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Fig. 15.5.2.2 Distribution of k,,,, along the ship's length
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15.6 Extent of High Strength Steel Application

15.6.1 The vertical extent of HS steel application measured from the bottom or
deck toward hull cross-section neutral axis is not to be less than that determined
from the formula:

2

Zhs R [m] (15.6.1)
k — material factor (according to 2.2.1) for the members located more than zys
from the deck or bottom (see Fig. 15.6.1);

f = seel3.1.2;
z, — see15.1.2.

steel with material
factor > k

“\ G 175 f
6« 175k /N

factor k

neutral axis

|
|
|
|
steel with material |
!
|
|
I
|
|
I

Fig. 15.6.1 Vertical extent of HS steel application

15.6.2 The longitudinal extent of HS steel application (xs) in the bottom or deck
is not to be less than that given in Fig. 15.6.2.

Fig 15.6.2a shows application of HS steel members amidships (within —0.2 Ly <
x <+40.2 Ly ) extended, without the change of material and scantlings, to the point
where their scantlings become equal to those required at that point for members
made of NS steel.

Fig 15.6.2b shows the application of HS steel members also outside amidships
reducing, within this area, the scantlings of longitudinal members according to the
requirements of present Part of the Rules. Outside the area of HS steel application,
these members are extended without the change of material and scantlings, to the
point where their scantlings become equal to those required at that point for mem-
bers made of NS steel.
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a) Minimum extent of HS steel application b) Basic extent of HS steel application
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Fig. 15.6.2 Longitudinal extent of HS steel

15.7 Geometrical Data on the Hull Cross-section as Built

15.7.1 The Section Modulus and Moment of I nertia of Hull Section

15.7.1.1 When calculating the hull cross-section moments of inertia and section
modulus, the following is to be taken into account:

the sectional area of continuous longitudinal strength members (the effect of
openings being taken into consideration according to 15.7.2);

the value of effective sectional area of longitudinal strength members between
rows of hatch openings is to be multiplied by factor 0.6 or is to be determined
on the basis of stress analysis carried out in a way agreed with PRS;
superstructures which do not form a strength deck are not to be included in the
sectional area;

deckhouses, bulwarks and non-continuous hatch side coamings are not to be
included in the sectional area.

When calculating the hull section modulus, continuous longitudinal strength

members may be taken into consideration if;

the scantlings of the cross-sectional area of the members are maintained within
-0.2 L() <x<+0.2 Lo,

outside the above-mentioned region, the reduction of the member scantlings is
gradual,

the change of strength properties of the applied steel complies with the require-
ments of 15.6.

In special cases, considering ship type, hull form and loading conditions, the

scantlings of strength members may be gradually reduced towards the ends of mid-
ship part of the ship (0.2 Lo < x < +0.2 Ly ), bearing in mind the desire not to in-
hibit the vessel’s loading flexibility.

15.7.1.2 The actual hull section modulus generally refers to the base plane and
strength deck line at side.
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For ships with continuous longitudinal hatch coamings or other continuous lon-
gitudinal strength members above the strength deck, effectively supported by lon-
gitudinal bulkheads or deep girders, the Rule section modulus is to be referred to
the line above the neutral axis at the distance determined by the formula:

z,=(z, +za)(o.9+0.2y3aj , [m] (15.7.1.2)

but not less than z,;

z, — seel15.1.2;

z, — distance from the strength deck to the member in question, [m];

V. — horizontal distance from the ship centre plane to the member in question, [m].
y. and z, co-ordinates are to be selected to obtain the greatest value of z,.

15.7.2 Determining the Influence of Openings on Effective Cross-sectional
Area of the Hull

15.7.21 When calculating the midship section modulus, openings exceeding 2.5 m
in length or 1.2 m in breadth and scallops, where scallop welding has been applied,
are to be deducted from the sectional areas of continuous longitudinal members.

15.7.2.2 Smaller openings (manholes, lightening holes), as well as ineffective
sections of cross-sectional area of longitudinal structural members need not be
deducted when calculating the cross-sectional area of these members, provided that
the sum of their breadths in one transverse section does not reduce the section
modulus at deck or bottom by more than 3%. The height of these openings in lon-
gitudinals and longitudinal girders is not to exceed 25% of the web depth (75 mm
for scallops), and the distance between single openings or groups of openings along
the stiffener (girder) is not to be less than 10 times the height of opening. The sum
of breadths of smaller openings in one transverse section of bottom or deck, equal
to 0.06 (B — Z b;) (X b; — the sum of breadth of openings), may be considered as
equivalent to the above reduction in section modulus.

Fig. 15.7.2.2
Examples of determining the influence of openings on the effective sectional area
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15.7.2.3 It is assumed that the openings which need not be deducted are arranged
approximately symmetrically about ship’s centreline and that the openings do not
cut any continuous longitudinal or girder included into the midship section area
calculations.

15.7.2.4 The cross-section area of openings subjected to deduction may be com-
pensated as a whole or in part by increased plate thickness, additional longitudinal
stiffeners or increase of sectional area of existing longitudinals or girders in way of
the opening.

Compensation is to be extended accordingly outside the opening edge. Other
compensation methods may be applied upon PRS agreement.

15.7.2.5 When calculating the total breadth of openings in one cross-section,
the openings are assumed to have longitudinal extension as shown by the shaded
areas in Fig. 15.7.2.2, inside tangents at angle 30° to each other, and symmetric
about the longitudinal axis. For instance, the total design breadth of openings
in section A-A is:

bA.A = b[ + b[[ + b[[[, and in section B-B: bB-B = bz + b[V .

15.8 Shear Strength
15.8.1 Application

15.8.1.1 For ships with the single sides, shear strength, in general bending condi-
tions, is sufficient if the side thickness is not less than determined from the formula
15.11.1.

15.8.1.2 Shear strength in general bending conditions of hulls with longitudinal
bulkheads is to be checked by determination of the sheer stresses values resulting
from force O+ Q,, (Os- from 15.9.1; Q,, from 15.10, in particular points of the hull
cross-section.

In calculations bending of thin-walled beams may be applied.

Calculated maximum value of sheer stresses shall not be greater than
7= 110k, MPa.

15.8.1.3 Checking of the shear strength in the scope required in 15.8.1.2 may be
performed within FEM analysis according to requirements given in 14.4, for the
values Q,, O,, and 7 as in 15.8.1.2.

15.9 Still Water Shear Forces
15.9.1 Loading Conditions

Still water shear forces, Q;, are to be determined at each cross-section of the
hull along the ship’s length for design loading and ballast conditions as specified in
15.4.1. For sign convention, see Fig. 15.4.2.



Longitudinal Strength 183

15.9.2 Didtribution of Shear Forcesalong the Ship’s Length

The design values of still water shear forces, determined as required in 15.9.1,
are to comply with the following requirements:

0, 2k,0,,, [kN] (15.9.2-1)

5M,
Qy =——
0

o still water bending moment — see 15.4.3 or 15.4.5, [kKNm];
= 0 for x=-0.5Lyandx=+0.5 L,
1 for —0.35Ly<x<-0.2L,,
= 0.8 for —0.1 Lo<x<+0.1 Ly,
=1 for +0.2 Lo <x<+0.35 Lo.
The k; values are varied linearly in the intermediate regions.
For ships with space arrangement giving small possibilities for variation of the
cargo and ballast distribution, the value of Q,, may be dispensed with as the design
basis for determining the scantlings of hull structural members.

» [kN] (15.9.2-2)

|

15.10 Wave Shear Forces

15.10.1 The design values of wave shear forces in particular cross-sections of
the hull along the ship’s length are to be determined from the following formulae:

0., =03k,C, LyB(6+0.7), [kN] (15.10.1-1)

Q,, =—03k,C,, LyB(5+0.7), [kN] (15.10.1-2)

O,y — positive wave shear force applied for hull cross-sections, for which the still
water shear force is positive;

O..» — negative wave shear force applied for hull cross-sections, for which the still
water shear force is negative.

The shear force sign is to be determined according to Fig. 15.4.2.

k, = 0 for x =-0.5 Ly and x = +0.5 Ly,

k, = 1390 for —0.3 Ly<x<-0.2 Lo,
0+0.7

kp = 0.7 for —0.1 LO <x<40.1 L(),

k, =1 for +0.2 Ly <x <+0.35 L, .

The values of k, are varied linearly in the intermediate regions (see Fig. 15.10.1).

k, = 0 for x =-0.5 Ly and x = +0.5 Ly,

k, = 0.92 for —0.3 Ly <x <-0.2 Ly,

kn = 0.7 for —0.1 LO <x<40.1 Lo,

k, = 1730 for +0.2 Ly < x <+0.35 L.
0+0.7

The values of k, are varied linearly in the intermediate regions (see Fig. 15.10.1).
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Fig. 15.10.1 Factors k, and &,

15.10.2 For ships with high speed or large flare in the forebody, the adjusted
values of k, and £k, are to be applied in formulae 15.10.1-1 and 15.10.1-2. The ad-
justment depends on the value of parameters C, = C,, and C, = C,. The adjusted
values of k, and k, may be determined by multiplying their values, determined
from 15.10.1, by the following coefficient » :
for C,<ciand C, > ¢, r=1.0 within —0.5 Ly < x < +0.5 Ly;
forc;<C,<c r=1.0 within x <+0.1 L,
r=1.2 within 0.2 Ly <x £ 0.35 L,,
r=1.0 at cross-section x = 0.5 L,
For intermediate values of C, and x, the value of 7 is to be determined by linear
interpolation.
For C,, Coy, Cop 1, c2—see 15.5.2.2.

15.11 Requirementsfor Structures Subjected to Shear Forces

15.11.1 In ships without effective longitudinal bulkheads, the thickness of the
side (sum of outer and inner side thicknesses — for double skin construction) is not
to be less than that determined from the formula:

0.5(0, + S
tz(QS—QW)—"IOZ,[mm] (15.11.1)
T 1,
where:
7 = 110 k, [MPa] unless lesser value results from the buckling strength require-
ments.

S, = static moment for the neutral axis of cross-sectional area of the effective
longitudinal members positioned between the vertical level at which the
shear stress is being calculated and the vertical extremity of effective longi-
tudinal members, taken at the section under consideration, [cm3 1,

I, = moment of inertia for the neutral axis of the cross-section area of the longi-
tudinal hull members, [cm®].

When calculating ¢, S, / I, may be taken equal to 1/90 H for the neutral axis of
the cross-section.



Longitudinal Strength 185

15.11.2 In hulls with longitudinal bulkheads, checking of the strength from
transverse forces' load according to 15.8.1.2 and 15.8.1.3 is obligatory.

15.12 Bending of the Hull in the Horizontal Plane

15.12.1 For ships with the length Ly > 100 m the hull section modulus in a mid
part of the ship for the vertical neutral axis shall not be less then modulus obtained
from the formula:

Wi, =2L3/4(T+0,3B)8, [cm’] (15.12.1)

15.12.2 Requirements of 15.2.1 need not be complied with, provided that the
following condition is fulfilled:

o, +:o2 +02, <195k, [MPa] (15.12.2)

where:

o, — stresses due to general bending moment M; determined according to 15.4,
[MPa];

o, — stresses due to general bending moment M,, determined according to 15.5,
[MPa];

o, — stresses due to general bending moment in the vertical plane M,, deter-
mined according to 15.12.3, [MPa].
The condition 15.12.2 shall be checked for the side shell at the ships bilge and
at the connection of the side with the strength deck.

15.12.3 Horizontal wave bending moment M,,;, shall be determined from the
formula:

M, =0.22L*(T +0.3B5 )(1 + cos ZL—”"J [kNm] (15.12.3)

0
x — coordinate according to Fig. A/2.3.1.

15.13 Hull Torsion
15.13.1 Application

15.13.1.1 In the case of the hulls of ships with relatively wide openings in the
strength deck, PRS may require checking of the strength and stiffness of the hull
with consideration of its torsion.

15.13.1.2 The strength analysis within the scope as in 15.13.1.1 is always required
in situation, where the hatch openings in the strength deck fulfil the conditions:

i>O.6
B

11 (15.13.1.2)
—>0.7
i

m
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where:

b — width of the hatches, measured between the outmost on each sides longitudi-
nal coamings of the hatch openings, [m];

By — breadth of the strength deck measured in the middle of the hatch length, [m];

I — length of the hatch opening, [m];

[, — longitudinal distance between centres of the transverse strakes between ha-
tches, adjacent to the considered hatch, [m].

15.13.2 AnalysisMethod and Calculation L oads

15.13.2.1 Deformations and normal stresses in area of the strength deck, for the
ship set diagonally to the wave, where below listed loads and the hull deformations
occur, shall be determined.
The values of normal stresses ¢ and the hull deformations under cumulative effect
of the following loads shall be assessed in accordance with the criteria of 15.13.4:
— general bending of the hull in a vertical plane, on still water and wave,
— general bending of the hull in a horizontal plane (on wave),
— torsion of the hull on still water and wave,
— zone bending of the deck strakes, adjacent to the sides, due to impact of over-
board water.

15.13.2.2 The calculations may, in general, be made with application of: the bent
beam model — for the hull general bending analysis, and the model of torsion of the
thin wall constrained beam — for the hull torsion analysis.

Constraint of the open part of the hull (with wide openings in the deck) by the
parts of the hull beyond the open part, shall be taken into account.

In calculations the requirements given in Publication No. 24/P —Strength
Analysis of the Container Ship Hull may be applied.

15.13.2.3 In the case of the hulls of small block coefficient value, it is recom-
mended to perform calculations by applying the recommendations for the FEM
calculation model given in 14.4. Calculation model should include the structure of
the entire hull of the ship.

15.13.3 Hull Torsional Moment

15.13.3.1 The total hull torsional moment, A, is a sum of the still water tor-
sional moment, M,, and wave torsional moment, M,,, with the value correspond-
ing to the probability of its excess equal to 10™®.

15.13.3.2 The values of M,. # 0 shall be applied only in situations, where ar-
rangement of the ballast tanks and stores, as well as cargo and magazine spaces
enable asymmetrical distribution of the ship's masses of significant values. The
values of M,.(x) shall be determined for the most unfavourable, realistic distribu-
tions of the weights.

In the ships, where the space division and complex service makes impossible to
generate significant values of M,., M,(x)= 0 may be assumed.
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15.13.3.3 Wave torsional moment, M,,, consists of two components: M, i M,
calculated from the formulae:

M,, =126K,C, BL: (e, (x) - 0.5a;(x))- 107, [kNm]  (15.3.3.3-1)
M,,, =63C,BLK a,(x)-107, [kNm] (15.3.3.3-2)
where:
K, =2xx,(1+3.6(C,, — 0.7))L£;
0
K, =10x, L ¢
L, B
x =1- 81 ;
0
x,=1-4 . ;
0
B
Xy =1-4Cy;, —;
0 WL LO
Cwi — block coefficient of the design waterline,
e — vertical distance from the torsion centre of the hull midship section, to the
point at height of 0.67 above the base plane, [m],
C, — wave coefficient, determined in accordance with 17.5.2.2,

o, (x)= sinz—nx;

x — distance from the aft perpendicular (see axis x at Fig. 15.13.3.5, [m].

15.13.3.4 In calculations of stresses and deformations in the hull, taking into
account the torsion, two distributions of the total moment twisting the ship, along
the ship's axis shall be considered:

+M w2 +M tc

M, =M,,
(15.13.3.4)
M[ :Mtwl _Mth _Mtc
Sense of M, is to be assumed in accordance with Fig. 15.13.3.5.

15.13.3.5 Positive senses of the torsional moment and remaining internal forces
are presented on Fig. 15.13.3.5.
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Neutral axis

Neutral axis

Fig. 15.13.3.5 Positive senses of the internal forces in the hull

15.13.4 Strength and Rigidity Criterion

15.13.4.1 Total stresses o

tudinal hatch coaming, calculated by the method specified in 15.13.2.2 shall
meet the conditions:

10 the strength deck and in the continuous longi-

O =0, +0, +0, +0350,+059%0o,, +0,, +0,,)+0,, <195k, [MPa]

(15.3.4.1-1)
C, =0, +0,+0, +060, +0, +0,, <175k, [MPa]
(15.3.4.1-2)
where:
o, — stresses from general bending of the hull in still water, calculated for bend-
ing moment values specified in accordance with 15.4;
o, — stresses in result of constrained torsion of the hull by the M, (see 15.13.3);
o,. — stresses in result of the deck bending in a horizontal plane in effect of reac-
tion of the cross deck structure, deformed due to deplanation of the cross
hull sections, induced by M,;
o, — stresses from the general bending of the hull by the wave moment M,, de-

termined in accordance to 15.5;
o, — stresses from the general bending of the hull by the moment M,, deter-
mined in accordance to 15.12.3;
— stresses in result of the hull tensioned bending by the moment M,, (see
15.13.3.3);

wt
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o,, — as o, but from the moment M,,;

0y, — stresses in result of the deck bending in the horizontal plane due to pres-
sures acting on the hull sides.
Note: stresses 0,. i O, include influence of the transverse cross deck structure on values of bi-

moments in the transfer hull sections.

Stresses o, shall be determined in points C, D, E presented on Fig. 15.13.4.1, for

both sides of the ship, in the following transfer sections:

— in the end parts' sections of the hull with the wide deck openings;;

— in the frame sections in the middle of the large deck openings;

— in the frame sections, in which peripheral edges of the cross deck structure are
located.

o)

Strength deck

Hatch coaming '

D /{E
PiS Side

Fig. 15.13.4.1

At determining o, , stresses components o shall be assumed with the follow-

tot >

ing signs:

— sign o, is adequate to the sign of the moment M. If in the considered case the
ship is in sagging, then o, < 0. In case of the ship hogging, o, >0;

— sign o, shall be assumed the same as signo, ;

— component M, of the torsional moment, assumed positive, has the sense con-
sistent with Fig. 15.13.3.5. Stresses o, , the sign of which results from inter-
relation between signs of M, and M,,;, shall be assumed as a stresses stretch-
ing the left side plating, and compressing the left side plating;

— at determining o,.1 o,,, M, sense, in accordance with Fig. 15.13.3.5 shall be
applied. Two distributions of M,, in accordance with 15.13.3.4, shall be taken
into account;

— signs o,.1 o, correspond directly to senses of the transfer forces in the cross
deck, which result from the assumed sense of the torsional moment A/;;

— sign o, results from analysis of the side bending under the pressure acting
from outside.

15.13.4.2 1In the case of FEM calculations in accordance with 15.13.2.3, for di-
rect determination of o, corresponding to components of the stresses in formulae
15.13.4.1-1 and -2, the proper load of the model shall be applied.



190 Hull — B Basic Requirements

In general, modelling of values M,, M,,, M,., M,,, i M,,; in a form of properly se-
lected values of the continuous load, acting in planes of sides and horizontal plane,
is permitted.

15.13.4.3 The difference in diagonals length of the hatch openings meeting con-
ditions given in 15.13.1.2, effected by the hull deformation under the influence of
the torsional moment determined in 15.13.3, shall not exceed 25 mm.

In the case of smaller openings, their permissible deformations are subject to spe-
cial consideration by PRS — taking into account the limitations arising from the hatch
covers' structure and their sealing system.

15.14 Hull Loading Control
15.14.1  Ship Loading Manual

15.14.1.1  All ships with length over 65 m shall be provided with the document
called Ship Loading Manual.

In justified cases PRS may require to develop such document for ships with
length less than 65 m.

15.14.1.2 Loading manual shall contain the following information:

— allowable local loading for the structure with the loads of stores or cargo (load
of inner bottom, decks and platforms, hatch covers, etc.);

— allowable parameters of the transported vehicles (allowable axle load and mini-
mum dimensions of the single wheel imprint, axle load and minimum width of
the vehicle track and its load in kN/m) and helicopters (maximum starting mass).

15.14.1.3 In the case of ships, where possibility exists of various distribution, in

longitudinal and transverse direction, of significant masses of stores and cargo, the

following information in Loading Manual may also be required:

— recommended typical loading conditions and permissible values of still water
bending moments, lateral loads and torsional moments (if torsion is meaningful);

— the results of calculations of bending moments, lateral loads and torsional mo-
ments, in a form of tables and diagrams;

— ship loading plan (sequence of loading/unloading from its start until permissible
full capacity) — for typical loading conditions.

15.14.2  Ship Loading I nstrument

15.14.2.1 In the case of ships with characteristics listed in 15.14.1.3, provision
the ship with loading instrument (loading calculator) may also be required. It is
a computer with a software enabling calculation of internal forces in the hull, for
given distribution of stores and cargo masses, and to compare values of this forces
with their permissible values.

For the loading calculator, operating instructions shall always be provided.

The loading calculator together with the instructions are subject of PRS approval.
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16 HULL FATIGUE STRENGTH
16.1 General

16.1.1 In the case of the hull structure made of steel with increased strength or
structure considered non-typical, PRS may require preparation and submitting for
review the analysis of fatique strength of selected nodes of the hull.

16.1.2 The fatigue strength analysis shall include the following hull structural

members:

— connections of longitudinal stiffeners of side, bottom and decks plating with
transverse frames and transverse bulkheads,

— brackets of longitudinal and transverse girders;

— the edges of openings and cut—outs in girders;

— strength deck cargo hatchway corners;

— strength deck brackets at the ends of longitudinal hatch coamings.

16.2 Method and Criteria of Fatique Life Analysis

16.2.1 Analysis of fatigue life shall be performed in accordance with the require-
ments of Publication No 45/P — Fatigue Strength Analysis of Steel Hull Structure.

Below, in 16.2.2. to 16.2.10, general principles of analysis, conforming with the
applied in the above mentioned PRS Publication, are specified.

16.2.2 In the analysis of fatigue life, variable in time (pulse) stresses in a ship's
hull structure caused by the forces of inertia from cargo, stores, equipment and
construction of ship, generated in the ship's motions on the wave by the dynamic
pressure of water, shall be taken into account.

16.2.3 Effects, on the fatigue life, of changing stresses arising from the structure
vibration imposed by the ship propulsion system, auxiliary engines, machinery and
equipment installed on the ship, as well as the stresses caused by the surge loads in
the form of slamming and sloshing, shall be subject to separate consideration by
PRS.

In the analysis of fatigue life, cycles of stress, in areas at risk of fatigue cracking,
are taken into account. The essential is the value of stresses range, Ao (Fig. 16.2.3).
corrected for the value of considered structural element plating thickness, and the
average values of stress oy, in the cycle.

Ao correction shall be performed in accordance with the requirements of the
above mentioned Publication No. 45/P.
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A __ single stress cycle

<« >

max

sr

N

Fig. 16.2.3 Definition of stresses cycle and the range of stresses

~y

16.2.4 Fatigue life analysis may be performed on the basis of nominal and geo-
metrical values of stresses range.

Nominal stresses are calculated by material strength method, with application of
rods or beams models.

Geometrical stresses are calculated by the use of FEM models, with application
of special procedure of stresses values extrapolation.

Requirements concerning FEM models and stresses extrapolation are provided
in the above mentioned Publication No. 45/P.

16.25 Dynamic loads (wave), applied for calculations of stresses mentioned in
16.2.4, shall be determined acc. to formulae provided in Chapters 15 and 17.

The above loads are applicable to ships of unrestricted service area.

Stresses range, Ao, may, in general, be calculated as doubled value of stresses
corresponding to wave loads.

It is assumed, that stresses range probability distribution is determined by We-
ibull's distribution:

Aoy ¥
Pr(Ac>Ac,)=e [ “ ) (16.2.5)
where:
Pr(Ac > Ao, ) — event probability, whilst Ao > Ao, .
¢ — non-dimensional parameter; for calculations &= 1.0 may be taken;
Aoy

TN,
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Aor — value of Ao exceeded with probability ]\}; it is recommended to adopt
R

Ng = 10* — as in Publication No. 45/P.
The way of Aoy calculations in cases, where in the structure element superposition
of stresses from general and local bending occurs, is defined in Publication No. 45/P.

16.2.6 In fatigue life analysis, adoption of the long term distribution of Ao de-
termined directly with application of the hull's wave loads spectrum analysis, as
well as statistic data concerning wave motions in sea areas foreseen for the ship's
service, is recommended.

Detailed requirements for such calculations are provided in Publication No. 45/P.

16.2.7 Fatigue life calculations shall be performed with application of Wdhler's
diagrams, specifying number of stresses cycles effecting with fatigue cracks, in
function Ao = const.

The mode of Wohler's diagrams selection for the structure elements of the ship's
welded hulls, as well as the diagrams' correction in order to take into account the
corrosive effect of sea water are provided in Publication No. 45/P.

16.2.8 The hull structure elements shall satisfy the following criterion:

D<1.0 (16.2.8)
where:
D — fatigue deterioration rate.
D — shall be calculated acc. to 16.2.9.

16.29 In D calculations, actual stresses cycles (random) finite number of
stresses blocks /, may be approximate Ac = const:

Doy (16.2.9-1)
izl N; -

1

where:

N; — number of stresses cycles determined from Wdhler's diagram for Ao; = const
(Ag; — value Ao = const in "i" block),

n; — number of stresses cycles in "i" block, determined from the formula:

n; = p(Ac;)d0,N, (16.2.9-2)
p(Ac;) — value of long term distribution probability density function A, for Ac= Ac;

oo, — width of "1i" block Ao (difference between extreme values Ao in "i" block);

N, — number of stresses cycles during planned ship service, determined acc. to
16.2.10.
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16.2.10 The number of stresses cycles during entire service of the ship shall be
determined from the formula:

N, =3-10°L,c (16.2.10)
where:
L; — planned period of the ship service, in years;
¢ — ratio of time at sea to assumed service time; for calculations ¢ > 0.5 shall be

adopted.
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17 HULL LOADS
17.1 General

17.1.1 In the present chapter, principles for estimation of values for design local
and general loads, acting on the ship's hull in wave conditions, as well as loads
from wind and ice, are provided.

Mode of design loads on decks and bulkheads estimation is also provided.

17.1.2 The hull dynamic design loads, resultant from waves motion, may be
determined by use of parametric formulae provided in 17.5 1 17.6, or by direct cal-
culations, in accordance with principles provided in 17.2.

17.2 Wave Motions
17.2.1 Genera

17.2.1.1 In the case of ships with typical dimensional proportions and the hull
shape (L,/B>5, B/H <25, 620.6), the design loads for ships of unrestricted

service area, resulting from wave motions, shall be determined from formulae
given in 17.5 and 17.6.

17.2.1.2 In the case of restricted service area, the loads determined in accordance
with the requirement of 17.2.1.1 may be decreased in the following mode:

— for service area Il by 10%,

— for service area III by 30%.

17.2.1.3 In the case of ships with dimensional proportions and other features
recognized by PRS as non-typical, the direct calculations of the dynamic loads are
required — in accordance with the principles of 17.2.2, or model tests — in accor-
dance with principles of 17.2.3.

In the case of the ships of restricted service areas determined loads are subject
of reduction — acc. to the requirements provided in 17.2.1.2, or direct calculations
for actual waves motion in the restricted service shall be performed.

17.2.2 Direct Loads Calculations

17.2.2.1 Direct loads calculation is required in situations defined in 17.2.1.3, but
it can also be applied for determination of dynamic design loads of the hull, associ-
ated with sailing of the ship on waves — in the place of the loads determined acc. to
formulae provided in 17.5.2117.5.3.

17.2.2.2 1t is recommended to perform calculations acc. to algorithm presented
in 17.2.2.4t0 17.2.2.10.
Alternative methods of calculations shall be separately considered by PRS.
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17.2.2.3 Report on calculations containing following information shall be
submitted to PRS:
— description of applied calculation method and computer programmes;
— calculations input data, including description of wave conditions, applied
course angles and the ship's speed, the ship's weights distribution, etc.;
— comprehensive extract of the calculations results.

17.2.2.4 Direct calculations of the ship's hull response to wave motions may be

performed by applying linear model and spectral analysis.

Such calculations include following stages:

a) determination of amplitudes transfer function of the ship response to the
regular wave — e.g. the hull bending moment in the vertical plane, water pres-
sure at any point of plating, etc. (17.2.2.5);

b) accomplishing short-term forecast for momentary extreme values of the
response to the irregular wave (17.2.2.6 to 17.2.2.8);

c) accomplishing long-term forecast (17.2.2.9 and 17.2.2.10).

17.2.25 Calculations of amplitudes transfer function (see 17.2.2.4) consist in
solving linear differential equations of motions of the ship with non-deformable
hull, of unitary height wave, using the theory of potential flow of ideal fluids, and
computer programs approved by PRS.

Amplitudes of the hull accelerations, dynamic pressures from water (from out-
side), internal forces in the hull, etc. are determined.

Calculations shall be performed for a number of circular wave frequency, o,

in the range from 0.5 [ri—d] to 3.0['@—,"], for the ship's course angles u in relation to
the direction of variable waves, in steps not greater than 30° (x=0°, 30°, ..., 330°).

Note: m = 180°, when the ship moves in a di-rection opposite to the direction of the wave, perpen-
dicularly to the wave crests.

For calculations, service speed shall be assumed.

17.2.2.6  Short-term forecast consists in the analysis of hull's response to deter-
mined irregular wave motion (actual), described by spectral density function.

Spectral density function of the hull response to waves motion (17.2.2.7), and
then probability distribution of the momentary extreme values of response
(17.2.2.8), used for accomplishment of the long-term forecast (17.2.2.9 and
17.2.2.10).

For the ships of unrestricted service area, the waves motion spectral density
function shall be determined in the form of formula (for the North Atlantic region):

S(a),,u,H T)

2 1724 [
X

i - 64914}0## (17.2.2.6)
1

I'w

where:
S — waves motion spectral density function,
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@ — circular wave frequency, [rad/s],

41 — course angle (see 17.2.2.5), [degrees],

H, — wave significant height, [m], (expected value of the waves heights of the
accessible irregular waves motion, whose values are not less than the wave
height exceeded with the probability of 1/3),

Ty — characteristic wave period, [s].

For the ships intended for service in specific waters, the S value shall be deter-
mined on the basis of available literature data.

17.2.2.7 Spectral density function S, of the hull response to waves motion shall
be determined from the formula:
SO(wEaluaHsvT)l =| Y((UE,/I) ‘2 S((O,/U,HS,Tl) (17227_1)

where: @ — meeting frequency calculated from the formula:

@, =a)1—@cos,u , [rad/s] (17.2.2.7-2)

— speed of ship, [m/s],

= 9.81 —acceleration of gravity, [m/s’],
— the ship course angle (see 17.2.2.5),
., H,, T\ —see 17.2.2.6.

Y g <

17.2.2.8 Probability of the event, that in the wave motion conditions specified by
pa-rameters Hs and T, (see 17.2.2.6), and at the ship's course angle « in relation to
the direction the waves, the response parameter « (acceleration, dynamic pressure,
etc.) exceeds the level of o is defined by Rayleigh's distribution:

2
Pr(a > a, )= exp| — 2 (17.2.2.8-1)
2m,
where:
my=[Sy(wg, u,H, T )do, (17.2.2.8-2)
0
So, g, Hy, Ty —see 17.2.2.7.

17.2.29 The long-term prediction shall be performed to determine the probabil-
ity of an event Pr(a > o, )that, during the entire service life of the ship (30 con-
tinuous years at sea), the response parameter o exceeds o level.

Pr(a > o) may be determined from the following, approximate formula:

Ny Np Ni (1(2)
Pr(aza,) =2 > > exp| — 5 P, P, (17.2.2.9)

i=1 j=lk=1 my

where:
Ny — number of considered values of the significant waves height, H,
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Nr — number of considered values of characteristic wave period, 77,

Ny — number of considered values of the ship's course angles in relation to
waves direction,

P; — probability of occurrence of wave motion conditions determined by value
H,; of significant wave height, and value 7); of characteristic period,

P, — probability of course angle x4 occurrence.

Notes:

1) Tt shall be assumed that the ship is submerged to the level of the design draft, and all angles of
course angles in relation to the waves direction are equally probable, e.g. P, = 1/N;..

2) Pj values shall be determined acc. to 17.2.2.10.

3) The formula 17.2.2.9 may be modified in a manner agreed with PRS, in order to take into account
the reaction of captain in the form of changes in the course angle or reduction of the ship's speed,
if such phenomena as slamming, excessive roll or emerging of propellers occur.

17.2.210 For the ships with unrestricted service area, in calculations acc. to
formula 17.2.2.9 it is sufficient to apply H,;, T\; and P;provided in Table 17.2.2.10.

Table17.2.2.10
Probability of various sea states occurrence
T, [s] 1,75 | 2,85 | 3,95 4,91 5,72 6,50 7,31 8,27 9,30 10,22 | 11,15 | 12,21 13,49 15,09 | 17,11 | 19,38
26

1,54E | 1,52E

22 -5 -5
8,41E | 1,54E | 4,90E

20 -6 -5 -5
5,05E [ 1,01E [ 9,31E

18 -5 -4 -5
1,05E | 2,20E | 3,49E | 9.91E

16 -4 -4 -4 -5
1,79E | 4,17E [ 9,95E | 4,21E | 1,23E

14 -4 -4 -4 -4 -4
4,29E | 8,71E | 2,12E | 1,38E | 3,10E | 1,17E

12 -4 -4 -3 -3 -4 -4
4,36E | 6,20E | 3,61E [ 1,68E | 4,97E | 1,05E

10 3 3 3 3 -4 -4
H; [m] 7,09E | 5,52E | 3,73E | 2,18E | 8,15E | 2,19E | 4,98E

9 -4 -3 -3 -3 -4 -4 -5
3,04E | 3,34E | 7,14E | 4,61E | 2,07E | 7,57E | 2,13E | 5,11E

8 -4 3 -3 3 3 -4 -4 -5
2,73E [ 9,11E | 8,55E | 4,43E [ 1,95E [ 7,00E | 2,19E | 5,11E

7 -3 -3 -3 -3 -3 -4 -4 -5
7,09E | 1,69E | 1,35E | 8,40E | 4,14E | 1,76E | 7,18E | 2,20E | 4,98E

6 -4 2 3 -3 3 3 -4 -4 -5
3,04E | 7,39E | 3,57E | 1,52E | 7,53E | 3,75E | 1,80E | 7,21E | 2,13E | 4,95E

5 -4 -3 -2 -2 -3 -3 -3 -4 -4 -5
3,04E | 6,07E | 3,64E | 3,92E | 1,55E | 7,25E | 3,84E | 1,80E | 7,00E | 2,13E | 4,72E

4 -4 -3 2 2 -2 -3 -3 -3 -4 -4 -5
3,04E | 8,81E | 4,89E | 4,32E | 3,67E | 1,44E | 7,28E | 3,75E | 1,76E | 6,83E | 1,98E | 4,60E

3 -4 3 -2 2 2 -2 3 -3 -3 -4 -4 -5
3,04E | 2,02E | 5,71E | 5,19E | 3,34E | 2,53E | 1,18E | 6,96E | 3,59E | 1,63E | 6,49E | 1,98E | 3,53E

2 -4 -2 -2 -2 -2 -2 -2 -3 -3 -3 -3 -4 -5
1,32E | 2,53E | 5,09E | 3,85E | 2,94E | 2,13E | 2,10E | 8,10E | 5,92E | 2,73E | 1,112E | 3,75E | 7,25E | 1,59E

1 -3 -2 -2 -2 -2 -2 -2 -3 -3 -3 -3 -5 -5 -5
2,02E| 2,33E | 2,10E [ 1,75E | 1,45E | 1,52E [ 9,52E [ 7,79E | 3,04E | 2,43E [ 1,27E | 5,98E [ 2,38E | 7,25E | 1,69E

0 -3 -3 -2 -2 -2 -2 -3 -3 -3 -3 -3 -4 -4 -5 -5
T, [s] 1,75 2,85 ] 3,95 4,91 5,72 6,50 7,31 8,27 9,30 | 10,22 | 11,15 | 12,21 13,49 | 15,09 | 17,11 | 19,38

The following correlation between 75 values used in the Table, and 7 values
takes effect:
T, =1.0867, (17.2.2.10)
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Values P; in the Table 17.2.2.10 determine the probability of occurrence of
various waves motion conditions in the region of the North Atlantic.

For the ships intended for service in specific waters, the P; values shall be de-
termined on the basis of available statistics.

17.2.3 Modd Tests

17.2.3.1 Model tests may be required in situations described in 17.2.1.3.
Before commencement of model tests, it is recommended to agree with PRS
their scope and manner of conduct.

17.2.3.2 Documentation on model tests shall be submitted to PRS not later than

at the time of delivery of the hull structural drawings for approval.
Following scope of documentation is required:

— data on model design and measuring equipment;

— description of the model basin and its measuring equipment;

— description of the mode for generating waves in the basin and measurement of
wave motion parameters;

— results of measurements in the form of a table or diagram, and conversion of
these results to the values relevant for the ship.

17.2.3.3 Execution of measurements of the model response to waves motion,
in the following minimum scope, is required:

type of waves motion —regular and irregular waves motion;

course angles — 180° (model moves in the opposite to the waves direction,
perpendicularly to the waves crests), 0°, 45° or 315°, 90°, 135° or 225°;

model speed — speeds corresponding to 0 (zero) speed, service speed and a half
of service speed;

angular frequencies of the waves motion — at least six frequencies
corresponding to waves lengths in the range from zero to 1.5 Ly.

17.2.3.4 Measurements of the following parameters of the ship’s model response

to waves motion, important in respect to the ship's hull strength shall be made:

— wave bending moments in vertical and horizontal planes, as well as wave tor-
sional moment (for ships with wide openings in the upper deck), for

X —0and ¥ =4025;
L

0 0
— vertical accelerations in region of midship and ship's ends;
— dynamic water pressures to the bottom and sides in the above regions;
— pressures from bottom and side slamming under typical, expected ship's drau-
ghts and speeds.
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17.3 Wind

17.3.1 Consideration of loads from wind may be necessary for determination of
impact on the ship's hull of the forces from the equipment elements, armament, etc
attached to the hull.

Design values of these loads shall be determined for the wind velocity
V=40 m/s.

17.3.2 Forces charging the individual elements attached to the hull of the ship,
due to the wind, shall be calculated from the formula:

F=0.5p,C.CyAV?, [N] (17.3.2)

where:

F — force acting on the element, [N];

pp — air density, equal to 1.222 kg/m’;

C; — non-dimensional factor depending on elements' shape; C; values for the most
common shapes are provided in Table 17.3.2-1;

Cy— non-dimensional factor depending on the height above water level; Cy val-
ues are provided in Table 17.3.2-2;

A — area of element's projection at the plane perpendicular to the wind direc-
tion, [m’];

V' — wind velocity, [m/s].

Table17.3.2-1
C; Factor Values

Shape/kind of element C
spherical 0.4
cylindrical 0.5
ropes 1.2
separated girders 1.3
small equipment elements 1.4
elevators, cranes 1.5
deckhouses 1.1

Tabela17.3.2-2
Cy Factor Values

Height above water level, [m] Cy
0-153 1.00

15.3-30.5 1.10
30.5-46.0 1.20
46.0-61.0 1.30
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174 lce

17.4.1 Ice Strengthening

Ships intended for service in sea areas, where ice cover or ice float may occur
shall have the hull adequately strengthened — in accordance with the requirements
of Chapter C/11.

17.4.2 Shiplcing

17.42.1 In relation to ships intended for periodical service in Arctic or Antarctic
areas, PRS may require, that the strength criteria provided in the present part of the
Rules, for the loads increased by the loads from expected icing of the above-water
body, with values provided in 17.4.2.2., shall be satisfied.

17.4.2.2  In the hull longitudinal strength analysis acc. to requirements of Chapter

15, local strength analysis acc. to Chapter 13 and zone strength analyzis acc. to 14,

for ships endangered by icing, loads on external surfaces of the above-water part of

the hull from ice layer, additional to the required standard loads, shall be taken into

account with the following values:

— pressure 1 kPa (ice layer of 100 mm thickness) acting on horizontal, or close to
horizontal, surfaces,

— vertical load 0.25 kN/m?” (ice layer of 25 mm thickness) acting on vertical, or
close to vertical, surfaces.

17.5 Ship Motions
1751 General

17.5.1.1 The present Chapter gives formulae for determining motions (displace-
ments, velocities and accelerations) of ships in sea-going conditions during their
normal service.

175.1.2 The ship motions determined in present Chapter are the values for
which probability of exceeding is 10™®.

17.5.2 Definitions
17521 Co-ordinate System

The co-ordinate system, as well as names of various ship motions, assumed in
this Chapter, are defined in Fig. 17.5.2.1.
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: longitudinal

transverse motion (sway)

Fig. 17.5.2.1 Definition of Co-ordinate System and Ship motions

17.5.2.2 Wave Coefficient

The wave coefficient C,,, which is the basic parameter for determining wave in-
duced hull loads and ship motions, shall be determined in accordance with the fol-
lowing formula:

C,=00792L, for Lo<100m,

3/2
C, =10.75- (MI)TLO) for 100 m < Ly <300 m, (17.5.2.2)

1753 Amplitudes of Ship Motions
17531 Heave Amplitude

The heave amplitude may be determined in accordance with the following formula:
Z,=12-01T [m] (17.5.3.1)

T — see sub-chapter 1.2.2.
17.5.3.2 Pitch Amplitude

The pitch amplitude may be determined in accordance with the following for-
mula:

T \C
O, =41-45— | d 17.5.3.2
A ( 17 JL [rad] ( )

0 0

motion (surge)
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17.5.3.3 Roll Amplitude

The roll amplitude may be determined in accordance with the following formula:

T
@, =35——— J[rad 17.5.3.3
y 7150 [rad] ( )

17.5.3.4 Surge Amplitude

The surge amplitude may be determined in accordance with the following for-
mula:

1-0.03T
X, =80 1y 17.53.4
4120036y [m] ( )

v — ship speed, [knots].
17535 Sway Amplitude

The sway amplitude may be determined in accordance with the following for-
mula:
Y, =12-025T [m]. (17.5.3.5)
17.53.6 Yaw Amplitude

The yaw amplitude may be determined in accordance with the following formula:

L
¥, = 0.25[1 - 0.008?‘)} [rad]. (17.5.3.6)

17.5.3.7 Relative Motion Amplitude

Motion amplitude of ship’s point P (x, y, z) in relation to the wave surface may
be determined in accordance with the following formula:

S, = \/(0.3ZA)2 +[(x+ o.osLo)@A]2 +[08y®,]" [m] (17.53.7)
Z4, O, @y — see sub-chapters 17.5.3.1, 17.5.3.2 and 17.5.3.3;
x,y — co-ordinates of P point — see Fig. 17.5.2.1.
1754 Resultant Acceleration Amplitudes
17541 Resultant Vertical Acceleration

The resultant linear acceleration of the ship’s point P along the vertical axis
(taking no account of gravity acceleration) shall be determined in accordance with
the following formula:

av=(1+0.036v)2?\/2j+[1.6(x+0.05L0)@A]2+[0.5yd§A]2 [m/s”] (17.5.4.1)
0

v — ship service speed, [knots];
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Z4, Oy, @, — see sub-chapters 17.5.3.1,17.5.3.2 and 17.5.3.3;
x,y — co-ordinates of P point — see Fig. 17.5.2.1.

17.5.4.2 Resultant Transverse Acceleration

The resultant linear acceleration of the ship’s point P along the transverse axis
(taking into account gravity acceleration) shall be determined in accordance with
the following formula:

a :(1+0.036v)2§\/(0.8YA)2 +H(x+005L) 7] Hz-), ] s (17.542)

v — ship service speed, [knots];
O, Y4,¥ — seesub-chapters 17.5.3.2,17.5.3.5 and 17.5.3.6;
X, z— co-ordinates of P point — see Fig. 17.5.2.1.

17.5.4.3 Resultant Longitudinal Acceleration

The resultant linear acceleration of the ship’s point P along the longitudinal axis
(taking into account gravity acceleration) shall be determined in accordance with
the following formula:

a, :(1+0.036v)2%\/(0.2XA)2 +[osy ] +[2z-1) @Ar [m/s*] (17.5.4.3)

v — ship service speed, [knots];
O, Xy, ¥ — see sub-chapters 17.5.3.2, 17.5.3.4 and 17.5.3.6;
y,z — co-ordinates of P point — see Fig. 17.5.2.1.

17.5.4.4 Resultant Acceleration in any Direction

The resultant linear acceleration of the ship’s point P in any direction may be
determined from ellipsoid (Fig. 17.5.4.4) with principal axes (a, + g), ar and a;.

a,, ar and a; —see sub-chapters 17.5.4.1, 17.5.4.2 and 17.5.4.3.

P (x,y,z) — point for which the accelerations are determined.

Fig. 17.5.4.4 Determining acceleration a of the ship’s point P in any direction
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17.6 Local Loadson Structure
17.6.1 Genera

17.6.1.1 The design load values determined according to the indications given
below are applicable for scantling of side shell plates, stiffeners, ordinary girders,
complex girders systems and a support-type members included in the individual
construction of the hull. These are design values, which may be applied only under
the ap-proach taken to requirements concept.

17.6.1.2 For determination of design loads on the structure, static and dynamic
components of the load caused by:

— 1impact of the sea (see 17.6.3, 17.6.4),

— impact of liquids in tanks (see 17.6.5),

— impact of dry cargoes, stores, equipment and armament (see 17.6.7).

are taken into account

17.6.1.3 In general, the loads from both sides may act on considered side plating
and its supporting members. They shall be determined independently and, as a design
loads, the greater values shall be taken. In particular cases, if both loads are always
acting simultaneously, their difference may be assumed as a design load.

17.6.1.4 Tanks serving for fuel or lubricating oil carriage shall be calculated for
liquid with density equal to sea water density:

p=1.025 t/m’.

17.6.1.5 Structure of tanks for the carriage of liquids with greater density are
subject to separate PRS consideration.

17.6.2 Descriptions

b, — the greatest lateral distance, measured parallel to the y axis, from the point of
the resultant load application, to the upper corner of the tank the most remote
from this point, [m];

by, — tank top width, [m];

b, — the distance, measured parallel to the y axis, between side bulkheads of the
tank, or longitudinal sloshing bulkheads, at the height of considered point of
the resultant load application, [m];

g — gravity acceleration, [m/s’]; shall be assumed g = 9.81 m/s*;

h, — vertical distance measured from the point of the resultant load application to
the tank top or the hatch coaming, [m]; for high, narrow tanks %, value may
be assumed as not greater than 15 times the smallest width (or length) of the
tank measured above the point of the load resultant application;

hg — vertical distance measured from the point of load application to the bulkhead
top, [m].

Application of lower value of &, confirmed by the ship's subdivision
analysis, is permitted;
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h, — vertical distance measured from the point of resultant load application to the
upper end of the air-pipe, [m];

hy — vertical distance measured from the waterline corresponding to the ship full
displacement to the point of resultant load application, [m];

h, — height of the tank, [m];

I, — the greatest longitudinal distance, measured parallel to x axis from the point
of the resultant load application, to the upper corner of the tank the most re-
mote from this point, [m];

Iy — length of the tank top, [m];

I, — the distance, measured parallel to x axis, between transverse tight or sloshing
bulkheads at the height of the considered structure element, [m];

po = 15 kPa, but assumed p, value shall not be less than p,, pressure;

py— pressure, at which the safety valve gets open, [kPa];

T,,— minimum service draught of the ship, [m]; T,, value shall, in general, be as-
sumed as equal to 0.357;

p — cargo, ballast or stores density, [t/m’];

P (x, y, z) — point in the ship, in which the pressure from the sea impact is deter-
mined;

p: — pressure from the sea impact in point P, i = 1,....5, [kPa].

17.6.3 The Ship Hull External Pressure

17.6.3.1 In the point P(x, y, z), pertaining to the ship's side below the design
waterline, or pertaining to the bottom, external pressure from the sea impact shall
be determined from the formula:

p,=0.5p,+10(T-z), [kPa] (17.6.3.1-1)
Pay=(140.036v)[0.7Z ,+k 0, +3|}|@ , |+ 0.02L, x [10-0.25(T—2)], [kPa]
(17.6.3.1-2)
—4(x+0.05L,) dla x<-0.05L,
= (17.6.3.1-3)
5.4(x+0.05L,) dla x>-0.05L,
1 —  service speed of the ship, [knots];
Zy, O, @;—  see 17.5.3.1t017.5.3.3;
X, ¥, Z —  point P(x, y, z) co-ordinates — see Fig. 17.5.2.1.

17.6.3.2 In point P(x, y, z), pertaining to the side at the level of unsheltered deck,
pressure from the sea impact shall be determined from the formula:

p2=0.5pa, [kPa] (17.6.3.2-1)

pas = pglSa—(z-17)], [kPa] (17.6.3.2-2)
p = 1.025t/m’

whilst it shall be assumed, that: [S;—(z—T7)] > 2;

Sy — seel7.5.3.7,

z—T — the distance between the design waterline and P point.
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17.6.3.3 Between the deck and the design waterline, the pressure shall be deter-
mined by the linear interpolation. In the end parts of the ship the pressure is deter-
mined by the formulae 17.6.3.1-1 and 17.6.3.1-2.

17.6.3.4 In the point P(x, y, z), pertaining to the unsheltered deck, the external
pressure from the sea impact shall be determined from the formula:

P3=0.5pa, [kPa] (17.6.3.4-1)

pa = 0.35p(g+0.5a,) [Si—(z—T)], [kPa] (17.6.3.4-2)

whilst it shall be assumed, that: [S;—(z — T)] > 2;
Sqand a, — see 17.5.3.7117.5.4.1;
p = 1.025t/m’.

17.6.3.5 External pressure acting on the ship's bottom and sides, which may be
deducted from internal pressures in the tanks adjacent to these structures, corre-
sponds to the ship's minimum still water service draught. Its value shall be deter-
mined from the formula:

p=pg(T,—z), [kPa] (17.6.3.5)
whilst p shall be > 0;
p = 1.025t/m’;
z — co-ordinate of the point under consideration.

17.6.4 External PressuresActing on Superstructures

17.6.4.1 Induced by the marine environment external pressures acting on unshel-
tered walls of superstructures and deckhouses (engine casings) may be determined
acc. to formulae provided in 17.6.4.2 and 17.6.4.3.

17.6.4.2 In the point P(x, y, z) pertaining to unsheltered front wall of the super-
structures or deckhouses:
Pas=3pa, [kPa] (17.6.4.2)

whilst it shall be assumed, that: [S,—(z—T)] 2> 1;
Ppaqd—see 17.6.3.4.

17.6.4.3 In the point P(x, y, z) pertaining to unsheltered side and aft walls of the
superstructures or deckhouses:
ps=0.5p,, [kPa] (17.6.4.3)

whilst it shall be assumed, that: [Sy—(z—T)] > 1;
S, — seel17.5.3.7;

z — co-ordinate of the point under consideration;
pas— see 17.6.3.2.
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17.6.5 Pressurein Emergency Cases

17.6.5.1 Design pressure for the watertight bulkhead (after compartment flood-
ing) shall be determined from the formula:

Par = pgh,, [kPa] (17.6.5.1)
p = 1.025t/m’;

17.6.5.2 Design pressure for inner bottom after flooding of the double bottom
shall not be assumed less than the pressure determined from the formula:
pr=pgT , [kPa] (17.6.5.2)
p = 1.025t/m’;
This pressure is also a minimum pressure for scantling watertight floors and
longitudinals, constituting boundaries of the double bottom tanks..

17.6.6 Liquid Pressurein Tanks

17.6.6.1 General

If the tanks designated for carriage of liquids may be full or empty, then design
pressures acting on particular structures bordering these tanks shall be determined
acc. to 17.6.6.2. Tanks bordering structures are: inner and outer bottom structures,
sides, bilge, decks, platforms, tight walls (bulkheads) of the tanks in any spatial
location. These structures may constitute common divisions of two adjacent tanks,
and in such case they shall be considered as a separate border of each tank.

17.6.6.2 Liquid Pressurein Fully Filled Tanks

As a design pressures for structures bordering full filled tanks, the greatest pres-
sure from ps+ p;9, determined from the following formulae shall be assumed:

pe=(g+0.5a,)ph,, [kPa] (17.6.6.2-1)
py=0.67pgh,, [kPa] (17.6.6.2-2)
ps = gph, + py, [kPa] (17.6.6.2-3)

Do =gp [0.67 (h, + ©,1,) - 0.12 hZZS@A] , [kPa] (17.6.6.2-4)

P =8P [O.67(ha+<DAba)—0.121/hzbscDA] , [kPa] (17.6.6.2-5)

a, — acc.to 17.5.4.1;
@,— acc.to 17.5.3.3;
®,— acc.to 17.5.3.2.

Formulae 17.6.6.2-4 1 17.6.6.2-5 shall be taken into account at scantling struc-
tures bordering cargo tanks, tanks for stores and ballast tanks, if the tank length
exceeds 0.15L,, or the greatest tank width exceeds 0.4B.
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17.6.6.3 Liquid Pressurein Partially Filled Tanks

If the tanks, during the voyage, may be filled partially, in range of 20 to 90% of
their height, then the design pressure (for tanks with parameters /, < 0.13 L, and
b, < 0.56B) shall be determined as the greater from the values of the pressure de-
termined for the tank fully filled, acc. to 17.6.6.2, and, respectively, the value not
less than determined from the formulae:

— for the structure elements located less than 0.25/, from the tank transverse end
bulkheads:

p,,=p(4-0.005L,)!

— for the structure elements located less than 0.25/, from the tank longitudinal
bulkheads:

[kPa] (17.6.6.3-1)

zo

P,=p(3-0.01B)b., [kPa] (17.6.6.3-2)

For the tanks with parameters /,> 0.13 L, or b, > 0.56 B values of pressures py;
or p, are subject of separate PRS consideration. In relation to ships with length
50 m < Ly < 100 m, separate consideration by PRS is provided in case of pressure
p11, when 1> 0.2 L.

z

17.6.6.4 Design pressure value assumed for girders' webs in cargo tanks, storage
tanks and ballast tanks shall not be less than 20 kPa.

17.6.6.5 Design pressure of transverse and longitudinal sloshing bulkheads shall
not be less than the pressure determined from the formulae 17.6.6.3-1 and 17.6.6.3-2.

17.6.6.6  Structures of sides, decks, longitudinal and transverse bulkheads which
constitute tank boundaries are subject to checking the impact of the pressure py;, in
the ships with the length of ;> 50 m and also the impact of the pressure pi,, in the
ships with the length Ly > 100 m, in the given region, if such checking is required
in the considered case.

17.6.7 Loadsfrom Cargo, Storesand Equipment

17.6.7.1 Pressure acting on the ship's decks and bottom in cargo or storage com-
partments, originated from general cargo, stores or equipment shall be determined
from the formula:

P =(g+0.5a,)q, [kPa] (17.6.7.1)
where:
a, — acc.to 17.5.4.1,
g = ph — the weight of cargo or equipment, [t], related to 1 m” of the loaded sur-

face,
p — density of the cargo charging the surface of the ship's deck or bottom, [t/m’],
h — height of cargo or stores tier charging the surface of the ship's deck or bottom,

[m]. The height % shall be measured vertically from the loaded surface to the
deck above and to the upper edge of the hatch coaming within a cargo hatch.
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It is recommended that assumed p value is not less than 0.7 t/m’.
Permissible g value may also be assumed directly by the ship designer and given in
the loading manual.

17.6.7.2  For the sheltered, non-cargo decks, minimum ¢ values are following:

g=1.6tm”>— for platforms in the engine room, (lesser values may be applied if
they result from the weight of the ship's equipment elements pro-
vided for locating on the platform),

g =0.35t/m> — for the decks in the crew accommodations.

17.6.7.3 If the tare weight of the deck or platform structure exceeds 10% of the
value of q from the weight of cargo, stores or equipment, it shall be included as
a component of the load, by adequately increasing value of ¢, adopted for the
strength calculations.

17.6.7.4 If the open deck is designated for the carriage of deck cargo, then as
a design pressure value for such deck p = p, (see 17.6.3.2) or p = py3 (seel7.6.7.1)
shall be assumed, depending on that whichever is greater.

If, on the open deck, the height of loading is less than 2.3 m, summation of
loads from cargo and partial loads of sea effect may be required.

17.6.7.5 Minimum ¢ value for open cargo decks is 1.0 t/m”.

17.6.7.6  In the ships with restricted service area, p = p;3, determined acc. to for-
mula 17.6.7.1 for cargo sheltered decks, platforms in the engine room, decks in
compartments and the open deck designated for the carriage of deck cargo, may be
reduced in accordance with indications provided in 17.2.1.2.

17.6.7.7 If the lateral forces acting on the deck from the cargo need to be known
(for example for scantling determination of transverse supports of the hatch cov-
ers), they may be determined in the same way as for the calculation of the impact
of heavy pieces of cargo or equipment, e.g. acc. to 17.6.8.

17.6.8 Loadsfrom Heavy Pieces of Cargo, Equipment and Armament

Components of the forces affecting the supporting structures and the system for
lashing of heavy pieces of cargo, equipment, armament or stores shall be deter-
mined by the formulae:

— the vertical force acting alone or in combination with the longitudinal force,
determined from the formula 17.6.8-4:

P, =(g+0.5a,)M , [kN] (17.6.8-1)

— the vertical force considered together with the simultaneously acting transverse
force, determined from the formula 17.6.8-3:

P,=gM, [kN] (17.6.8-2)
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— the transverse force considered together with the simultaneously acting vertical
force, determined from the formula 17.6.8-2:

P =0.67a,M, [kN] (17.6.8-3)

— the longitudinal force considered together with the simultaneously acting verti-
cal force, determined from the formula 17.6.8-1:

P =0.67a,M, [kN] (17.6.8-4)

M — mass of the considered element, [t];

a, — vertical acceleration, [m/sz], determined acc. to 17.5.4.1;

ar — transverse acceleration, [m/sz], determined acc. to 17.5.4.2;
a; — longitudinal acceleration, [m/s*], determined acc. to 17.5.4.3.
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C ADDITIONAL REQUIREMENTSRELATED TO THE TASKS
OF THE SHIP AND SPECIAL REQUIREMENTS

18 GENERAL PRINCIPLES
18.1 General Requirements

18.1.1  Part C contains additional requirements related to combat functions of the
ship, and special requirements related to the hull ice strengthening.

18.1.2 Requirements for the ship's resistance to the action of the potential haz-
ards of combat conditions are determined by the Purchaser in the tactical-technical
requirements.
Requirements of defined ship's resistance may relate to the following issues:
— above-water explosion,
— on-water explosion,
— stroke from an underwater explosion,
— an internal explosion,
— the general vibration of the hull / whipping,
— the impact of splinters and shells of small arms
— survival of the ship in terms of significant damage to the hull,
— use of weapons of mass destruction (NBC).

18.1.3 Part C sets out how to set the loads of combat actions. Parameters of an
explosive charge and the force resulting from the operation of its own weapons
(e.g. guns, launchers) are in each case specified by the Purchaser.

The size and distribution of cargo or stocks and the load of cargo handling ap-
pliances are in each case determined by the Purchaser.

18.2 Required Documentation

18.2.1 Documentation demonstrating, how the established requirements relating
to the ship resistance against impact of specified risks, as well as PRS requirements
relating to the ship's tasks, are met, shall be submitted for PRS consideration.

Where PRS requires that direct calculations are to be made, information on
computation programme, assumptions and computation data (including loads),
calculation model and calculations results, shall be submitted.

In the case of model tests, performed for calculation verification, description of
model and applied test equipment, information on loads, mode of their distribution
and the test result shall be submitted to PRS.

18.2.2 Calculations and structural drawings, confirming that resistance require-
ments in relation to issues specified in. 1.1.2 shall be submitted.
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18.2.3 Drawings of layout and structural details, as well as assumed loads shall
be submitted for:

— structural reinforcements of the landing ships' bottom,

— helicopters landing grounds (helidecks),

— vehicle transportation decks,

— reinforcements in area of the guns and launchers foundations,

— reinforcements in area of sonar station casing,

— reinforcements in area of cargo handling appliances,

— masts,

— other specific structures depending on the ship's type.

18.2.4 Ice strengthening shall be demonstrated on the hull structural regions
drawings, where applied.

18.3 Materialsand Welding

18.3.1 The ships, which are to comply with the requirements for the resistance
against specific risks, shall comply with the following requirements relating to
application of welding consumables in appointed regions.

The requirements are applicable to plates, stiffeners, foundations, welded connec-
tions in specified below areas, unless provided otherwise.

In the case of the resistance against:

Table1.3.1

Regions of the hull, to which the above

Kind of the ship resistance provided .
requirements apply

Over water part of the hull and superstructures,

Over-water and on-water explosion
upper decks

Impact from underwater explosion The hull shell plating

Transverse and longitudinal bulkheads included

Internal explosion . .
n protective structure

Deck stringer, sheer strake, bilge plate, keel and

The hull general vibrations/whipping keel adjusting strake

18.3.2 In region —0.3L < x < 0.3L, the crack stopping strakes, made of grade E
steel, shall be applied.

Where the resistance against impact from underwater explosion is required, the
above strakes include deck stringer, sheer strake, bilge plating, keel and keel ad-
justing strake.

Where the resistance against general vibrations/whipping is required, the above
strakes include deck stringer, sheer strake, bilge plating, keel and keel adjusting
strake.

If the hull plating is entirely made of steel grade D, the range of steel grade E
application shall be separately considered by PRS.
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18.3.3 For welding of structural elements made of different grades of steel (A, B,
D, E), welding consumables appropriate for higher grade of steel shall be applied.

18.3.4 For welding of structural elements made of steel with different strength,
welding consumables appropriate for lower grade of steel may be applied.

18.3.5 Depending on the strength and the grade of steel, welding consumables,
in compliance with the requirements specified in a Table 1.3.5, shall be applied.

Tabela1l.3.5
Welding consumables

Steel Normally applied Welding consumables for welding
grade welding consumables of structures listed in. 1.3.1, 1.3.2

A 1 1
AH32 1Y 2Y
AH36 1Y 2Y
AHA40 2Y40 2Y40

B 2 2

D 2 3
DH32 2Y 3Y
DH36 2Y 3Y
DH40 3Y40 3Y40

E 3 4
EH32 3Y 4Y
EH36 3Y 4Y
EH40 4Y40 4Y40
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2 HULL RESISTANCE AGAINST DAMAGES
2.1 Genera

Limitation of the destruction zone, in effect of operation of the combat means
with assumed parameters, shall be achieved by the proper division of the hull by
transverse and longitudinal bulkheads, as well as decks of relevant strength.

To ensure general strength in damaged condition, application of longitudinal box
girders in the hull structure, located on the left and right side in the deck region, as
well as proper structure of the longitudinal bottom grid (box keel, etc.), is recom-
mended.

2.2 Optimization of the Hull Subdivision

For optimization of the hull subdivision, performance of analysis in accordance
with the guidelines contained in documents such as the NATO ANEP 43 "Ship
Combat Survivability" is recommended. Mode to improve the ship resistance to
damage shall be analysed for the emergency conditions at the following levels:

— provision of the buoyancy,
— provision of the ability to movements,
— provision of the combat abilities.
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3 REQUIREMENTSRELATING TO THE DEFENSE AGAINST
THE WEAPONSOF MASSDESTRUCTION

3.1 Genera

The effects of weapons of mass destruction (NBC) shall be prevented by creat-
ing a ship closed and autonomous zones or shelters to protect people from the con-
sequences of its impact.

Relevant requirements are specified in sub-chapter 3.3. The Purchaser may
change their scope of application depending on a type and size of the ship.

It is recommended when making decision on location of zones, and the hull
structure bounding these zones, to take into account results of analysis on the im-
provement of the hull resistance to damage (see sub-chapter 2.2).

3.2 Descriptions

For the purpose of the Chapter 3, following additional descriptions are intro-
duced:

Citadel — gas-tight region of the hull, bounded by the deck plating and walls and
decks of the superstructures, containing inside group of gas-tight zones.

The citadel is provided with independent systems necessary for creation of
a space free of threats caused by the NBC weapons.

Zone — gas-tight group of compartments inside the citadel, provided with
a part or all independent systems necessary for creation of a space free of threats
caused by the NBC weapons. It is required that each zone shall be provided with an
independent ventilation/air-condition system provided with NBC filters.

The zones boundaries shall coincide with the transverse watertight bulkheads, and
extend from the keel to the uppermost deck of the superstructure or the deckhouse.

Shelter — the separated gas-tight compartment(s) on the ship, provided with an
air-lock, special procedures point and the vent-filtering system.

Air-lock — the vestibule for entering/leaving the gas-tight compartments, in-
cluding special procedures points.

3.3 General Design Requirements for the Defense Against the Mass
Destruction Weapons

3.3.1 Separation of the citadel and its division into zones is recommended for the
relatively big ships. Necessity of the compliance with that requirement for the
given ship is determined by the Purchaser.

3.3.2 The citadel shall be divided into at least four zones, each with the length of
not more than 30 m. Total legth of two adjacent zones should not be less than
0.3L,,, but not more than 0.5L,,. The Purchaser may, however, describe other divi-
sion into zones.
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3.3.3 Each zone shall be provided with at least two air-locks, accessible from the
open deck. Passages between the zones shall also be provided with the air-locks.

3.3.4 Ventilation ducts and cases shall not pass through the bulkheads constitut-
ing zones' borders.

3.3.5 In the ships, on which zones are not applied, shelters shall be provided.

3.3.6 Compartments adequately insulated, located deep inside the hull, giving
the crew a shelter against radiation during the nuclear attack, shall be provided.
The entire essential equipment of such compartments shall be resistant to radiation
and the electro-magnetic impulse.

3.3.7 Materials applied for the ship's structure and equipment shall not emit toxic
gases and secondary radiation..

3.3.8 All compartments and the equipment outside the citadel shall be so de-
signed and sealed, that after deactivation procedures gathering of residual contami-
nation in openings, niches, etc., shall not occur.

3.3.9 Service and maintenance of the deck equipment by the personnel wearing
personal protection means shall be possible.

3.4 Regquirements Relating to Gas-tight Structures Strength

3.4.1 Gas-tight structures, irrespective of compliance with the requirements con-
tained in the Part B and the present Chapter, where applicable, shall withstand the
action of the pressure equal to double value of the difference of air pressure on
both sides of the shell plating, which may occur during the service.

3.4.2 All openings in the gas-tight structures shall be provided with the gas-tight
closing appliances with the strength equal to the strength of the structure, in which
they are placed. The closing appliances shall comply with the relevant require-
ments of the Part 11l — Hull Equipment.
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4 LOADSFROM EXPLOSIONSAND THE STRUCTURE RESPONSE

41 Genera

The present Chapter 4 applies to ships, for which the Purchaser set demands for
resistance against explosion of specified explosive charge in air, underwater and
inside the ship (sub-chapter 4.2, 4.3, 4.4), or the resistance against the impact of
splinters and shells of small arms (sub-chapter 4.5).

4.2  Air Explosion
421 Genera

4.2.1.1 Provisions of the present sub-chapter 4.2 are applicable for estimation of,
caused by the air explosion, shock wave parameters and its impact to the ship.

42.1.2 Shock wave parameters are calculated for the spherical charges, which
explosion power is defined by TNT equivalent. Radius of explosion shall be de-
termined from the formula:

r, =0.0523/G , [m] (4.2.1.2)
G — mass of TNT charge (TNT equivalent), [kg].

4.2.1.3 With respect to altitude of explosion the following explosions are distin-
guished:
.1 above-water explosion (air explosion) — when:

H>035YG, [m] (4.2.13-1)
.2 on-water explosion — when:
H<0.35YG , [m] (4.2.1.3-2)

H — explosion altitude above the sea level (terrain), [m];
G —mass of TNT charge (TNT equivalent), [kg].

4.2.2 Parameters of Shock Wave

4221 Maximum pressure of the shock wave shall be determined from the fol-
lowing formulae:

— for the above-water explosion (air explosion):
3 3 2 3 3
Ap,, =98 0.84§+2.7[\/5J +7 (%} , [kPa] (4.2.2.1-1)



Loads from Explosions and the Structure Response 219

— for the on-water explosion:
3 3 2 3 3
ap,, =98 1.06g+4.3(§j +14 [%J , [kPa] (4.2.2.1-2)

G — mass of TNT charge (TNT equivalent), [kg];
R — distance from the center of charge, [m].

4222 Endurance of the shock wave overpressure phase shall be determined
from thee formula:

7, =0.0015YGVR, [s] (4.2.2.2)

G — mass of TNT concentrated charge (TNT equivalent), [kg];
R — distance from the center of charge, [m].

4.2.2.3 Course of the overpressure in an air shock wave, in time interval <0; r+> ,
shall be determined from the formula:

Ap(6)=4p,, (1 - tJ , [kPa] 4.2.2.3)
T

.
Ap,, — maximum shock wave overpressure acc. to 4.2.2.1, [kPa];

t — time, [s];

7. — endurance of the shock wave overpressure phase acc. to formula 4.2.2.2, [s];
n =1 for A4p, <100 kPa,

=2 for 4p, >100 kPa.

4224 Pulse of the shock wave overpressure shall be determined from the formula:

— for the air explosion:

2/3
G kPas], dia 1£3]i;£16 (4.2.2.4-1)

i=0.343

— for the on-water explosion:

2/3

i=0.529

, [kPas], dla 1£—£16 (4.2.2.4-2)
G

G — mass of TNT concentrated charge (TNT equivalent), [kg];

R — distance from the center of charge, [m].
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4.2.3 Impact Load on Hull Side Shell

4231 Maximum impact pressure acting on the division (side of the ship, deck,
etc.), originated from acting perpendicularly shock wave, shall be determined from
the formula:

6Ap>

4, =24p, +——"—, [kPa] (4.2.3.1)
Ap; + 7p0
Ap,, — maximum shock wave overpressure acc. to 4.2.2.1, [kPa];
po  — static air pressure by the division, [kPa].

Maximum impact pressure acting on the division, originated from the shock
wave acting on the division under angle 0 < a < 90°, may be estimated from the
diagram on Fig. 4.2.3.1.
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Fig. 4.2.3.1 Dependence ¢, /4p = f(a) for various values 4p,,

q'm — maximum impact pressure on the division, originated from the shock wave
acting at angle «, [kPa];
Angle « of the shock wave action, e.g. acute angle between the direction of the

shock wave front movement and perpendicular to the surface of the division in the
considered point.

4.2.4 Equivalent Static Air Explosion Load on the Structure

4241 Strength of the structure may be checked for the design loads (pressures)
acting statically, equivalent to impact loads.
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4.2.4.2 Design loads for the vertical, and adjacent horizontal, uncovered frag-
ments (elements) of the ship structure, shall be determined from the formula:

Pon =ky 4, [kPa] (4.2.4.2)

ks = 1.5 — ship sides in the region of superstructure;

ks= 1.3 — ship sides outside the region of superstructure, open deck (main) adja-
cent to the superstructure at the length equal to the superstructure height
or breadth (the greater value shall be assumed), other important frag-
ments of the structure;

ks= 1.2 — vertical structures sheltering command stands and other important com-
bat stands;

ks = 1.0 — superstructures walls and other vertical fragments of the structure.

q, — maximum impact pressure on the division, originated from the shock

wave acting at angle a, determined from the diagram on Fig. 4.2.3.1.

4243 Design load for the horizontal uncovered fragments (elements) of the
structure not listed in 4.2.4.2, shall be determined from the formula:

Port =k4-4p,,, [kPa] (4.2.4.3)

ks= 1.3 — non-sheltered, and not adjacent to the superstructures, fragments of the
open (main) deck, and other important horizontal fragments of the
structure;

ks= 1.2 — horizontal structures sheltering command stands and other important
combat stands;

ks= 1.0 — superstructures' decks and other horizontal fragments of the structure;

Ap, — maximum direct shock wave overpressure determined acc. to 4.2.2.1,
[kPa].

4.25 Scantling of the Structure on the Basis of Equivalent Static L oads

4251 Thickness of the side plating, exposed to load from the air explosion
shall not be less than the thickness determined from the formula:

Pon *
t=12.9s [—=—, [mm 42.5.1
W/afRe [mm] ( )

I — length of the longer side of the plate area, [m];
s — length of the shorter side of the plate area, [m];
Pt — design pressure , [kPa], acc. to 4.2.4;

S2
a =1+(j ;
[

f — coefficient of material strengthening under momentary loads;
f=1.2 —for steel; f = 1.09 — for alluminium alloys.
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4.25.2 Plastic strength modulus for bending the stiffener with the side plating
effective flange shall not be less than modulus determined from the formula:

~1000p,,,/*b

pl
m /R,
W, — plastic strength modulus for bending the stiffener with the side plating
effective flange. The effective flange shall be determined in accordance

with principles of boundary capacity compressed plates theory.

, [em’] (4.2.5.2)

[ — span of the stiffener, [m], acc. to A/3.2.1;
b — width of the plating strake supported by the stiffener under consideretion,
[m];

Poni — design pressure acc. to 4.2.4, [kPa];

m = 12 — for the fixed-ends beam;

m=8 — for free-ends beam;

f— coefficient of material strengthening under momentary loads;
f=1.2— for steel; /= 1.09 — for alluminium alloys.

4.25.3 Girders of the superstructures and above-water part of the hull strength
shall be assessed in accordance with the requirements of Chapter B/14. Permissible
stresses increased by 30% of the values determined acc. to B/14.5.3 shall be as-
sumed. Summing zone and general bending stresses on the still water in accor-
dance with the principles of B/14.5.3.2, additionally stresses from general bending,
in a horizontal and vertical plane, originated from the air explosion shock wave
impact (p. 4.2.5.4), shall be considered.

Value of still water bending moment shall be determined acc. to B/15.4, and as
the value of the wave bending moment, 59% value determined acc. to B/15.5 shall
be assumed.

4.25.4 Stresses from general bending in horizontal and vertical plane, originated
from the air explosion shock wave impact, shall be determined. Application in
calculations the ship structure model in a form of a beam is permissible.

4.25.5 For the ship structure mass optimization, FEM calculations in accordance
with the principles defined in 4.2.6, are recommended.

426 FEM Calculations

4.2.6.1 For FEM calculations acc. to 4.2.6.2 1 4.2.6.3, elastic-plastic model of the
structure material shall be assumed.

Dynamic analysis, assuming loads in a form of momentary impact pressure,
shall be applied. For the front vertical walls uncovered fragments (elements) of the
ships structure, assumption of the fading, in a time function, the shape of impact
pressure course (see Fig. 5.5.3.2a), is recommended. Method of determination of #
shall be agreed PRS. Value of p,, shall be assumed as equal to value ¢’, (p.
4.2.3.1). Other than fading, shape of impact pressure course may be accepted by
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PRS subsequent to presentation of experimental research results, or relevant spe-
cialized literature. For the walls other than vertical front walls methodology of
determination of the fading, in a time function, the shape of impact pressure course
shall be agreed with PRS.

In elastic-plastic model of structure's material work, consideration of the mate-
rial strengthening in result of momentary activity of pressure, is recommended. It
manifests itself in increasing of yield point and decreasing of elongation, at which
material specimen cracks during tensile test.

The above dependence shall be determined on the basis of experimental re-
search or specialized literature, and presented to PRS for acceptance.

Deformations, originated in effect of shock wave impact, shall not impair integ-
rity and gas-tightness of the superstructure and hull. While complying with this
condition, plastic deformation of the side shell between stiffeners, if calculations
performed show stiffeners' resistance to buckling under the compressive stresses
from the general bending of the hull, are permissible.

4.2.6.2 Assuming momentary impact pressure action, the analysis shall be per-
formed for:

.1 shifts and stresses in a single shell plate with consideration of membrane
forces. It is recommended to adopt the model in a form of the shell strip
with a unitary width, taking into account the axial forces and fixing the
ends of the strip. Calculations shall be carried out in the range of large dis-
placements, taking into account plastic deformations. It is permissible to
extend the average area of the central plate between stiffeners amounting to
no more than 10% of relative elongation As of material used.

.2 shifts and stresses for the single stiffener with the effective flange. Fixing of
the stiffener ends, and disregard to deflection of plating between stiffeners,
shall be assumed. Stresses shall not exceed yield point R.4,, where Reg, —
yield point of the material in the impact load conditions.

4.2.6.3 Assuming momentary loads of impact pressure, analysis of shifts and
stresses in spherical segment containing walls and the uppermost continuous deck
of the superstructure within one bulkhead division, shall be made. Methodology of
the calculations and values of permissible stresses shall be assumed in accordance
with requirements of 4.2.5.3.

4.2.6.4 Stresses from the general bending in the vertical and horizontal plane,
assuming momentary impact pressure, shall be determined. Application in calcula-
tions of the ship structure model in a form of a beam is permissible. For the ships
with length of L, > 70 m, analysis of deflections and stresses in their structure,
assuming momentary impact pressure on the above-water part of the ship, applying
ship structure model as a three-D FEM model, is recommended.

4.2.6.5 FEM calculations methodology shall be agreed with PRS.

4.2.6.6 Calculations made, and their results, shall be submitted for PRS consid-
eration.
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4.3 Underwater Explosion

431 Genera

4.3.1.1 Schemeof Underwater Explosion Conduct

A

R
P4 t
impact wave Pulsation of
gas bladder
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/

R - Gas bladder radius  "“%°

t

Fig. 4.3.1.1 Pulsation of the gas bladder

When analysing effect of the underwater explosion to the ship's hull, the follow-

ing phenomenon shall be taken into account:

1)

2)

pulsation of the gas cavity. When forming, gas bladder expands until the maxi-
mum radius, at which the gas pressure reaches a minimum value substantially
below the hydrostatic pressure. Gas bladder begins to sharply decrease when its
volume. As a consequence, the pressure p inside the bladder increases, causing
that, after a short time, the gas bladder begins to expand again. This pheno-
menon is repeated several times, before the gas bladder does float to the surface
of the water (Figure 4.3.1.1).

Effect of the gas bladder pulsation is a general vibration of the hull ("whip-
ping") — see p. 4.3.8. This phenomenon is compounded when the ship's hull vi-
bration free frequency is close to the frequency of pulsation of gas bladder.
the impact of local water shock wave through the expansion of the gas bladder
formed from explosive charge detonation. The impact of local water shock
wave, while omitting the impact of the gas bladder, results in pressure pulse
propagation and formation of the hull's beam bending vibrations.

Shock wave, hitting the division, is reflected and refracted (Figure 4.3.4.1).
This phenomenon is further complicated by the fact, that the movement of the
plating, under the shock wave influence, causes a sharp drop in the pressure
wave, which leads to the phenomenon of cavitation.

Considerable velocity of the shell plate bending requires taking into account
the phenomenon in determining the pressure acting on the plate.
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The complex nature of the underwater explosion process causes, that the
analytical or numerical methods for assessing the strength of the structure are
not sufficiently certain. Great importance in enhancing the impact resistance of
the structures is the appropriate shape of the structure nodes, minimizing stress
concentration.

Certainty of results, as to the structural behaviour under the action of under-
water shock wave, can be achieved only with a test model of the hull structure's
fragments in 1:1 scale. Therefore, in the case of minehunters or combat ships,
which are required specified resistance against the underwater explosion, it is
advisable to perform tests to verify the model calculations.

In sub-chapter 4.3.3, formulae for approximate estimation of loads parame-
ters in the calculation of the ship's structure response for impact loads of under-
water ex-plosions are given.

In the case of mine-hunters and combat ships, for which the Purchaser has
required a specific resistance to underwater explosion, FEM calculations of the
ship's hull response, according to principles set out in section 4.3.4 — if model
tests referred to above have not been carried out, shall be performed.

4.3.1.2 If the gas bladder, in effect of the underwater explosion, is of such size,
that the distance of its centre from the ship's hull is less than two maximum blad-
der's radiuses, then major local destruction of the hull in result of the explosion
shall be expected.

In this case conducting local strength analysis becomes inappropriate.

4.3.2 Impact Number

4.3.2.1 The ship's structure shall be adequately resistant to underwater explo-
sions. Conventional measure of the ship's impact resistance is the impact num-
ber, determined from the formula:

u=22 (4.3.2.1)

G — mass of the concentrated TNT charge (TNT equivalent), [kg];
R — the distance from the ship's side shell to the centre of the charge (see Fig.
43.2.1):

R=\|F*+(K-T)* ,[m];

F — the distance from the ship's side shell to the explosion epicentre [m];
K — immersion depth of the charge, [m];
T — ship's draught, [m].

Values of G and R are determined by the Purchaser in TTD (tactical-technical
data).
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Fig. 4.3.2.1 The distances for impact number estimation

4.3.22 Recommended values of minimum impact number, for selected classes
and sub-classes of the ships, assuming, that the explosion of the charge takes place
on the sea bed, at 30 m depth, in a plane of midship section, under the hull in
a plane of symmetry, are presented in Table 4.3.2.2.

Table4.3.2.2
Recommended Values of Minimum I mpact Number
. Full displacement L .

Type of the ship DI Minimum impact number ©
Corvette 1000 0.32
Frigate 2500 0.34
Roadstead Minesweeper 200 0.35
Base Minesweeper 500 0.35
Sea Minesweeper 1000 0.40
Mine hunter 600 0.36
Small landing ship 500 0.20
Medium landing ship 1500 0.25
Large landing ship 2500 0.30
High-speed combat ship 250 0.25

500 0.30
High-speed cutter 100 0.20
Transport ship - 0.20
Tanker - 0.20
Rescue ship - 0.20

4.3.2.3 For underwater anti-mine vehicles and floating trawls it is required, that
the impact number is contained in the range of 0.35 to 0.40.

4.3.24 If the impact number is greater than 0.34, or the ship's L, > 50 m, and

the impact number is greater than 0.31, the hull general strength calculations, in
accordance with requirements of sub-chapter 4.3.7, shall be performed.
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4.3.3 Approximate Estimation of Underwater Shock Wave Parameters

4.3.3.1 Parameters of the underwater shock wave are calculated for the spherical
charges of TNT. Concentrated charges, such as mines, depth charges or torpedoes
are assumed as spherical, and their radius shall be determined from the formula:

r, =0.0523/G ,m (4.3.3.1)
G — mass of the concentrated TNT charge (TNT equivalent), [kg].

4.3.3.2 TNT equivalent of the charge shall be determined from the formula:
_~ 9
G=gG, E , [kg] (4.3.3.2)

G, — mass of the explosive charge, [kg];
Q, — specific energy of the explosive charge, [kl/kg];
QO - specific energy of TNT explosion, O = 4187 kJ/kg.

4.3.3.3 Parameters of the underwater shock wave

Maximum pressure of the underwater shock wave for the compressed TNT
charges shall be determined from the formula:

P = A[%ﬁj , [MPa] (4.3.3.3)

A, n — coefficients with values:
A=1397;, n=1.95 for 7ry<R<5r,

A =523; n=113 for 57, <R <10007,
A=128; n=1 for 10007, <R;
r, — radius of the spherical explosive charge acc. to 4.3.3.1, [m];
R — the distance from the centre of the charge, [m].

4334 Course of the shock wave pressure in time function presents following
relation:

t
p®)=p,e ©,[MPa] (4.3.3.4-1)
p,, — maximum pressure (wg 4.3.3.3), [MPa];
t — time, [s];
® — shock wave time-constant

— determination of the approximate value of the time-constant from the fol-
lowing formula is recommended:

©=0.14GR -107, 3] (4.3.3.4-2)
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G - mass of the concentrated TNT charge (TNT equivalent), [kg];
R —the distance from the charge centre, [m].

4.3.35 Pressure pulse of the shock wave shall be determined from the formula:

G |
i= 5.768W10* , [MPas] (4.3.3.5-1)
G - mass of the concentrated TNT charge (TNT equivalent), [kg];
R - the distance from the charge centre, [m].
In rough calculations application of the following formula is permitted:
i=p,0, [MPas] (4.3.3.5-2)
P,, — maximum pressure (acc. 4.3.3.3), [MPa];
® - time-constant of the shock wave (acc. formula 4.3.3.4-2), [s].

4.3.4 Parameters of the Underwater Shock Wave on the M edia Border

4.34.1 In simplified engineer's strength calculations assumption is made, that
the underwater shock wave hits perpendicularly motionless division (the hull
side shell).

On the border of two media, underwater shock wave, incident at angle « , re-
flexes at the angle «', and refracts at angle " (Fig. 4.3.4.1). In this respect, the
following is distinguished:

— incident wave,
— reflected wave,
— refracted wave (penetrating).

Fig.4.3.4.1 Reflection and refraction of the underwater shock wave on the media border

4.3.4.2 Course of pressure in a shock wave reflected from the motionless obsta-
cle is defined in the equation:

pn(8) =k, () p(t), [MPa] (4.3.4.2)

ki1(o) — coefficient of the shock wave reflection from the division, depending on
the incident angle, determined acc. to 4.3.4.3;
p(t) — course of pressure in the incident shock wave, determined in 4.3.3.4, [MPa).
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4.3.4.3 Coefficient of the shock wave reflection from the motionless division, at
the incident angle & = 0, shall be determined from the formula:

Z 2 Z 1
=" (4.3.4.3)
Z,+7,
Z, — acoustic resistance of the medium 1 (water), [kg/m’s] (see 4.3.4.4);
Z, — acoustic resistance of the medium 2 (division), [kg/m’s]

For a # 0 procedure of determination of 4y, value shall be agreed with PRS.

4.3.4.4 Acoustic resistance of medium shall be determined from the formula:
Z=p-C,[kg/m’s] (4.3.4.4)

p — medium density, [kg/m’];

C - medium acoustic velocity, [m/s].

Coefficient of the shock wave reflection (at incident angle @ =0), as well as
density of selected materials are presented in Table 4.3.4.4.

Table4.3.4.4
Reflection Coefficient kq;

Density Reflection coefficient
Material of medium [kg/m’] ky,
Steel 7800 0.93
Aluminium alloys 2800 0.81

4.3.45 Influence of the sea bottom on the parameters of shock wave, acting on
the hull side shell, shall be considered where the concentrated charge explodes over

the sea bottom at the distance H , complying with condition:

0<H, <G, [m] (43.4.5-1)
G — mass of the concentrated TNT charge (TNT equivalent), [kg].

Influence of the sea bottom is considered by multiplying the numeral values of
the following by the coefficient k, (determined acc. to formula 4.3.4.5-2):

.1 maximum pressure of the underwater shock wave p, , determined from

formula (4.3.3.3);
.2 underwater shock wave pressure pulse i, determined from 4.3.3.5.

Numeral value of the coefficient k, shall be determined from the formula:
0.4
e

H, — distance of the charge centre from the sea bed, [m];
G - mass of the concentrated TNT charge (TNT equivalent), [kg].

ke =14-——H, (4.3.4.5-2)
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435 Impact Load on the Hull Side Shell

4351 Phenomena of the impact load on the hull side shell occur on the borders
of three media:

— medium 1 — water;

— medium 2 — material of division/side shell;

— medium 3 — the hull interior (air).

Determined from the formulae (4.3.5.2) i (4.3.5.3) velocities provide for estima-
tion of the extreme deflections and stresses in the shell. Method of calculating the
motion parameters does not include the cavitation phenomenon, happening in the
water — shell boundary layer.

4.3.5.2 The side shell velocity under effect of impact load is described by the
following dependence:

. t t
v(t) :(“k“)’loé[e@ —e/;} [m/s] (4.3.5.2)
p(f=1)
t — time, [s];
k,, — coefficient of the reflection on the water — shell border, acc. to 4.3.4.3;
i — the shock wave pressure pulse, acc. 4.3.3.5, [MPas];
® — the shock wave time-constant, acc. to formula (4.3.3.4-2), [s];
p, — surface density of the division mass:
p,=pd , [kg/m’]
p — division's material density, [kg/m’];
d - division thickness, [m];
p= ﬂl + ﬂ3 >
B =2, g >
op
Z, — acoustic resistance of the medium 1 (water), acc. to formula (4.3.4.4),
[kg/m’s];
By =2, g;
Py
Z , — acoustic resistance of the medium 3 (air), acc. to fromula (4.3.4.4),
[kg/m’s];

4353 Maximum velocity of the division shall be determined from the formula:

1 s
T+k)i10°[ =5 551 i10°
:Hnﬁ[el—ﬁ_el—ﬂJg”O , [ms] (4353)

vﬂ’l
ps(B-1)
k,,,i,B,p,,e —asin4.3.5.2.
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4354 The time of occurrence of the maximum velocity of the division shall be
determined from the formula:

{ =——L2 s (4.3.5.4)

O, —asin4.3.5.2.
4355 The maximum velocity of the impact loaded side shell shall be deter-
mined from the formula:
1+k
a = RSY

. P, 10°, [m/s”] (4.3.5.5)
P

k,,,p, — asin4.3.5.2;
P — the maximum pressure (acc. 4.3.3.3), [MPa].

4.35.6 The mean acceleration of the impact loaded side shell shall be deter-
mined from the formula:

a, =", [m/s’] (4.3.5.6)
tlﬂ
v, — the maximum velocity of the division, acc. to formula (4.3.5.3), [m/sz];
t,, — time of occurrence of the maximum velocity of the division, acc. to formula

(4.3.5.4), [s].
436 FEM Calculations

4.3.6.1 In the calculations mentioned in 4.3.6.3 and 4.3.6.4 elasticplastic model
of the structure material shall be applied. Dynamic analysis shall be applied, as-
suming the load in the form of short-term operating pressure. Calculation meth-
odology specified in p. 4.3.6.3 takes into account the phenomenon of cavitation ac-
companying the rapid movement of the plating.

4.3.6.2 When assessing the response of the structure, it can be considered per-
missible, that the medium elongation of the surface of the middle plate between the
stiffeners amounts to no more than 10% relative elongation A5 of the material ap-
plied, measured in the tensile test.

Stresses in stiffeners shall comply with the condition:

G<R (4.3.6.2)

edyn
Reayn — yield point of the material under the impact, [MPa];
It is recommended, that yield point of the material under the impact is deter-
mined experimentally, or on the basis on specialized literature, and submitted to
PRS for acceptance.
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Allowable normal stresses in girders, including stresses from the zone bending
and the general bending of the hull on the calm water and the waves, are equal to
the yield strength of material R,.

The value of the bending moment in still water shall be determined acc. to
B/15.4. As the value of the wave bending moment, 59 % of the value determined
acc. to B/15.5 shall be assumed.

Allowable value of reduced stresses, determined with disregard to normal
stresses from the hull general bending stresses, is equal to yield strength of the
material, R,.

4.3.6.3 Analysis of the structure response to the impact load shall be per-
formed in the following scope:

.1 Determination of the shifts and stresses for the hull structure in the area
of one bulkhead spacing under the pressure described by the formula
(4.3.6.3-1).

o_ o~ omlx )

p(x,y,2)=(1+k,, )p, e® —pCOT-lo—6 ,[MPa]  (4.3.6.3-1)

ki1 —acc. t0 4.3.4.3;

Ppm— acc. t0 4.3.3.3;

©®— acc.t04.3.3.4;

t — time, [s];

p = 1000, [kg/m’], water density;

Cy = 1450[m/s], acoustic velocity in water;

w — deflection of the side shell, measured in the direction of movement of
the shock wave from underwater explosion, [m];

(x, y) — side shell plane.

During calculations p(x, ¥, z ) = 0 shall be assumed in points, where
stresses determined from the formula (4.3.6.3.2-1) take the negative
values.

Non-shift support of the plating, stiffeners and girders on the transverse
bulkheads, sides and decks shall be assumed.

For determination of the structure deformations application of equation
of motion in a following form is recommended:

MX+DX+KX=0 (4.3.6.3-2)
M — innertia matrix;
D — damping matrix, arising as a result of the existence of constituent
containing 8w(2,ty,t) in equation (4.3.6.3-1);

K — rigidity matrix;
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O — single-column matrix of generalized forces components of a term:

—t

(l+k11 )pmeg of equation (4.3.6.3-1);

X — single column matrix of generalized accelerations;

X - single column matrix of generalized velocities;
X — single column matrix of generalized co-ordinates.

.2 Determination of shifts and stresses of the bulkhead with the initial curva-
ture of the bending neutral layer.
Calculations and their results shall be submitted to PRS for consideration.

4.3.7 General Strength and Hull Vibrations

4.3.7.1 Calculations of the hull general strength and transverse vibrations analy-
sis, with consideration of the impact load, shall be performed for the ships listed in
4.3.2.4. Impact bending moment shall be determined by the FEM method, applying
the hull model in a form of the beam, or 3-D FEM model, and the pressure defined
by the formula (4.3.3.4-1). In the case of 3-D model, it is recommended, that influ-
ence of the deflection of side shell and stiffeners to the pressure acting on the hull —
see formula (4.3.6.3-1) is taken into account.
Calculations and their results shall be submitted to PRS for consideration.

4.3.7.2 For the assessment of the ability of the hull to transfer the shock loads
caused by the non-contact underwater impact, it is recommended that the border
strength criterion defined in 4.3.7.3 is assumed.

4.3.7.3 The general hull strength shall fulfill the following criteria:

.1 For the hulls with the superstructures of aluminum alloys, included in the
hull general strength:

M,
>1.35 (4.3.7.3-1)
obl
.2 For the steel hulls, which superstructures are not included in the hull gen-
eral strength:

M,,
>1.15 (4.3.7.3-2)
obl
M, — boundary bending moment for the hull, calculated in accordance
with Annex Z1;
M, — design bending moment:
M, =M, +08M +M, (4.3.7.3-3)

M, — still water bending moment, acc. to B/15.4, [kKNm];

M, — wave bending moment, acc. to B/15.5, [kKNm];

M,; — impact bending moment caused by the non-contact underwater ex-
plosion acc. to 4.3.7.1, [kNm].
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4.3.7.4 Calculations of the boundary bending moment shall be made for:
at least one hull section in the region of midship, if the design bending moment
reaches its maximum value on the midship;

— at least two sections, if the design bending moment reaches its maximum value
outside the midship region — in this case, besides of calculation of midship
bending moment, its calculation in the region of design bending moment maxi-
mum value shall be performed.

4.3.7.5 Calculations and their results shall be submitted to PRS for consideration.
4.3.8 General Vibrationsin Effect of GasBladder Pulsation (, whipping”)

4.3.8.1 Vibration appearing in the ship's hull due to impacts on the plating,
caused by the pulsating pressure of the gas bladder formed during an underwater
explosion, can cause severe structural damage to the ship. It is recommended to
analyse the strength of the hull under whipping conditions for ships with assumed
shock number > 0.34 (see 4.3.2.1).

4.3.8.2 Simplifieed vibration analysis may be performed by comparing the hull
beam free vibrations period to the duration of the first pulse of the gas bladder T
(see Fig. 4.3.1.1):

T=2108———[s] (4.3.8.2)

G — mass of the concentrated TNT charge (TNT equivalent), [kg],
K — depth of the charge immersion during explosion, [m].

4.3.8.3 For advanced analysis of the general hull vibrations caused by the un-
derwater explosion, specialized, approved by PRS, computer programmes shall be
utilized.

4.3.84 The ship hull vibration analysis shall take into account the impact of shear
on the deformation of the hull. Water flow can be modelled using the strip method
(strip theory). The model of an ideal fluid, i.e. inviscid and in-compressible, may be
applied.

Behaviour of the gas bladder may be analysed using the ideal gas model.

The advanced version of the liquid flow calculations can be analysed by using
the boundary element method (BEM).

4.3.85 Calculations and their results shall be submitted to PRS for consideration.

4.4 Explosion Insidethe Ship

441 The essential role for the limitation of the zone of damage in a result of
explo-sion inside the ship has the strength of the bulkheads dividing the ship into
compartments. The length of the compartments shall be determined taking into
account the size of an explosive charge, exploding inside the hull, given in the
technical and tactical assumptions.
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4.4.2 Thickness of the bulkheads plating shall not be less than 4 mm.

In the case of bulkheads made of higher tensile steel, application of steel grade
D or E is recommended.

Where it is practically possible and justified, it is recommended to apply double
bulkheads, in combination with double sides, withstanding static pressure of 600 kPa.

4.43 Due to the fact, that during the explosion, welded joints of the bulkhead
and the adjacent structure break as the first, therefore the increase of the impact
resistance of welded joints by application of full penetration welding and/or use of
austenitic electrodes for fillet welding shall be aimed at.

Passages of pipelines led through the bulkheads shall be fitted with compensa-
tion elements located on both sides of the bulkhead.

Pipelines passages should be located near the edge of the bulkhead in place,
where the relative movement of the bulkhead plating are the smallest.

444 Number of equipment elements fitted on the bulkhead shall be limited to
a minimum.

445 Pipelines and accepted by PRS ducts, casings and other bulkhead passages
shall be provided with flaps, valves, and other devices preventing penetration of the
shock wave to neighbouring and further compartments.

4.5 Protection Against Splinters and Shells of Small Arms

45.1 Purchaser in each case designates compartments and location, as well as
kind of pipelines and cables requiring protection against splinters and small arms
shells.

It is recommended that in the list of protected compartments, especially impor-
tant for the ship surveillance compartments, equipment and regions, and at least:
MCP, BCI, communication, command and ship control center, as well as ammuni-
tion chambers, magazines and parks were included.

4.5.2 The above mentioned facilities shall be located inside the ship so that they
are protected by the outer skin of the hull and longitudinal bulkhead or appropriate
ballistic shields inside the ship. It is recommended that the longitudinal bulk-
head/shield is located, as far as possible, at least 1 m from the plating of the exter-
nal shell.

Thickness of the longitudinal bulkhead plating and/or application of armour or
other shielding/ballistic materials (e.g. kevlar) shall be established in accordance
with tactical-technical requirements and principles of ballistic shields selection.
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5 LOADSFROM ARMAMENT AND THE STRUCTURE RESPONSE
51 Genera

In the present Chapter requirements relating to the hull structure loads from
armament during firing guns and taking off missiles are specified.

5.2 ThelLoadsfrom the Guns Recoil

5.2.1 Recoil force shall be determined on the basis of technical documentation
provided by the manufacturer.

5.2.2  Structure response to the loads acc. to 5.2.1 (deflections and stresses) shall
be determined in accordance with 5.5, depending on relation between the time of
recoil action and natural vibration period of the supporting structure.

In preliminary calculations maximum deformations and stresses in a hull struc-
ture may be determined as a static loads response amounting to 160% of maximum
value of recoil force.

Where guns are placed directly above bulkheads or the hull divisions, load in-
crease factor may be reduced from 160% to 120%.

5.2.3 Analysis of the structure response to loads from recoil shall be performed
for many actual angles of barrel shot settings, against the ship's plane of symmetry
(PS) and the base plane (BP).

The values of angles 0 °, £45 °, + 90 °, + 135 and 180 to the PS shall always be
taken into account, as well as the minimum and maximum angle of the barrel axis
against the base plane and angle equal to the arithmetic mean of these two values.

5.3 Loadsfrom Shot Impact Wave

5.3.1 During the shooting a short blast is generated in a form of pressure im-
posed on the construction of the hull (deck) near the muzzle. Value of this pressure,
as a function of distance from the muzzle and the angle between the line of the
barrel axis and the radius connecting the barrel end with the point, where the pres-
sure is defined (see Fig. 5.3.3) and the value of pressure as a function of time are
usually given in the technical documentation of armaments, delivered by the manu-
facturer.

Strength calculations of the structure imposed to the above pressure consist in
application of substitute static pressure, with values determined from 5.5.

5.3.2 In the case of quick-firing cannons (30 rounds per minute and more) there
is a danger of generating excessive vibration of the hull structure. Such situations
are in each case separately considered by PRS.
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5.3.3 In the case where the pressure parameters described in 5.3.1 are unknown,
substitute static pressure p, may be determined from the formula:

3/2
p.=2(1+ cosa)(dJ -10°, [kPa] (5.3.3)
r

where:

a — an angle between cannon barrel axis and point P, for which the pressure is
calculated (Fig. 5.3.3);

K;— cannon's calibre, [mm]; the above formula is valid for 80 mm < K; < 120 mm;

r — distance of P point to the barrel end, [mm] (Fig. 5.3.3).
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Fig. 5.3.3 Parameters for pressure p, calculations
54 Loadsfrom Rocket Engines

5.4.1 Static loads acting on the hull structure (e.g. deck) from the projectile's
rocket engine exhaust stream may be determined from the formula:

F sina

p.=f , [kPa] (5.4.1)

¢4 sina+tgf-cosa

where:

fa — coefficient taking into account the variation of pressure versus time; f;
may be assumed 1.5;

engine thrust force, [kN];

angle between the engine axis and the structure surface (Fig. 5.4.1); valid for
25° < a<90°;

£ — angle of the exhaust stream deviation (rys. 5.4.1); S may be assumed 3°;

A — area of the surface loaded by the exhaust stream, [m”] (Fig. 5.4.1).

R ™
I
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projectile

exhaust
stream

engine

deck

loaded surface

Fig. 5.4.1 Load from the exhaust stream

5.4.2 The deck in the area of exhaust stream impact shall be protected against
high exhaust temperature and blow of the contained in it solid particles
— e.g. by covering with adequate coating or lining, or by application of exhaust
gases guides and protective grids.

55 FEM Calculations, Substitute Static L oads and Per missible Stresses
55.1 Genera

5.5.1.1 In the sub-chapter, 5.5 principles are given for calculations of the maxi-
mum deformations and stresses in the hull structure elements under momentary,
variable in time, loads defined in 5.2, 5.3 and 5.4.

55.1.2 FEM calculations of the structure response to the loads mentioned in
5.5.1.1, in accordance with the principles defined in 5.5.2, are recommended.

Assessment of the structure response to the above loads may be performed acc.
to 5.5.3.

55.2 FEM Calculations

55.21 FEM calculations are recommended in situations, where the hull struc-
ture elements under loads of 5.5.1.1 can not be sufficiently precisely modelled in
a form of simple plate or stiffeners models, for which free vibrations frequencies
may be calculated in accordance with the formulae given in 5.5.4.

5.5.2.2 Using the FEM model of the ship hull structure elements, equations of
motion of a finite number of freedom are formulated. System of ordinary differen-
tial equations containing the coefficients of the time-dependant values (generalized
forces dependant on the structure loads) is numerically integrated in time domain.
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In result of such calculations approximate values of deflections and stresses
in the structure, in a time function, are determined. The maximum values of
stresses shall not exceed the permissible values given in 5.5.5.

5.5.3 Substitute Static Pressures

55.3.1 In the case where calculation model may be brought to simple plate
(fragments of plating) or beam (plating stiffeners together with their effective
flange), application of the concept of substitute static loads, resulting in the struc-
ture deflections and stresses values near to the parameters maximum, variable in
a time function due to variable loads, is advisable.

Substitute static pressure Py, is determined from the formula:

Po=taF

m (5.5.3.1)
where:
fs — numerical coefficient,

P, — the maximum value of the, variable in a time function, pressure.

55.3.2 Values f; for the pressures diagrams in a time function are presented on
Fig. 5.5.3.2, and those, which may constitute approximation of the actual loads, are
given in Table 5.5.3.2.

T is the period of plate or beam basic free vibrations, calculated acc. to 5.5.4.

P A P A
P pm --------------

m

t t t t

1 1 2

a) fading pressure b) triangle pressure variation

Fig. 5.5.3.2 Simplified diagrams of the pressure in a time function

Table5.5.3.2 Valuesof fq

I Triangle pressure Fadine pressure
T variation ep
1 2 3
0.1 0.31 0.30
0.2 0.61 0.60
0.3 0.88 0.85
0.4 1.10 1.05
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1 2 3
05 127 120
0.6 1.39 1.30
0.7 147 140
0.8 150 148
0.9 151 153
10 151 160
12 144 1.66
14 134 172
16 123 173
18 110 175
20 1.00 175
22 0.95 176
24 1.02 178
26 1.09 179
2.8 113 180
3.0 116 180
32 117 181
34 113 182
3.6 1.08 183
38 1.06 183
4.0 1.00 183
4.2 0.98 183
44 101 184
4.6 105 185
4.8 1.08 185
5.0 1.09 185
55 1.06 187
6.0 1.00 187

Note: Values of f; for other values of #,/T shall be determined by the linear interpolation.

554 Basic FreeVibrations Periods

554.1 Basic free vibrations of the steel rectangular plate restrained over its
whole perimeter, in contact with air, may be determined from the formula:

r=0183L. ! , [s] (5.5.4.1)

t 2 2
p J(Z) 2] soms
s /
where:

s — length of the shorter plate side, [m];
[ — length of the longer plate side, [m];
t, — thickness of the plate, [mm].
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55.4.2 The free vibrations period of the stiffener with its effective flange shall
be determined from the formula:

T=C~lz\/m(1+Elj,[s] (5.5.4.2)
EI\  1014-1°G 4
where:
s — length of the beam, [m];
m — beam mass per unit length, [kg/m];
i — moment of inertia of the transverse section, [cm”];
a — shear section area (web area), [cm®];
— formal modulus (for steel g = e/2.6);
e — Young modulus, [mpa];
¢ — coefficient of values dependant on beam ends fixing:

¢ =6.33 — for joined beam ends,
¢ =2.81 — for fixed beam ends,

¢ =4.08 — for one fixed, and other jointed ends.
555 Permissible Stresses

55.5.1 For calculations of the required plate thickness under the pressure acc. to
5.5.3.1, performed in accordance with the formula B/13.4.2.1-1, o = 160k, MPa,
shall be assumed.

FEM calculations acc. to 5.5.2 may be performed in a linear-elastic range, assum-
ing permissible normal stresses value o= 300k, MPa.

5.5.5.2 In stiffeners and girders calculations, following permissible stresses val-
ues shall be applied:

— normal stresses: o= 180k, [MPa];

— mean tangent stresses in web: 7= 110k, [MPa];

— reduced stresses: 0., = /o> + 372 =200k, [MPa].
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6 DAMAGEDHULL STRENGTH
6.1 Genera

6.1.1 Requirements of the present Chapter apply to general strength of the hull,
in general bending condition.

The requirements are supplementary to the requirements of Chapter B/15, ap-
plicable to general strength of the intact hull.

6.1.2 Conventional damage of the hull, assumed acc. to 6.2 for calculations acc.
to 6.3 may result from:

— projectile explosion inside the ship;

— underwater explosion;

— ship's bottom contact with the sea area bottom;

— collision with the floating object.

6.1.3 Applied in the damaged hull strength analysis ranges of damages, loads
and criteria shall be recorded in Loading Manual.

6.1.4 The purchaser may decide, that the hull need not to comply with the crite-
ria for damaged strength, determined in a sub-chapter 6.4.

6.2 Rangeof the Structure Damage

6.2.1 TheHull Damages from the Projectile Explosion I nside the Ship

In calculations, assumption shall be made, that due to projectile explosion total
destruction of the hull structure elements in a selected transverse section (plating,
stiffeners, girders) inside a circle of radius R (Fig. 6.2.1), took place.

The value of the radius R, which is to be taken for calculations, shall be deter-
mined by the Purchaser — on the basis of assumed projectile parameters. Location
of the circle shall be assumed in accordance with the requirements of 6.3.3.2.

~_

Fig. 6.2.1 The hull damaged region due to projectile explosion inside the ship
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6.2.2 TheHull Damagesfrom the Underwater Explosion

In calculations, assumption shall be made that, in effect of underwater explo-
sion, total destruction of the ship's hull structure elements of the bottom or sides
below the waterline (plating, stiffeners and girders in selected transverse section),
at the length /, took place.

The value of / is determined by the Purchaser on the basis of assumed mass of
the explosive load and co-ordinates of the explosion, in relation to the ship's co-
ordinates.

6.2.3 TheHull Damages dueto Collision with Floating Object

In calculations, assumption shall be made that, in effect of the collision total de-
struction of the ship's side structure elements in the following area took place:
— at the length of 5 m between neighbouring transverse bulkheads;
— at the depth of 1/5B8 (from the position of the side before damage, towards inte-
rior of the hull);
— from the waterline to the main deck level (the deck remains undamaged).

6.24 TheHull Damages dueto the Ship's Contact with the Bottom

In calculations, assumption shall be made that, in effect of the contact with the
bottom total destruction of the ship's structure elements in the following area took
place:

— at the length of 5 m in any place from the midship towards the bow of the ship;

— at the width of 2.5 m;

— at the depth of 1 m from the bottom line before damage, and for the ships with
double bottom not deeper than to the inner bottom (inner bottom remains un-
damaged).

6.3 AnalyssMethodsand Criteria
6.3.1 General

6.3.1.1 General strength of the damaged ship shall be checked for the design value
of bending moment and design value of the transverse force determined acc. to 6.3.2.

6.3.1.2 The strength associated with the bending moments from general bending
can be assessed using a simplified model assuming linear-elastic hull model — ac-
cording to 6.3.3. The results of calculations according to 6.3.3, however, are con-
servative in their nature. Accordingly, it is advisable to check the limit strength of
the damaged hull in the general bending conditions acc. to 6.3.4 (instead of the
calculations according to 6.3.3).

6.3.1.3 The strength of the hull in shear conditions shall be assessed with appli-
cation of linear — elastic hull model, acc. to 6.3.6.
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6.3.2 Design Valuesof Bending Momentsand Transver se For ces

6.3.21 Design values of bending moments M,, shall be determined from the
formula:
M,, =M, +0.8M,, [kKNm] (6.3.2.1)

where:

Mg — value of still water bending moment in considered section, [kNm], determined with
consideration of flooded watertight compartment, adequately to location of the damage
to underwater part of the hull — acc. to 6.2. water level in the flooded compartment
reaches the level of the waterline of the damaged ship. At determining m, , principles
for my calculations, given in B/15.4, shall be applied;

M, — wave bending moment, [kNm], determined acc. to B/15.15.1 for the section under
consideration.

6.3.2.2 Design values of the transverse force, O, shall be determined from the
formula:

O, =0y +0.80,,, [kN] (6.3.2.2)
where:

Oy — still water shear force, [kN], for the considered section, determined with con-
sideration of flooded watertight compartment, adequately to location of the
damage to underwater part of the hull — acc. to 6.2. Water level in the flooded
compartment reaches the level of the waterline of the damaged ship. At deter-
mining Oy, principles for O, calculations, acc. to B/15.9, shall be applied.

0, — wave transverse force, [kN], acting in the considered section, determined
as O, or O, acc. to B/15.10.

6.3.3 Strength Associated wit Bending Moments— Calculationsin Linear
— Elastic Range

6.3.3.1 The structure strength in regions of assumed damages located in areas of
co-ordinates x = —0.25Ly, x = 0, x = 0.25L, (approximately) shall be considered.
Depending on spatial division and the hull structure — checking the strength in
more transverse sections may be required.

6.3.3.2 The hull section moduli, with reference to the horizontal neutral axis, in
the places of assumed damages, shall be determined. The moduli values shall be
determined in accordance with B/15.7.

The longitudinal hull members (plating, stiffeners and longitudinal girders) in
damaged areas, defined in 6.2, shall be disregarded.

Location of damage areas mentioned in 6.2.1 and 6.2.2, in all realistic positions
along the hull transverse section perimeter (bottom plating, side plating, upper deck,
side walls of superstructures and deckhouses) so that at a given R or [ value they cover
the largest area of the structure, shall be considered.
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6.3.3.3 The following criterion shall be complied with:

10° M
% <0.95R, (6.3.3.3)

M,, — design moment — acc. to0 6.3.2.1, [kKNm];

W  — the damaged hull transverse section modulus, with reference to the bottom or strength
deck, [m’], calculated for the structure net scantlings;

R, — material yield point, [MPa].

Notes:

A) Criteria of the compressed plates stability in conditions of general bending with moment M,;, need
not to be complied with.

B) The longitudinal stiffeners and girders shall comply with the stability criteria given in B/13.5.3
and B/13.5.4.

6.3.4 Strength Associated with Bending M oments — Calculations
of Limit Moments

6.34.1 The structure strength shall be considered in sections determined in 6.3.3.1.

6.3.4.2 The hull limit moments, M,,, [KNm], in sections determined in 6.3.4.1,
shall be calculated.

Values of M,, shall be calculated by the method presented in Annex Z1 — for the
structure net scantlings.

The manner of accounting for the structure damaged elements, and the location
of the damaged places shall be assumed acc. to 6.3.3.2.

Alternative calculations may be made acc. to 6.3.4.4.

6.3.4.3 The following criterion shall be fulfilled:

M, < 0.9Mgr (6.3.4.3)
where:
M,, — the design bending moments determined acc. to 6.3.2.1;
M, the limit moments determined acc. to 6.3.4.2 or 6.3.4.4.

&

6.3.4.4 Calculations of M,, value may be performed with application of non-linear
FEM model of the hull structure fragment comprising damaged region. Elastic-
plastic deformations and geometrical non-linearity shall be taken into account. Such
calculations are subject of PRS separate consideration.

6.3.5 Shear Strength

6.3.5.1 The strength of the damaged hull in shear conditions shall be checked in
the transverse sections determined in 6.3.3.1, in which the side shell is damaged.



246 Hull — C Additional Requirements Related to the Tasks of the Ship ...

6.3.5.2 The following criterion shall be fulfilled:
T S0.5R, (6.3.5.2-1)

where:

Tnee — the maximum values of the tangent stresses in side plating, inner side plating or longi-
tudinal bulkheads, corresponding to shear force O, (see 6.3.2.2);
Tuae Shall be determined in accordance with thin walled rods theory, taking into account
the damage in considered section. in calculations assumption shall be made, that the
neutral axis of the hull transverse section in the place of damage remains horizontal.

In the case of hulls with a single side and without longitudinal bulkheads, the
condition determined by the formula 6.3.5.2-1 may be presented in the following,
equivalent form:

-S
10* %so.s& (6.3.5.2-2)
1.t
where:
O, — design transverse force determined acc. to 6.3.2.2, [kn];
Sy, I, — parameters determined acc. to B/15.11.1 i B/15.7, but for the transverse hull section
with the damaged side plating;

t — thickness of undamaged side plating [mm], at the level, at which the other side is

damaged.

6.3.5.3 The plating of the sides, inner sides and longitudinal bulkheads of the
hull section in a place of damage, shall fulfil stability criteria in shear conditions
for the tangent stresses determined in accordance with 6.3.5.2, given in B/13.4.3.
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7 LANDING SHIPSHULL STRENTHENING
7.1 General

7.1.1 The requirements of the present Chapter are supplementary to the require-
ments of the Chapter B/6, concerning the bottom structure. They are applicable
only to these parts of the ship's bottom, which may rest on the ground (sea bottom)
in the region of the sea coast, during the ship motion towards the shore, and after
its immobilization.

7.1.2 The requirements of the present Chapter rely on assumption, that the op-
eration of settling the ship ashore (on the beach) is always conducted in accordance
with the established procedures, assuring minimization of the impact loads in con-
ditions of the ship's bottom contact with the ground. It is also assumed, that on the
sea coast there are no rocks or stones forming the surface irregularities with heights
greater than the height of reinforcing or cushioning belts, located at the bottom of the ship.

7.1.3 When determining scantlings of the landing ship's hull structure, impact
load from the rolling breaker in the region of the sea shore, impact on the shore
ground, as well as the ramps reaction forces induced by vehicles weight, shall be
considered. The angle of inclination of the sandy seabed up to 2°, rake along the bottom of the
ship in the bow section from 0° to 2°, and the speed of landing on the shore up to 3 knots shall
be assumed.

In the case of the use of the bow and stern ramps for handling on the deep water
military floating technique vehicles, the loads arising from the entire phase of these
vehicles movement into the water, or their movement from the water to the ship,
shall be taken into account.

7.2 Bottom Plating

7.2.1 The bottom plating thickness in regions exposed to reaction of the ground
during and after settling the ship on the beach shall be determined acc. to Chapter
B/6, and then increased by 20%. Applied thickness shall not be less than 7.0 mm.

7.3 Bottom Stiffenersand Girders

7.3.1 Spacing of the stiffeners in regions exposed to reaction of the ground during
and after settling the ship on the beach shall not be greater than 500 mm. Section
modulus of these stiffeners shall be greater by at least 20% from the values deter-
mined in accordance with the requirements of Chapter B/6.

7.3.2 In the bottom area, mentioned in 7.3.1, spacing of the full floors shall not be
greater than: 1.5 m for transverse stiffening system, and 2.0 m for longitudinal stift-
ening system. From each side of the ship's plane of symmetry one more bottom side
longitudinal, than required by Chapter B/6 requirements related to the structure ele-
ments arrangement, shall be fitted.
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7.3.3 The ship's bottom girder scantling shall be determined acc. to requirements
of Chapter B/6 and B/14. The loading condition characteristic for landing ships,
where the bottom in the area defined in 7.3.1, is loaded by uniform pressure result-
ing from the ground reaction, shall be taken into account. Assumed to calculations
area of that surface shall not be greater than 50% of the total area of the ship's bot-
tom. Stresses in longitudinals due to general bending of hull resting on the ground,
shall be regarded in calculations. The loads from the weight of vehicles in their
realistic number and arrangement on the ship and on the ramps shall also be taken
into account.

7.3.4 Bottom girders and stiffeners in the area mentioned in 7.3.1 shall be welded
by continuous welding. Openings in girders' webs, in places of their connections with
the side shell stiffeners, shall be blinded, or doubling plates shall be applied there.

7.4 General Strength

741 In the case of ships with length L, >50 m, calculations of the general

strength required in Chapter B/15 shall be supplemented, taking into account load
conditions for the ship resting with the bottom on the shore, under various realistic
configurations of the ship support and loads from the ship interior, as well as ramps
reaction. Bending moments and transverse wave forces may be disregarded in cal-
culations (compare Chapter B/15), e.g. in formulae B/15.2.1 and B/15.11.1,

M, =0 and Q, =0may be assumed. The same, as in Chapter B/15, values of

the permissible stresses o and 7 shall be assumed.

7.4.2 If, in the case of the ship with length of L, > 50 m, the possibility of the
settling on the beach the ship's bottom in region —0.2L, <x<0.2L, is expected,

the required plating thickness and scantlings of the bottom girders in this area shall
be separately considered by PRS.

7.5 Protective and Absorbing Longitudinals

7.5.1 For the small vessels, or the vessels constituting landing ships' equipment,
it is recommended that protective or absorbing longitudinals, with a structure simi-
lar to the side fenders, are provided on their bottom. These longitudinals shall be
fitted in the part of the bottom provided for resting on the ground, outside of the
bottom plating, spaced about 1.5 m, in line of bottom longitudinals axis, and their
height shall not be less than 100 mm.

7.5.2 Application of the strong protective steel longitudinals, made of rolled
cylindrical shapes or of welded box structure is allowable.

7.5.3 Protective longitudinals or framing of the absorbing longitudinals shall be
made of the same material as the bottom plating to which they are fitted and shall
be protected against corrosion by means of protective layers.
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7.5.4 Protective longitudinals or framing of the absorbing longitudinals shall be
welded to the hull bottom plating by continuous welds. Their segments
shall be face-welded before fitting to the hull. If such welding is impracti-
cable, PRS may accept ceramic backing strip welding.

7.5.5 Ends of the protective longitudinals or absorbing longitudinals framing
shall be bevelled to not less than 1:3, and shall extend over the floors or transverse
stiffeners of the bottom plating for a distance of 30 do 50 mm. Welds in the region
of the above elements shall be reinforced.
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8 HELICOPTERS LANDING GROUNDSAND VERTREP PLANES
8.1 Genera

8.1.1 Requirements of the present Chapter apply to ships with helicopters' land-
ing grounds and/or VERTREP planes (a plane on a ship's deck, from which cargo
can be loaded to the helicopter in hovering, or unloaded from such helicopter).

Design of the helicopters' landing grounds and VERTREP planes shall also
comply with the requirements of Defense Standard prNO-19A4-206.

8.1.2 In the present Chapter general structural requirements concerning helicop-
ters' landing grounds and VERTREP planes, design loads and principles for calcu-
lation of the minimum required plating thickness, section modulus of the plating
stiffeners, as well as checking of the girder system strength are given.

8.2 Descriptionsand Explanations

In the present Chapter the following descriptions concerning loads are applied:

static load — summary pressure O, of the helicopter's wheels on the landing
ground deck, or pressure of cargo element on VERTREP plane, of value equivalent
to the maximum helicopter's takeoff weight m, or the maximum weight of the cargo
element (O, = mg; g = 9.81 m/s” — gravity);

design load for touchdown area — (determined acc. to Defense Stan-
dard prNO-194-206) — load of value 30;;

design load for critical area — (determined acc. to Defense Standard
prNO-19A4-206) — load of value 50;

load in maneuvering or parking conditions — load correspond-
ing to pressure p acting on the area of the wheel imprint or on the contact area of
the cargo element with VERTREP plane, determined acc. to the formula (9.3.2.3-2)
for K, =1+(0.5a, /g), while the adopted to calculations K, value shall not be less

than 1.5.
8.3 Required Documentation

8.3.1 Documentation for Helicopters Landing

Documentation submitted for approval shall contain following information:

.1 location and dimensions of the landing ground;

.2 dimensioned landing ground marking, designating regions for touchdown,
maneuvering and parking (the requirements of the Defense Standard
prNO-194-206 shall be taken into account);

.3 arrangement of devices fastening the helicopter's to the deck;

4 helicopter's technical data assumed for design of the landing ground (the
maximum weight, spacing of wheels or skids, the dimensions of the
wheels or skids imprints);
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landing ground structural drawings;

drawings determining designation and the equipment of compartments un-
der the landing ground deck;

designation of the emergency touchdown area (critical area);

for the landing grounds, at which VERTREP plane is located — informa-
tion referred to in 8.3.2, sub-paragraphs .1, .2, .3 and .4.

o Ul

0~

8.3.2 VERTREP Plane Documentation

Documentation submitted for approval shall contain following information:

.1 location of VERTREP plane;

.2 general dimensions and dimensions of area designated for lowering the

cargo from the helicopter;

.3 an area provided for storage of the cargo and distribution of cargo fasten-

ing equipment;

4 technical data of the cargo lowered from the helicopter, assumed for the
design of the VERTREP plane structure (the maximum weight and dimen-
sions);

VERTRERP plane structural drawings;
drawings determining designation and the equipment of compartments un-
der the VERTREP plane.

o u

8.4 Helicopters Landing Ground Plating, Stiffeners, Girdersand Pillars
8.4.1 Plating

84.1.1 At determining required thickness of the landing ground plating, assump-
tion shall be made, that the load from the helicopter's wheels may occur in any
place of the area.

84.1.2 An assumption shall be made, that the load in touchdown conditions (see
8.2) is distributed uniformly over two wheels imprint areas (or wheels imprints enve-
lope) of dimensions in accordance with the helicopter's technical documentation.

If the dimensions are not known, then the wheel imprint dimensions 0.2 m x 0.3 m
(0.2 m — dimension in direction transverse to the wheel's axis) shall be adopted.

The identical to the above dimensions of the deck pressure area (e.g. 0.2 m x 0.3 m)
shall be adopted in the case of the helicopter with skids..

8.4.1.3 Required thickness of the plating shall be determined from the formula
(9.3.3.1), determining Q acc. to 9.3.4, where pressure p shall be assumed as a de-
sign load in landing conditions determined acc. to 8.2, distributed to wheels acc. to
8.4.1.2, and divided by the wheel imprint area (or wheels envelope).

8.4.1.4 Where under the landing ground compartments are provided, designated
for continuous attendance by the personnel (crew accommodations, control sta-
tions, etc.), or for storage of liquid fuels, then the plating thickness shall be deter-
mined acc. to 8.4.1.3 adopting design load for the critical area (see 8.2).
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8.4.1.5 Plating thickness of the touchdown area located on the strength deck in
the middle part of the ship's hull shall be increased by 10% in relation to the thick-
ness determined acc. to 8.4.1.3 or 8.4.1.4.

In the regions of the strength deck between centre part and outer parts, the re-
quired thickness ¢ shall be determined by linear interpolation for 7 values determined
as above and acc. to 8.4.1.3, compulsory for outer parts.

84.1.6 In the landing ground's areas designated for helicopters manoeuvering or
parking, the required plating thickness shall be determined from the formula (9.3.3.1)
for loads in manoeuvring conditions and loads in parking conditions (see 8.2).

In this case increase of plating thickness acc. to 8.4.1.5 is obligatory.

8.4.1.7 Plating in areas other than designated for landing, maneuvering and park-
ing shall be determined as for decks, e.g. in accordance with Chapter B/S.

84.2 Stiffeners

8.4.21 At determining required section modulus for deck stiffeners in areas
designated for landing, the requirements specified in 8.4.1.1 and 8.4.1.2, relating to
loads from the helicopter's wheels, shall be applied.

8.4.2.2 The required section modulus shall be determined acc. to 9.4.2.
When assigning O acc. to (9.4.3), pressure p shall be assumed as a load value
determined acc. to 8.2, distributed to the wheels acc. to 8.4.1.2, and divided by the
area of the wheel imprint (or wheels envelope).
In the formula (9.4.9), following K values shall be applied:
— K =1.0 — for stiffeners of landing grounds on special platforms, landing ground
on longitudinally stiffened decks in end parts of the ship, and on the decks stiff-
ened transversally;

- K=1- %f for longitudinal stiffeners of the deck (landing ground) in the

middle part of the ship, where o, is a stress from general hull bending, calculated
for the bending moment M = M; + 0.59M,, ; M, and M,, — see Chapter B/15.

— K determined by the linear interpolation — for longitudinal stiffeners of landing
grounds on the decks located between the middle part and end parts of the ship's
hull.

8.4.2.3 In the landing ground's areas designated for maneuvering or parking
helicopters, the required section modulus of stiffeners shall be determined from
the formula (9.4.2) for loads in maneuvering conditions and loads in parking
conditions (see 8.2).

8.4.2.4 Transverse section area of the stiffener web in area designated for land-
ing shall not be less than the area determined from the formula:
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=220 fen) (8.4.2.4)

A =
T dop

where:
O, —see 8.2, [kKN]
Tiop = 0.5Re, [MPa].

8.4.25 Scantling of stiffeners in areas other than designated for landing, ma-
noeuvering and parking shall be determined as for decks, e.g. according to re-
quirements of Chapter B/8.

8.4.3 Girdersand Pillars

8.4.3.1 Scantlings of girders and elements of the structure supporting landing
grounds shall be determined on the basis of direct calculations, taking into account
the requirements of Chapter B/14.

8.4.3.2 Strength of girders and elements of the structure supporting landing gro-
und for loads determined acc. to 8.2, applying assumptions relating to loads from
wheels, given in 8.4.1.1 and 8.4.1.2, shall be checked.

The following criterion shall be fulfilled:

o, =0’ +3r° <Re (8.4.3.2)
where:

o — normal stresses; for the longitudinal girders of the landing grounds on decks
o represents a sum of stresses from bending of the girders and stresses from
the general bending of the hull with moment M; + 0.59M,, (M, M,, — see
B/15);

7 — mean tangent stresses in girders' webs.

8.4.3.3 In load conditions, as in 8.4.3.2, critical stresses in compressed elements
supporting landing grounds shall not be less than compressive stresses.

8.4.3.4 Strength of girders and elements of the structure supporting landing
grounds in helicopters' maneuvering and parking conditions for loads required in
8.4.1.6 shall also be checked.

Icing, acc. to B/17.4, shall, if applicable, be taken into account

Values of permissible stresses given in B/14.4 shall be applied.

8.5 Plating, Stiffeners, Girdersand Pillars of VERTREP Planes
8.5.1 Plating

85.1.1 If the pieces of cargo or equipment provided for lowering on the VER-
TREP plane are in a form of rigid elements, then assumption shall be made, that the
load in lowering conditions is uniformly distributed over two areas with dimensions
0.1 m x 0.1 m, under any two corners of the element.

In the case of other types of cargo, loads in lowering conditions are subject of
separate PRS consideration.
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85.1.2 Plating of VERTREP planes shall be determined acc. to sub-chapter
8.4.1, as for plating of landing grounds decks, but for the substitute areas of the
wheels imprint acc. to 8.5.1.1.

8.5.1.3 Plating shall also comply with the requirements of Chapter B/8, concern-
ing decks.

85.2 Stiffeners

8.5.2.1 Scantlings of stiffeners shall be determined in accordance with the re-
quirements of 8.4.2 for helicopters' landing grounds stiffeners (in an applicable
scope), assuming loads acc. to 8.5.1.1.

85.3 Girdersand Pillars

85.3.1 Scantlings of girders and pillars shall be determined acc. to requirements
of 8.4.3 for helicopters' landing grounds (in an applicable scope), assuming loads
acc. to 8.5.1.1.




Decks for Transport of Vehicles 255

9 DECKSFOR TRANSPORT OF VEHICLES
9.1 Genera

9.1.1 Application

Requirements of the present Chapter are applicable to the ships' decks, stiffened
longitudinally or transversely, designated for transport of wheeled or tracked vehi-
cles, as well as to decks of storing spaces, where vehicles are employed to handling
of stores or cargoes.

9.1.2 Technical Documentation

9.1.2.1 Following data shall be submitted for PRS consideration and approval:
— arrangements plan of vehicles distribution on decks;
— assumed vehicles parameters, such as:
— the maximum weight,
— spacing of axis and wheels, or dimensions of wheels imprints and spacing
of tracks,
— type of tires and dimensions of tires' imprints,
— static loads assigned to particular wheels or particular tracks' links.

9.1.2.2 Parameters required in 9.1.2.1 shall be recorded in Loading Manual.
9.2 Materialsand Welding

9.21 Permanent fittings (permanently connected to the construction of the hull),
for fixing vehicles and cargo, shall be made of steel having a category satisfying
the requirements of Chapter B/2. Application of other categories of steel or other
materials is subject to separate consideration by PRS.

9.2.2 Castings of permanent fittings, permanently connected to the hull structure,
provided for fixing vehicles and cargoes shall satisfy requirements of Part IX —
Materials and Welding.

9.2.3 Welding of permanent fitting elements for fixing of vehicles and cargoes to
the hull structure, shall satisfy requirements of Chapter B/4.

9.2.4 At the connections of girders and stiffeners to plating of decks designated
for transport of vehicles any cuts shall be avoided. In general double side continu-
ous welding shall be applied. Double side intermittent welding may be applied
upon separate consideration by PRS.
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9.3 Plating
931 General

Strength requirements for plating of decks, which may be exposed to loads from
the vehicles' wheels, are based on assumption that the plates are subject of uniform
surface loading (pressure) from the single wheel.

In the case of wheels group, which imprints are spaced less than the smaller di-
mension of a single wheel imprint, when considering its effect on the plating it may
be substituted by the imprint with dimensions of the wheels group envelope.

Scantling of the plating in case of other configuration of the wheels' group im-
print is subject of separate PRS consideration.

9.3.2 Design Pressure and Dimensions of Wheel Imprint

9.3.21 Design pressure and dimensions of the wheels imprints (or wheels' group
envelope) shall be determined on the basis of vehicles technical data (see 9.3.2.2).

If the distribution and dimensions of the wheels' imprints are not known, then,
for the need of strength calculations they shall be determined acc. to 9.3.2.4.

9.3.2.2 Design area of the single wheel, or wheels' group, inprint ' shall be de-
termined from the formula:

F=u-v, [m’] (9.3.2.2)
where: v = v; — for the single wheel, or when e > v, (Fig. 9.3.2.2); for the wheels
group v acc. to Fig. 9.3.2.2.

axis of wheels
rotation

V1 e

v

Fig. 9.3.2.2

9.3.2.3 If the dimensions u and v of wheel imprints are known (see 9.3.2.2), the
static pressure py acting on the area of the wheel imprint shall be determined from
the formula:

pi= %, [kPa] (9.3.2.3-1)
n, I
where
n — number of wheels forming the group of wheels (for single wheel n = 1);

no — number of wheels on the vehicle axis;
F — area of wheel, or wheels group, imprint, [m?];
Qo— static load attributed to the axis, [kN];
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In the case of unequal loads on particular vehicle axes, Oy shall be assumed
such, that calculated p; has the highest value.

The minimum value of O, assumed for calculations shall correspond to the load
of single wheel and amount to 3.0 kN.

In the case of forklifts employed in loading operations, assumption shall be
made, that total weight of the vehicle with the load acts on the front axis.

In the case of tracked vehicles, F' represents the area of track imprint, and Q,
represents a half of the vehicle weight.

Design pressure p acting on the surface of the wheel imprint, necessary for the
determination of design load Q, used for calculation of the required plating thick-
ness (see 9.3.3.1 and 9.3.3.2), and section modulus of plating stiffeners (see 9.4.2
and 9.4.3) shall be determined from the formula:

p=K,p;, [kPa] (9.3.2.3-2)

K;= oy-op— factor taking into account dynamic loads from moving vehicles;

oy — factor equal to:

o = 1.1 — in the case of vehicles (except of forklifts and track vehicles)
with axis load less than 50 kN,

oy = 1.05 — in the case of vehicles (except of forklifts and track vehicles)
with axis load of 50 kN or more,

oy = 1 —in the case of forklifts and track vehicles,

o, — factor equal to 1.15 — in the case of vehicles with pneumatic and solid
tires, or 1.25 — in the case of vehicles with steel wheels (hoops) and
track vehicles;

0.5a, . .
K;,= 1+ — 1n sea conditions;

g
a, — vertical acceleration, [m/sz], determined acc. to B/17.5.4.1;

—_

9.3.24 If the dimensions of the wheels' imprints are not known, the pressure
P [kPa], may be adopted from the Table 9.3.2.4

Table9.3.2.4
Type of vehicle Type of tires

pneumatic solid

Personal and cross-country vehicles 200 -

Trucks, lorries 800 -
Trailers and semi-trailers 800 1500
Forklifts 800 (forn =1) 1500
600 (for n > 2) 1500
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The area of the wheel, or wheels' group, imprint shall be determined from the
formula:

= (9.3.2.4-1)
ny Pk
n, ny, Qp—as in 9.3.2.3.
Imprint dimension u, perpendicular to the wheels axis of rotation, shall be de-
termined from the formula (see Fig. 9.3.2.2):
— for wheels with solid tires:

u=0.1 &, [m], where 9 < 15KkN, (9.3.2.4-2)
ny My

u=0.15+0.001 [&—IOOJ , [m], where %> 15 kN,

ny ny
— for wheels with pneumatic tires:

u=015+000252  [m], where 2 <100kN, (9.3.2.4-3)

ny ny

u=0.4+0.002 (&—IOOJ , [m], where &> 100 kN.
no 1y
Wheel, or wheels group, imprint dimension v, parallel to the wheels axis of ro-
tation, shall be determined from the formula:

v=—", [m] (9.3.2.4-4)

9.3.25 At establishing design loads, in-port loads (loading operations) and sea
loads from the carried vehicles, shall be considered.
Design loads shall be determined for two, mutually perpendicular positions of
the wheels' axis of rotation against sides of the plating or stiffeners:
— wheels rotation axis parallel to the shorter side of the plate (perpendicular to
stiffeners direction),
— wheels rotation axis parallel to the longer side of the plate (parallel to stiffeners
direction).
In all cases wheels imprints shall be situated in such manner, that the longer si-
de of the plate, or segment of the plating supported by stiffener, are loaded at the
greatest length.

9.3.3 Required Plating Thickness

9.3.3.1 Thickness of the deck plating exposed to wheels loads shall not be less,
than thickness determined from the formula:

K,Qs

e

t=58K, +¢,, [mm] (9.3.3.1)
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K, — numerical factor, the value of which shall be determined in the following way:

Kz_

s

I mQ =

— the minimum values of K;, which may be applied for the plating of all decks,

except of the upper deck, are:

Ki= Kiwn=10 — for in-port conditions, for loads during loading op-
erations,

Ky = Kin,=1.075 — for at-sea conditions, for loads from carried vehicles;

For the upper deck in a midship part of the ship:

but not less than K,,;, values given above.
Values of K factor shall be adopted according to Table 9.3.3.1.

Table9.3.3.1
KoValues
Deck stiffening system Service conditions
In-port At-sea
longitudinal Ky :1—0.051 K(=0.92-0. 16K
w, w,
transverse Ky :1—0.23K KO=0.86—0.36K
W, w,

W — required section modulus of the hull in the ships' middle part, [cm’],
determined acc. to B/15.2.1;

W,— actual section modulus of the hull in the ships' middle part, [cm’], de-
termined acc. to principles given in B/15.7.1;

for the upper deck plating in terminal parts of the ship, minimum values of K,

given above are obligatory;

between middle part of the ship and its terminal parts, K, values change linearly;

125-05 % for §> 0.5,

1 for % <0.5;

span of the beams, [m];
beams spacing, [m];
design load, determined acc. to 9.3.4;
yield point of the plating material, [MPa] (see B/2.2);
factor, calculated as follows (for the imprint of single wheel or wheels group
envelope) — see Fig. 9.3.3.1):

m= st dla é <1,

1-0.57° g

N
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2
m=29.47—2{23.65—8.752 +0.97 [2) } for 1§(éj§ 3.35,
s s s s

m = 12 for 2>3.35,

s
b — length of the wheel imprint edge perpendicular to stiffeners (Fig.
9.3.3.1), [m];
2 1

N A
< ! - P !
a) axis of wheels rotation b) axis of wheels rotation parallel
perpendicular to stiffeners to stiffeners
Fig. 9.3.3.1

9.3.3.2 If the wheel imprint dimensions are determined acc. to 9.3.2.4, plating
thickness determined acc. to 9.3.3.1 shall be increased by 15%.

9.3.3.3 Plating thickness determined acc. to 9.3.2.4 for the loads from track ve-
hicles shall additionally be increased by 1.5 mm.

9.3.34 Deck plating thickness shall not be less than determined acc. to B/8.3 for
decks in storage spaces.

9.34 Design Load for Plating
Design load for plating, O, [kN], shall be determined from the formula:

0=pCs,, [kN] (9.3.4)

where:
p —acc. to formula 9.3.2.3-2;

C=1.35C, —0.6C} +0.09C; , but not more than 1;

a, s —acc. to Fig. 9.3.3.1;
s1=b,when b <s;

s1=s, when b > s;

b —acc. to Fig. 9.3.3.1.
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9.4 Beams

94.1 Genera

When establishing design loads for beams, the principles for plating provided in
9.3.2.5 shall be applied.

9.4.2 Beams Section Modulus

Net section modulus (e.g. after subtraction of corrosion allowances acc. to B/
2.5) transverse and longitudinal beams of decks subject to loads from wheels shall
not be less, than modulus determined from the formula:

1000 Q!
mKR,
design load, [kN], determined acc. to 9.4.3;

— beam span, [m];
yield point of beam material, [MPa];

— factor, determined as follows:

mzi for £ <1,

I
1-0.57%
/

W= [em 3] (9.4.2)

I » -
I

2
m=29.47—%|:23.65—8.75 %+0.97(%) } for 1< GJ <3.35,

m = 12 for %>3.35;

a — dimension of the imprint along stiffeners — see Fig. 9.3.3.1;
K — factor of the permissible stresses, with values determined in the following way:
— for longitudinal beams in the midship part of the ship — acc. to Table
9.4.2, whereas adopted values shall not exceed K,.,;
— for longitudinal beams in the end parts of the ship: K = K,,.,; between the
midship and end parts of the ship K value varies linearly;
— for transverse beams: K = K.
W — required value of the hull section modulus in the middle part of the ship,
[cm’], determined acc. to B/15.2.1;

W, — actual value of the hull section modulus for the considered section in the middle
part of the ship, [cm’], determined acc. to principles provided in B/15.7.1.
Table9.4.2
K valuesfor longitudinal beamsin the middle part of the ship

Longitudinal beams Service conditions

At-sea In-port
Any deck 0.96—0.561 0.96—0.36K
W, w,
Koax 0.7 0.8
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9.4.3 Design Loads
Design loads for stiffeners Q shall be determined from the formula:

O=K-p-s, -1, [kN]

where:

K=1,when é<1 or é23
S s

K=1.3—0.3(§—2),when ISIZ<3
s — width of the plating strip supported by the stiffener (stiffeners spacing), [m];
p — design pressure determined acc. to formula (9.3.2.3-2);

s, =b,when b<s,

s, =s,when b>s,

[, =a,when a<l,

l,=1,when a>1,

a, b, s, —see Fig. 9.3.3.1.

9.4.4 Additional Requirementsfor Beams Section Modulus

9.4.4.1 If the wheels' imprint dimensions are determined acc. to 9.3.2.4, the sec-
tion modulus determined acc. to formula (9.4.2), shall be increased by 15%.

9.4.4.2 In situations, where beams cannot be considered as rigidly supported on
each girder, values of factor m shall be agreed with PRS.

9.4.43 Beams' section modulus shall not be less from required for storage spa-
ces, for loads acc. to B/17.6.7.

9.5 Girders
951 Method of Girders Strength

Scantlings of girders are subject of checking by methods of zone strength analy-
sis provided in B/14.
Values of permissible stresses are provided in B/14.5.

95.2 Load

The calculation shall take into account the most adverse variations in vehicle loads in port and at-sea condi-
tions, having regard to the dynamic loads in the same way as described in section 9.3.2.3 on plating loads.

The strength of girders shall be adequate also for the minimum pressures,
with values provided in B/17.6.7, acting on the entire surface of the deck.
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10 ICE STRENGTHENINGS
10.1 General
10.1.1 Application

10.1.1.1 The requirements of the present chapter apply to ships intended for
navigation in waters with ice conditions.

10.1.1.2 The requirements specified in this Chapter shall be regarded as supple-
mentary to the basic ones specified Part B.

10.1.2 Classification

10.1.21 Vessels built in accordance with the requirements specified in sub-chapter
10.2 applicable to ships intended for occasional navigation in light ice conditions (in
fine ice pieces) in coastal areas of the western part of the Baltic Sea or in other areas
with similar ice conditions may be affixed with the ice strengthening mark (L 4).

10.1.2.2  Vessels built in accordance with the requirements specified in sub-
chapter 10.3 applicable to ships intended for navigation in winter in the Baltic Sea
or other non-Arctic seas with similar ice conditions may be affixed with the follow-
ing ice strengthening marks, depending on strengthening applied:
— L3, for navigation in light ice conditions,
— L2, for navigation in medium ice conditions,
— L1, L1A for navigation in heavy ice conditions.

The decision on necessity to provide ice strengthening in ship rests with the Owner.

10.1.2.3 Ice strengthening for ships intended for navigation in Arctic seas are
subject to PRS acceptance in each particular case.

10.1.3 Definitions

Ly — design length of the ship, as defined in A/2.2, [m];
s, — standard frame spacing, [m];
ss=10.48 + 0.002 Lo;
ss <0.61 m shall be taken forward of the collision bulkhead;

so — real frame spacing, not including intermediate frames, [m];

s — frame spacing, including intermediate frames, if applied, measured along
the shell plating, [m];

[ — span of stiffener or girder, measured along the flange, [m];

D, — ship displacement in fresh water (p = 1.0 t/m’) at maximum ice class

draught amidships, as specified in 10.1.4, [t];
N; — the actual continuous engine output of the ship, [kW],
LWL—- maximum draught line — the line defined on side plating by the
maximum draughts fore, amidships and aft (may be a broken line).
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BWL—- ballast line — the line defined on side plating by the minimum
draughts fore and aft,
R, — material yield point — see paragraph B/2.2, [MPa].

10.1.4 Explanations

Maximum ice class draught amidships — the draught corresponding
to the maximum permissible draught.

Ice belt — the part of the shell plating which shall be reinforced.

Ice belt regions — forice classes L1A, L1, L2 and L3 the ice belt is subdi-
vided into the following regions (see Fig. 10.1.4):

Forward region — from the stem to a line parallel to and 0.04 L, aft of the
forward borderline of the part of the hull where the waterlines run parallel to the
centre plane; the overlap over the borderline need not exceed 6 m for ice classes
L1Aand L1 and Smfor L2 and L3.

Midship region — from the aft boundary of the forward region to a line paral-
lel to and 0.04L, aft of the aft borderline of the part of the hull where the waterlines
run parallel to the centre plane; the overlap over the borderline need not exceed
6 m forice classes L1IA and L1, and 5m for L2 and L 3.

Aft region —ice belt part from the aft boundary of the midship region to the stern.

Ice belt, aft region

loe belt, midship region e

gl /—-7
; ™~
\ See 10.34.1 See 10.1.4 I,r ;//';,f/j Upoer forwerndioe ekt

fu.;'/',.r B LWL
lo@ belt forwand region

!\\-"‘-"-'\\.‘U'V/;f

- © Seel0dd }\ See 10.3.4.1 BWL
Lower foraard ice balt
V If | region
Border of part of side where waterlines i i 5 frame spacings
are parallel to the center plane +——t- 82
See 10.3.4.1

Fig. 10.1.4 Ice belt regions

10.2 Basiclce Strengthening (L4)
10.2.1 IceBdt

10.21.1 The ice belt shall extend vertically from 0.5 m above LWL to 0.5 m below
BWL.

10.2.1.2 In the fore part of the ship, from stem to cross-section x = (0.5 Ly — B),
the shell plating thickness shall not be less than:

t=6+0.11L, + Ar, [mm] (10.2.1.2)
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At=20 (so—ss), [mm]; A ¢ > 0 shall be taken.

From the section x = (0.5 Ly— B) to the position where the waterlines reach their
full breadth, the shell plating thickness of ice belt shall be gradually reduced to the
normal thickness. The shell plating thickness need not exceed 25 mm.

10.2.2 Frames

10.2.2.1  Section modulus of the frames in the fore peak shall not be less than:
W=025L,T, [cm’] (10.2.2.1)

Spacing of the frames in fore peak shall not exceed 0.61 m.

10.2.2.2 Section modulus of the frames within the region from the fore peak
bulkhead to the section x = 0.5 Ly — 1.5 B shall not be less than:

W=04s,L,T, [cm’] (10.2.2.2)

10.2.3 Intermediate Frames

10.2.3.1 Intermediate frames shall be fitted within the region from stem to the
section positioned 1.5 B from FP abaft.

Upper ends of intermediate frames shall extend 0.62 m above LWL and the
lower ends — not less than 1.0 m below BWL.

Additional stiffeners between bottom floors shall be fitted where any part of the
bottom is situated less than 0.5 m below BWL.

10.2.3.2 Intermediate frames may be omitted if the spacing of frames does not
exceed:

0.37 m forward of collision bulkhead,

0.288 + 0.0012 L;, [m], not more, however, than 0.42 m abaft the collision
bulkhead.

10.2.3.3  Section modulus of the intermediate frames abaft the collision bulkhead
shall not be less than:

S

L2
w=| =% 1202, [em?] (10.2.3.3-1)
100 s
Section modulus of the intermediate frames forward of collision bulkhead shall
not be less than:
L%) So 3
W=——+10|—, [cm’] (10.2.3.3-2)
160 S,

Where the span of intermediate frames forward of the collision bulkhead is dif-
ferent from 2 m, the value of the required section modulus shall be modified in
direct proportion. Intermediate frames need in no case have a section modulus lar-
ger than 75% of that of main frames within the same region.
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10.2.3.4 The ends of intermediate frames shall be connected to horizontal car-
lings between main frames. These carlings shall not form a continuous stringer.
Where intermediate frames extend to a deck, the upper carlings may be omitted.

10.2.4 Ice Stringer

In single deck ships, an ice stringer shall be fitted 0.2 to 0.3 m below LWL from
the stem to the section x = 0.5 Ly —2 B.

Forward of the collision bulkhead, the shape and scantlings of ice stringer shall
be the same as those of an ordinary girder on the ship’s side. Beyond the fore peak
the ice stringer shall consist of a series of tripping brackets fitted to the frames.

10.25 Weding

In way of fore peak, tee joints connections of structural parts with the shell plat-
ing shall be continuous and double sided.

10.2.6  Stern Frame Section Moduli

Section moduli of the stern frame, rudder horn shall be by 7.5% greater than
those required in Chapter B/11.

10.3 IceStrengtheningsL1A,L1,L2and L3
10.3.1 General Requirements

10.3.1.1 The requirements for ice strengthening of the hull structure are related to:

— the thickness of side plating in various ice belt regions (see sub-chapter
10.3.4.2), the vertical extension of the ice belt shall fulfil the requirements
specified in sub-chapter 10.3.4.1,

— the scantlings of frames and intermediate frames supporting the ice belt plating
(see sub-chapter 10.3.5.2 — for transverse frames, and sub-chapter 10.3.5.3 — for
longitudinal framing; the vertical extension of the ice strengthened framing shall
fulfil the requirements specified in sub-chapter 10.3.5.1),

— the scantlings of side stringer elements (see sub-chapters 10.3.6.1 and 10.3.6.2),

— the scantlings of web frames (see sub-chapter 10.3.7),

— material and structure of stem (see sub-chapter 10.3.8.1),

— strengthening of after part structure (see sub-chapter 10.3.9).

10.3.1.2 Instead of the formulae and values specified in sub-chapter 10.3 for the
determination of the hull scantlings more sophisticated methods may be used.
Results of such calculations and the theoretical background shall be submitted
to PRS.
If the scantlings derived from the requirements specified in the present Chapter
are less than those required for an unstrengthened ship, the latter shall be used.
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10.3.1.3 The maximum and minimum ice class draughts fore and aft shall be
determined and they are stated in the Certificate of Class.

The ship draught and trim, limited by the LWL (see sub-chapter 10.1.3), must
not be exceeded when the ship is navigating in ice. The sea water salinity along the
intended route shall be taken into account when loading the ship.

The ship shall always be loaded down at least to the BWL when navigating in ice.

Any ballast tank, situated above the BWL (see sub-chapter 10.1.3) and needed to
load down the ship to this waterline shall be equipped with devices preventing
water from freezing. In determining the BWL, regard shall be paid to the need for
ensuring a reasonable degree of ice-going capability in ballast. The propeller shall
be fully submerged, if possible, entirely below the ice.

The minimum forward draught shall not be less than that determined in accor-
dance with the following formula:

T, =(2+0.00025D,)h,, [m] but need not exceed 4 A, (10.3.1.3)

D, — see 10.1.3;
hy — level ice thickness determined in accordance with sub-chapter 10.3.3.

10.3.2 Documentation

10.3.2.1 The classification documentation submitted to PRS shall cover details
related to ice classes in respect of design, arrangement and strength.

10.3.2.2 In the shell expansion drawing, lines separating the forward, midship and
aft regions of the ice belt, LWL and BWL, as well as the upper and lower boundaries
of minimum extension of frames strengthened for ice conditions shall be indicated.

The displacement D, and maximum continuous power N, shall be indicated on
the drawings of midship section and shell expansion.

10.3.3 IcelLoad
10.3.3.1 Height of Load Area

An ice strengthened ship is assumed to operate in open sea conditions corre-
sponding to a level ice thickness not exceeding 4 The design height / of the area
actually under ice pressure at any particular point of time is, however, assumed to
be only a fraction of the ice thickness 4.

The values for 4pand £ are specified in Table 10.3.3.1.

Table10.3.3.1
| hy h
Ice class [m] [m]
LIA 1.0 0.35
L1 0.8 0.30
L2 0.6 0.25
L3 0.4 0.22
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10.3.3.2 Design lcePressure
Design ice pressure shall be determined in accordance with the following formula:
p=c,c,c.po, [MPa] (10.3.3.2-1)

po — the nominal ice pressure; the value p, = 5.6 MPa shall be used;
¢, — factor which takes account of the influence of the size and engine output of
the ship, to be determined in accordance with the following formula:

ak, +b
C,=———
1,000
k — V DSNS .
' 1,000
a, b — parameters specified in Table 10.3.3.2-1.
Table10.3.3.2-1
Parameters Ice belt region
Forward Midship and Aft
k<12 ki >12 ki <12 k> 12
a 30 6 8 2
b 230 518 214 286

Dy, N; — see sub-chapter 10.1.3;

¢, — factor which takes account of the probability that the design ice pressure
occurs in a certain region of the hull for the ice class in question; the values
of ¢, shall be taken from Table 10.3.3.2-2;

Table 10.3.3.2-2
Ice belt region
Ice Class

Forward Midship Aft

L1A 1.0 1.0 0.75
L1 1.0 0.85 0.65
L2 1.0 0.70 0.45
L3 1.0 0.50 0.25

c. — factor which takes account of the probability that the full length of the area
under consideration will be under pressure at the same time; the values of ¢,
shall be determined in accordance with the following formula:

4751,
c, =
44

0.6 < ¢.< 1.0 shall be taken;
I, — parameter determined in accordance with Table 10.3.3.2-3.

(10.3.3.2-2)
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Table10.3.3.2-3
Structure Type of framing 1, [m]
Shell transverse frame spacing
longitudinal 2 x frame spacing
Frames transverse frame spacing
longitudinal span of frame
Ice stringer - span of stringer
Web frame - 2 x web frame spacing

10.3.4 Shell Plating
10.34.1 Vertical Extension of the I ce Strengthening (I ce Belt)

The required vertical extension of the ice strengthening is shown on Fig. 10.1.4.
The vertical extension of the ice belt shall not be less than that specified in Ta-
ble 10.3.4.1.

Table10.34.1
Ice Class Above LWL, [m] Below BWL, [m]
L1A 0.6 0.75
L1 0.5 0.6
L2 0.4 0.5
L3 0.4 0.5

In addition, the following areas shall be strengthened:

Forefoot (see Fig. 10.1.4): For ice class L 1A, the shell plating below the ice belt
from the stem to a position five main frame spaces abaft the point where the bow
profile departs from the keel line shall have at least the thickness required in the ice
belt in the midship region.

Upper forward ice belt (see Fig. 10.1.4): For ice classes L1A, and L1 on ships
with an open water service speed equal to or exceeding 18 knots, the shell plate
from the upper limit of the ice belt to 2 m above it and from the stem to a position
at least 0.2, abaft the forward perpendicular, shall have at least the thickness re-
quired in the ice belt in the midship region. A similar strengthening of the bow
region is advisable also for a ship with a lower service speed, when it is, e.g. on the
basis of the model tests, evident that the ship will have a high bow wave.

Sidescuttles shall not be situated in the ice belt. If the weather deck in any part
of the ship is situated below the upper limit of the ice belt (e.g. in way of the well
of a raised quarter decker), the bulwark shall be given at least the same strength as
is required for the shell in the ice belt. The strength of the construction of the free-
ing ports shall meet the same requirements.
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10.3.4.2 Plate Thicknessin thelce Belt

For transverse framing, required shell plating thickness in the ice belt shall be
determined in accordance with the following formula:

=667 s %H [mm] (10.3.4.2-1)

c?
e

For longitudinal framing, required shell plating thickness shall be determined in
accordance with the following formula:

t=667s |2 +¢_, [mm] (10.3.4.2-2)
R,
p1 = 0.75 p (p — see formula 10.3.3.2-1), [MPa];
c =13~ Lz , but not greater than 1.0;
(h + 1.8)
s
C, =O.6+% ifﬁﬁl,
h s
s
C, =1.4—O.4ﬁ if 1<ﬁ<1.8,
s s
h — see sub-chapter 10.3.3.1;
t. — allowance for abrasion and corrosion, [mm]; normally #. = 2 mm. If a special

surface coating, by experience shown capable to withstand the abrasion of
ice, is applied and maintained, lower values may be permitted by PRS.

10.35 Frames
10.3.5.1 Vertical Extension of | ce Strengthening

The vertical extension of the ice strengthening of the framing shall not be less
than that specified in Table 10.3.5.1.

Table10.3.5.1
Iee Class Region Above LWL, Below BWL,
[m] [m]
from stem to 0.3 L, abaft it 1.2 To double bottom or below top of floors
LIA ab.aft 9.3 Ly from stem 1.2 1.6
midship 1.2 1.6
aft 1.2 1.2
from stem to 0.3 L, abaft it 1.0 1.6
L1,12, 13 ab'aft 9.3 Ly from stem 1.0 1.3
midship 1.0 13
aft 1.0 1.0
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Where an upper forward ice belt is required (see sub-chapter 10.3.4.1), the ice-
strengthened part of the framing shall be extended at least to the top of this ice belt.

Where the ice strengthening would go beyond a deck or a tanktop by not more
than 250 mm, it can be terminated at these constructions.

10.3.5.2 Transverse Frames

10.3.5.2.1 Section Modulus

The section moduli of main and intermediate transverse frames shall be deter-
mined in accordance with the following formula:

pshl

W= 10°, [cm’] (10.3.5.2.1)

m,R

" e
p — ice pressure, [MPa], determined in accordance with sub-chapter 10.3.3.2;
h — height of load area, [m], determined in accordance with sub-chapter 10.3.3.1;
[ — span of the frame, [m];
_ Imy
t ’
7-5 h
[

my— factor determined in accordance with Table 10.3.5.2.1.

Table10.3.5.2.1

Boundary condition myg Example
T H 6 Frames extending from
%j the tanktop to a single deck
~ ~=
¥

several decks or side stringers

TP 5.7 Continuous frames between
i
Y
i
Y
i

[ 5 Side frames extending between

~ two decks only

The boundary conditions are those for the main and intermediate frames. Load
is applied at mid span.

Where less than 15% of the span, /, of the frame is situated within the ice-
strengthening zone for frames (see 10.3.5.1), ordinary frame scantlings may be
used.
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10.3.5.2.2 Upper End of Transverse Framing

The upper end of the strengthened part of a main frame and of an intermediate
ice frame shall be attached to a deck or an ice stringer (see 10.3.6).

Where a frame terminates above a deck or a stringer which is situated at or above
the upper limit of the ice belt (see 10.3.4.1), the part above the deck or stringer may
have the scantlings required for an unstrengthened ship and the upper end of an in-
termediate frame may be connected to the adjacent frames by a horizontal member
having the same scantlings as the main frame. Such an intermediate frame can also
be extended to the deck above and if this is situated more than 1.8 metre above the
ice belt, the intermediate frame need not be attached to that deck, except in the for-
ward region.

10.35.2.3 Lower End of Transverse Framing

The lower end of the strengthened part of a main frame and of an intermediate
ice frame shall be attached to a deck, tanktop or ice stringer (see sub-chapter
10.3.6).

Where an intermediate frame terminates below a deck, tanktop or ice stringer
which is situated at or below the lower limit of the ice belt (see sub-chapter
10.3.4.1), the lower end may be connected to the adjacent main frames by
a horizontal member of the same scantlings as the frames.

10.3.5.3 Longitudinal Frames

The section modulus of a longitudinal frame shall be determined from the fol-
lowing formula:

_ c;c, phl?

W 10°, [cm’] (10.3.5.3-1)

mlRe

The shear area of a longitudinal frame shall be determined in accordance with
the formula:

V3 esphl
2R

e

A= , [em?] (10.3.5.3-2)

The above formulae are valid only if the longitudinal frame is attached to sup-
porting structure by brackets as required in paragraph 10.3.5.4.1.

¢; — factor which takes account of the load distribution to adjacent frames;

c3 = 1-02 ﬁ,
N
s — frame spacing, [m]; the frame spacing shall not exceed 0.35 m for ice class
L 1A or L1 and in no case shall exceed 0.45;
[ - span of frame, [m];

¢4 — factor which takes account of the concentration of load at the point of sup-
port; ¢4 = 0.6 shall be taken;



Ice Strengthenings 273

p — ice pressure, [MPa], as specified in sub-chapter 10.3.3.2;

h — height of load area as specified in sub-chapter 10.3.3.1;

m; — boundary condition factor; m; = 13.3 for a continuous beam; smaller factors
may be required where the boundary conditions deviate considerably from
those of a continuous beam; e.g. in an end field.

10.35.4 General Requirementsfor Framing

10.3.5.4.1 Within the ice-strengthened area all frames shall be effectively at-
tached to all the supporting structures. A longitudinal frame shall be attached to all
the supporting web frames and bulkheads by brackets. When a transversal frame
terminates at a stringer or deck, a bracket or similar construction shall be fitted.
When a frame is running through the supporting structure, both sides of the web
plate of the frame shall be connected to the structure (by direct welding, collar
plate or lug). When a bracket is installed, it has to have at least the same thickness
as the web plate of the frame and the edge has to be appropriately stiffened against
buckling.

10.3.5.4.2 In ships with ice classes:

L 1A — within all regions,

L1 - in the midship and forward regions,

L2 and L3 — in the forward region

the following shall apply in the ice-strengthened area:

- frames which are not at straight angle to the shell shall be supported by
tripping brackets, intercostals, stringers or similar at a distance not exceeding
1.3 m;

- the frames shall be attached to the shell by double continuous welds. No
scalloping is allowed (except when crossing shell plate butts);

- the web thickness of the frames shall be at least one half of the thickness of
the shell plating and at least 9 mm. Where there is a deck, tanktop or bulkhead
in lieu of a frame, the plate thickness of this shall be as above, to a depth corre-
sponding to the height of adjacent frames.

10.3.6 IceStringers
10.3.6.1 Stringerswithin thelce Belt

Section modulus of a side stringer situated within the ice belt (see sub-chapter
10.3.4.1) shall be determined in accordance with the following formula:

cs phl? 1

mR

W= 0°, [cm’] (10.3.6.1-1)

e

Shear area of the stringer shall not be less than that determined in accordance
with the following formula:
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\/gcsphl 1
2R,

A= 0*, [cm?] (10.3.6.1-2)

p — ice pressure, [MPa], as specified in sub-chapter 10.3.3.2;

h — height of load area, [m], as specified in sub-chapter 10.3.3.1; ph > 0.3 shall
be taken;

[ — stringer span, [m];

my; — stringer boundary condition factor (see sub-chapter 10.3.5.3)

¢s — factor which takes account of the distribution of load to transverse frames; to
be taken as 0.9.

10.3.6.2 Stringersoutside the | ce Belt

Section modulus of a side stringer outside the ice belt but supporting ice
strengthened frames shall be determined in accordance with the following formula:

W:céphl2

)

N

(1— 5}06, [cm’] (10.3.6.2-1)
mlRe

Shear area of the stringer shall not be less than that determined in accordance

with the formula:
3 hi h
\/_chzp (1 - _ZS J -10*, [sz] (10.3.6.2-2)

e s

A:

hy — the distance to the ice belt, [m];

[, — the distance to the adjacent ice stringer, [m];

p, h, I, m; — see sub-chapter 10.3.6.1;

¢s — factor which takes account of load to the transverse frames; to be taken as 0.95.
The product p -4 shall not be taken as less than 0.3.

10.3.6.3 Deck Strips

10.3.6.3.1 Narrow deck strips abreast of hatches and serving as ice stringers
shall comply with the section modulus and shear area requirements specified in
sub-chapter 10.3.6.1 or 10.3.6.2 respectively. In the case of very long hatches PRS
may permit the product ph to be taken as less than 0.30 but in no case as less than
0.20.

10.3.6.3.2 When designing weather deck hatch covers and their fittings, regard
shall be paid to the deflection of the ship sides due to ice pressure in way of very
long hatch openings.

10.3.7 Web Frames
10.3.7.1 Load
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The load transferred to a web frame from an ice stringer or from longitudinal
framing shall be calculated in accordance with the following formula:

F=phS, [MN] (10.3.7.1)
p — ice pressure as determined in sub-chapter 10.3.3.2, [MPa]; in calculating c.

however, [, shall be taken as 2.S;
h — height of load area as determined in sub-chapter 10.3.3.1; p & > 0.3 shall be

taken;
S — web frames spacing, [m].
If the supported stringer is outside the ice belt, the value of load F shall be mul-
tiplied by:
(-4
l
where:

hg, [; — see sub-chapter 10.3.6.2.
10.3.7.2 Section Modulus and Shear Area

10.3.7.2.1 For a web frame simply supported at the upper end and fixed at the
lower end (see Fig. 10.3.7.2.1), the section modulus shall be determined in accor-
dance with the formula:

(10.3.7.2.1-1)

M — maximum calculated bending moment under the load F, as specified in sub-
chapter 10.3.7.1 or k, - F-1;

(Y 3(1,) 1
k==L | -2 L] +L (10.3.7.2.1-2)
AW 201 /
¢ — coefficient specified in Table 10.3.7.2.2;
A — required shear cross-sectional area of the web frame determined in accor-

dance with formula 10.3.7.2.2-1 for factor &, determined in accordance with
formula 10.3.7.2.2-2, [cm’];

A, — actual shear cross sectional area of the web frame, [cm];

[, — distance from the lower support of the web frame to the stringer or longitu-
dinal in question, [m]; for the lower part of the web frame, the smallest /
within the ice belt shall be used; for the upper part, the biggest /r within the
ice belt shall be taken;

[ — span of web frame, [m].
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lf

NN\

Fig. 10.3.7.2.1 Web frame

10.3.7.2.2 With boundary conditions as specified in paragraph 10.3.7.2.1, the
shear area of the web frame shall be determined in accordance with the following
formula:

A= *%Q 104, [em’] (10.3.7.2.2-1)
where:
O — maximum calculated shear force under the load F' (see sub-chapter 10.3.7.1),
orQ=k, F;
TEANEIIAR
ky =1 +—(ij ——[ij (10.3.7.2.2-2)
2\ 1 2\ 1
or
1IN (LY
k, =3[Lj —l(ij (10.3.7.2.2-3)
201 201

whichever is the greater;
I F,l— see paragraph 10.3.7.2.1;
e — factor specified in Table 10.3.7.2.2.

Table 10.3.7.2.2

Ay /A 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
e 1.5 123 | 1.16 | 1.11 1.09 | 1.07 | 1.06 | 1.05 [ 1.05 | 1.04 | 1.04
c 0.0 044 | 0.62 | 0.71 | 0.76 | 0.80 [ 0.83 | 0.85 | 0.87 | 0.88 [ 0.89

A, A — cross-sectional area of flange and web plate, respectively, [cm”].
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10.3.7.3 Direct Calculations

10.3.7.3.1 For web frame configurations and boundary conditions other than
those specified in sub-chapter 10.3.7.2, a direct stress calculation shall be per-
formed.

Concentrated load on the web frame shall be determined in accordance with
sub-chapter 10.3.7.1. The point of application is in each case to be chosen in rela-
tion to the arrangement of stringers and longitudinal frames so as to obtain the
maximum shear forces and bending moments.

The allowable stresses are as follows:

— shear stress 7= R, , [MPa] (10.3.7.3.1-1)
V3

— bending stress o =R, , [MPa] (10.3.7.3.1-2)

— equivalent stress o, =+vo’ +37° =R,, [MPa]. (10.3.7.3.1-3)

10.3.8 Bow

10.3.81 Stem

10.3.8.1.1 The stem shall be made of rolled, cast or forged steel or shaped steel
plates. A sharp edged stem (see Fig. 10.3.8.1.1) improves the ship manoeuvrability
in ice and is recommended particularly for smaller ships with a length under 150 m.

Fig. 10.3.8.1.1 Example of suitable stem

10.3.8.1.2 Plate thickness of a shaped plate stem and in the case of a blunt bow,
any part of the shell which forms an angle of 30° or more to the centreline in
a horizontal plane, shall be calculated in accordance with the requirements speci-
fied in paragraph 10.3.4.2 assuming that:

s — spacing of elements supporting the plate, [m];
p1 = p, [MPa] (see sub-chapter 10.3.4.2);
I, — spacing of vertical supporting elements, [m].

10.3.8.1.3 The stem and the part of a blunt bow defined in paragraph 10.3.8.1.2
shall be supported by floors or brackets spaced not more than 0.6 m apart and hav-
ing a thickness of at least half the plate thickness.
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Stem reinforcement shall extend from the keel to a point 0.75 m above LWL or,
in case an upper forward ice belt is required (see sub-chapter 10.3.4.1) — to the
upper limit of this region.

10.3.8.2 Arrangementsfor Towing

10.3.8.21 A mooring pipe with an opening not less than 250 by 300 mm,
a length of at least 150 mm and an inner surface radius of at least 100 mm shall be
fitted in the bow bulwark at the centre plane.

10.3.8.2.2 A bitt or other means for securing a towline, dimensioned to stand the
breaking force of the towline of the ship, shall be fitted.

10.3.9 Stern

Introduction of new propulsion arrangements with azimuthing thrusters or
“podded” propellers, which provide improved manoeuvrability, will result in an
increased ice loading of the aft region. This fact shall be taken into account in the
design of the aft/stern structure.

10.3.9.1 An extremely narrow clearance between the propeller blade tip and the
stern frame shall be avoided as a small clearance would cause very high loads on
the blade tip.

10.3.9.2 On twin and triple screw ships, the ice strengthening of the shell and
framing shall be extended to the double bottom for 1.5 m forward and aft of the
side propellers.

10.3.9.3 Shafting and stern tubes of side propellers shall normally be enclosed
within plated bossings. If detached struts are used, their design, strength and at-
tachment to the hull shall be duly considered.

10.3.94 A wide transom stern extending below the LWL will seriously impede
the capability of the ship to back in ice, which is most essential. Therefore a tran-
som stern shall not be extended below the LWL, if this can be avoided. If unavoid-
able, the part of the transom below the LWL shall be kept as narrow as possible.
The part of a transom stern situated within the ice belt shall be strengthened as for
the midship region.

10.3.10 BilgeKeds

10.3.10.1 Connection of bilge keels to the hull shall be so designed that the risk
of damage to the hull, in case a bilge keel is ripped off, is minimized.

10.3.10.2 To limit damage when a bilge keel is partly ripped off, it is recom-
mended that the bilge keels be cut up into several shorter independent lengths.
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ANNEX Z1
CALCULATIONS OF BENDING MOMENT LIMIT VALUE

11 CHECKING OF THEHULL LIMIT STRENGTH
11.1  Preliminary Notes

11.1.1 The present Annex contains description of approximate method for de-
termination of dependences between values of bending moment M in the hull
cross-section and the curvature y of the deflection line, as well as for calculations
of the limit value M., of the moment M.
The method is incremental, and the calculations are of iterative character.
Method is described in paragraph 2.1.

11.1.2 Calculations method is applicable to the steel hull.

Determination of M,, for structures made of other materials shall be considered
separately.

12 Determining M —x Dependence

12.1  Approximate Incremental-iterative Method for Calculation of M—y
Dependence

12.1.1 Description of the Method

Dependence M — y is determined by incremental — iterative method presented
schematically on Fig. 2.1.1.

In this method limit value of the moment M,, in the hull cross-section is identi-
fied with the extreme value of the bending moment M on the graph of M(y) de-
pendence. The graph is determined by incrementally-iterative method.

In each iterative step the value of bending moment M; in the cross-section is de-
termined, which corresponds to the set value y, of curvature of the hull deflection

line.
The y; value is assumed in a form:

X=Xy T Ay, [1/m] (2.1.1-1)
where:
2.1 — value of the curvature in the previous step of calculations;
Ay — established increase in the curvature.

Increase in the curvature determines change of the value of the hull cross-section rotation
around its horizontal neutral axis angle.

Change of the rotation angle causes deformation & in the hull elements in the direction
along the axis of the hull, with values depending on the location of the elements.
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Values of normal stresses o in particular elements, corresponding strains, are
determined on the basis of dependence o — & with non-linearity consideration, e.g.
in elastic — plastic range of material strains.

Dependence o — ¢ is non-linear and, in connection with such stresses distribu-
tion o in particular elements of the hull cross-section, forces change neutral axis
position in each calculations step. New position of neutral axis in each calculations
step is determined iteratively, using the equilibrium condition of stresses in cross-section of
the hull.

After determination of neutral axis position and stresses o distribution in the
hull cross-section, bending moment M;, corresponding to given value of curvature
Zi» 1s determined in relation to neutral axis by summation of M; components from
particular elements constituting cross-section.

Incremental — iterative procedure consists of following calculation stages (see
also Fig. 2.1.1):

Stage 1 — division of the hull cross-section into stiffened panels;

Stage 2 — determination of dependence between stresses and strains (o — &) for
particular panels (see Table 2.2.1);

Stage 3 — assumption of preliminary value of the curvature y = y, = 0.01¢, (&, —
strains corresponding to o= R,) and determination of neutral axis posi-
tion in the first step of calculations;

Stage 4 — calculation of strains & = y(z; — zo) (z; — vertical co-ordinate of the ele-
ment, zo — neutral axis co-ordinate) and stresses o; in particular elements
of the hull cross-section;

Stage 5 — calculation of neutral axis co-ordinate z; corresponding to assumed
curvature y, which ensures compliance with the condition:
> Ao, =% A,0; ("i" elements — compressed, "/ " elements — tensioned,
A — element section area);

Stage 6 — calculation of bending moment M value corresponding to assumed cur-
vature, by summation of portions from particular elements of cross-
section:

M=Y|o,| 4

.
Zi =2y

Stage 7— comparison of the moment M with the relevant value corresponding to
the previous value of curvature.

If M increase is negative, and its absolute value is less than the preset
measurement accuracy of calculations, the calculations process is com-
pleted; M, = M is assumed.

Otherwise y is increased by Ay and the calculations shall return to
the stage 4.
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i+l

START

Step1: X =0

v

|Calculation of the neutral axis co-ordinate -1 |

v

Increase of the neutral axis curvature: ;X = Xi-1i+ A% |

v

Calculation of strains in particular elements
> of the hull cross-section, relating to curvature y;
and the neutral axis co-ordinate zy;.

h 4
Calculation of stresses & in particular elements _7 Dependance, /

corresponding to strains € G-¢

A v

Calculation of the new value of the neutral axis co-ordinate zy;
ensuring condition F =~ 0;
F — longitudinal force in the hull cross-section

Z0,i-1= Zo,i

Checking of the
neutral axis co-ordinate

|20,i— Z0-1] < &2

=%i

Calculation of bending moment M; corresponding to curva-
ture y;— by summation of components from particular  ——Jpp» Diagram
elements of the hull cross-section M(%)

NO

< X <Xr

YES
END

Fig. 2.1.1 Procedure for determination of M(y) dependence
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12.1.2 Assumptionsfor Incrementally-lterative Method of Calculations

When applying calculations procedure acc. to 2.1.1, following assumption shall

be made:

— Limit moment is determined in the hull cross-sections between neighbouring
transverse girders (bottom, sides, beams).

— The hull cross-sections remain flat at any value of curvature .

— Material (steel) becomes strained in elastic-plastic range.

— The hull cross-section is divided into finite number of elements between which
there is no feedback.

The above elements are:

— panels stiffened transversally or longitudinal stiffeners, with a plating strip,
2.2.1;

— rigid elements of the hull (in. regions of plates' connection which do not lie
in the same plane), the strength characteristics of which are formulated in
2.2.2.

— Bending moment M; in the hull cross-section corresponding to curvature y; of
the deflection line is calculated as an effect of stresses ¢ acting in particular
elements. Stresses o corresponding to strains ¢ directly dependent on the curva-
ture (increased in the following steps) are determined on the basis of nonlinear
dependencies o — ¢, determined for particular elements. These dependencies,
determined for various forms of element destruction, are provided in 2.2. The
smallest value oresulting from considered dependencies o — ¢is selected.

— The calculations are led until the value yr of the curvature, [1/m], determined
from formula (for the hull hogging and sagging) is obtained;

+0.003 My (2.1.2-1)
xr ==0. Z 1.2-
where:
E — Young's modulus, [MPa], (for steel £ =206 000 MPa);
I — the hull cross-section moment of inertia, [m*], determined according to re-
quirements of B/15.7;
M, — the lesser value of the two following:
M, =R, W, (2.1.2-2)
M, =R,W, (2.1.2-3)

R, — yield point, [MPa]
W4, W, — the hull section moduli in relation to the bottom and strength deck, [m’],
determined in accordance with principles provided in B/15.7.
If in the interval 0 < y < y, the maximum of function M(y) do not occur, calcu-

lations for y > y . shall be led — until the maximum value of M is found.
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12.2 Dependencieso— ¢
12.2.1 Plating Pandsand Stiffeners

Forms of capacity exhaustion of the stiffened panels and stiffeners provided in
Table 2.2.1 shall be taken into account.

Table2.2.1
Element of the structure The form of load limit exhaustion Dependencies o— ¢
Tensioned elements: Elastic-plastic strains Acc.t02.2.3
- panels stiffened transver-
sally;
- longitudinal stiffeners or
girders
Compressed longitudinal stiffeners or | Flexural buckling Acc.t02.2.4
girders Torsional buckling Acc.t02.2.5
Local buckling of stiffener web Acc.t02.2.6
/girders with face plate
Flat bars buckling Acc. t0 2.2.7
Compressed panels transversally Plates buckling Acc.t02.2.8
stiffened

12.2.2 Capacity of Rigid Elements

Rigid elements of the hull (e.g. regions of plates' connection which do not lie in
the same plane) exhaust their capacity, in general, in a form of plastic flow.

Relevant dependencies o — ¢ for tensioned or compressed elements shall be de-
termined acc. to 2.2.3.

12.2.3 Elastic-plastic Strains of the Hull Structure Elements

Elastic-plastic strains in the hull cross-sections of tensioned elements are de-
scribed by the following equations (see also Fig. 2.2.3)

oc=¢-R,, [MPa] (2.2.3-1)
where:
¢p=-1 for e<-1 (2.2.3-2)
p=¢ for —1<e<1 (2.2.3-3)
p=1for £2>1 (2.2.3-4)
g=%E (2.2.3-5)
gy
& —normal strains of the element (along hull axis)
R
& =— (2.2.3-6)
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Re -

Fig.2.2.3 Dependence o— ¢ for elastic-plastic strains

12.2.4 Flexural Buckling

Elastic-plastic strains o, —¢& of compressed stiffeners, corresponding to buck-

ling in a flexural form, shall be determined from the formula (see also Fig. 2.2.4):
A; +10b,12,

o, =900, ———— 2.24-1
crl ¢ cl AS +10Stp ( )
where
¢ — function defined in 2.2.3;
o, — critical stresses, [MPa]:
1
o, =2Edla o, <~ R,e (2.2.4-2)
& 2
R
on =R |1-Re g 5, > LR g (2.2.4-3)
4o 2
& — definedin 2.2.3;
o, — theoretical critical stresses, [MPa]:
2 ]E 4
oy =n E—10 (2.2.4-4)
Ap
I, — stiffener transfer section moment of inertia, [cm®], together with the plating
effective flange with width b, (for net thickness );
b., — width of the plating effective flange, [m]:
s
b, =— for f;>1.0 (2.2.4-5)

E
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b, =s for B, <1.0 (2.2.4-6)
- 103 1/‘9 R, (2.2.4-7)
s — stiffeners' spacing, [m];
t  — plating thickness (net), [mm];

<

A, — cross-section area of the stiffener with plating effective flange with width
b, ,[cm*] (for net thickness);
b, — value of effective width of plating strake:

by = 2.25 —sz s for B, >1.25 (2.2.4-8)
Pe B
b, =s for B, <1.25 (2.2.4-9)
AcScr]
f -

€

Fig. 2.2.4 Dependence O .., — & (pictorial)

12.25 Flexural Buckling

Elastic-plastic strains o, —& of compressed stiffeners, corresponding to buck-
ling in a torsional form, shall be determined from the formula (see also Fig. 2.2.5):
A;0., +10st 0,

O.,= , [MPa 2.2.5-1
cr2 ¢ AS +10Stp [ ] ( )

where:
¢ — function defined in 2.2.3

0., — critical stresses:

o,=25 for o, <iRs (2.2.5-2)
& 2
R 1
o, =Re(1+ 4 ng for oy, >~ R.& (2.2.5-3)
o 2
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o0, — theoretical critical stresses, [MPa], calculated acc. to B/13.5.3.3;
& — defined in 2.2.3;

A, — stiffener transverse section area (net), [cm’];
S,t,— defined in 2.2.4;
o, — critical stresses of compressed plating, [MPa]:
225 1.
o, = 1 2? for g, >1.25 (2.2.5-4)
ﬁ E ﬂE

o, =R, for B, <1.25
Br — factor defined in 2.2.4.

A cch

>

€

Fig.2.2.5 Dependence O ., — & (pictorial)

12.2.6 Buckling of Stiffenersor Girder Webswith Face Plates

Elastic-plastic strains o, — & compressed webs of stiffeners or girders with fa-

ce plates, associated with local web buckling, shall be determined from the for-
mula:

o = 4R 10°byt, + hyyt,, + b, 1,

e 1n3
10°st, +h,-t,+b, 1,

, [MPa] (2.2.6-1)

where:

¢ — definedin2.2.3;
bE,S,tp — defined in 2.2.4;

h_ — web height, [mm];

w

t, — web net thickness, [mm];
b, — face plate width, [mm];
t, — face plate net thickness, [mm];

— effective web height, [mm]:

>
S
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By, =| 220 1'2,3 h, for B, >1.25 (2.2.6-2)
ﬂw ﬂw

By, =h, for B, <1.25 (2.2.6-3)

h, |eR

v e
B, . VE

& — defined in 2.2.3.

12.2.7 Local Buckling of Flat Bar Stiffeners

Elastic-plastic strains o, — & corresponding to local buckling of stiffeners in

a form of flat bar, shall be determined from the formula (see also Fig. 2.2.7):

10st, -0, + 4, -0

Cas =0 107, = [MPe]
where:
@ — defined in2.2.3;
8,1, - defined in 2.2.4;
A, — stiffener transfer section area (net), [cm?];
o — acc.to2.2.5;

o,., — critical stresses:

_U
604_

for o, SlReg
£ 2

R 1
0.4 :R{l—M] for oy >=R, ¢
O g4 2

o0, — theoretical critical stresses, [MPa]:

w

2
G = 160000[2—W]

& — defined in 2.2.3.

(2.2.7-1)

(2.2.7-2)

(2.2.7-3)

(2.2.7-4)
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A Gcr4

>

€

Fig. 2.2.7 Dependence O ., — & (pictorial)

12.2.8 Buckling of the Plating Transversally Stiffened

Elastic-plastic strains o s — & corresponding to plates' buckling of transversally
stiffened plating shall be determined from the formula:

o =R|> 225—”? +0.1(1—5j 1+L2 . [MPa]  (22.8)
I\ P P ! B

where:
s — stiffeners spacing, [m];
[ — length of the plate side in transverse direction (e.g. equal to spacing of the

longitudinal girders), [m];
Pr — defined in 2.2.4.
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