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Pt E, Ch 1, Sec 1

Section 1 ARMOUR

1 General

1.1 Introduction

1.1.1 During their operation, naval ships may be exposed to specific threats induced by weapons shoots. The threats may result from:
¢ bullets and other high performance projectiles

¢ splinters from external or internal blasts.

Naval ships are commonly protected from these threats by armour plate, armour compound or other adequate means.

The threats and corresponding levels of protection are defined by the Naval Authority.

1.2 Application

1.2.1 The additional class notation ARMOUR is assigned in accordance with Pt A, Ch 1, Sec 2, [6.2.1], to ships fitted with a
protection by armour, when the requirements of Articles [2] to [4]of this Section are complied with.

2 Documentation

2.1 Document for information

211 Confidentiality

The documentation relating to the ARMOUR notation is treated as confidential, in accordance with the Society General
Conditions (item 11), and any additional confidentiality level defined by Naval Authority, if any.

2.1.2 Armouring table
The following documentation is to be consolidated in an “armouring table” to be submitted to the Society for information:

e list of protected areas / compartments / structural modules. The concerned protected areas should be clearly described, in
longitudinal - transverse - vertical location and in extend

¢ nature of armour components, for each protected area in the above list. In particular, the following information should be
documented:

- armour mechanical properties
- thickness of different barriers or protective plates
- armour configuration in simple / double plates, gaps, etc.
The armour components should be duly identified by a reference such as to allow management of information without ambiguity
(see Article [3]).
¢ for each armour component of the above list:
- description of the connection arrangement and the connection means to the ship structure (welding, bounding, bolting, etc)
- load-carrying capability for normal loads exerted during navigation or operation in peace-time
- possible welding restriction on the armour plate after installation on board, if any.

The above armouring table submitted to the Society should evidence formal acceptance by the Naval Authority.

3 Armour requirements

3.1 Strength

3.1.1 Special attention should be given to the connection of the armour components listed in the armouring table with the
surrounding ship structural elements.

In particular, the following should be checked:

e the ship structure should be adequately reinforced to support the weight of the armour components

¢ the details of ship structure reinforcements should be shown on structure drawings submitted to the Society

¢ the external or internal loads during navigation or operation in peace-time should not be transferred to the armour
component, if it is specified as non load-carrying in the armouring table.
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3.2 Stability

3.2.1 The stability documentation submitted for the ship should adequately take into account the relevant datas of the amour
components (weight, location on board, etc.).

3.3 Fire safety

3.3.1 Armour including combustible materials will be considered on a case by case basis.

4 Surveys

4.1 Construction Surveys

411 Welding
In case the armour component is welded to the ship structure, the relevant Welding Procedure Specification should be subject
to Classification acceptance.

41.2 Compliance with armouring table
The presence on board of various armour components is checked during Surveyor’s inspection, on basis of the armouring table
specified in [2.1.2].

4.1.3 Installation on board
The fitting on board is checked based on the documents mentioned in [3.1].

G
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Section 2 SHOCK

1 General

1.1 Assignment of the additional notation SHOCK

1.1.1  Condition for assignment

The additional class notation SHOCK is assigned to a ship which complies with the requirements of both the notations SHOCK
STRENGTH and SHOCK EQUIPMENT described in [1.2] and [1.3] respectively. In this case, the notation SHOCK replaces the
notations SHOCK STRENGTH and SHOCK EQUIPMENT.

1.2 Assignment of the additional notation SHOCK STRENGTH

1.21 Scope

The additional class notation SHOCK STRENGTH is assigned to a ship in order to certify that measures are taken to increase her
survivability following threat damage to the structures from an assigned underwater non-contact explosion. This notation
considers loads coming from underwater non-contact explosions of either submarine mines or torpedoes.

1.2.2 Condition for the assignment

The assignment of the notation SHOCK STRENGTH implies that a detailed structural analysis or a test have been carried out, for
compliance with Articles [2], [3] and [4] taking also into account the dynamic vertical bending and vibrations that can be
induced by the assigned underwater non-contact explosion. Details of the calculations and testing methods and the structural
performance achieved, based on the specified loads, will not be published and will be only disclosed to the Naval Authority.
1.2.3 Documentation to be submitted

The following confidential input data are to be submitted for information:

¢ the loading scenarios, as defined in [2.2]

¢ the description of the calculation procedures

¢ the assumptions made

¢ the details of the software used and its validation as appropriate

¢ the summary of the results obtained.

1.2.4 Assignment of the notation

If requested by the Naval Authority or by the Shipyard, the SHOCK STRENGTH notation is assigned by the Society if the
acceptance criteria specified in this Section are fulfilled.

1.3 Assignment of the additional notation SHOCK EQUIPMENT

1.3.1 Scope

Pieces of equipment which are required to resist, to a certain extent, the shock loads due to an underwater explosion near the
ship are to comply with the requirements of Articles [5] and [6].

The notation SHOCK EQUIPMENT may be assigned to ships where a list of specified pieces of equipment have been satisfactorily
shock tested and subsequently fulfil the shock resilience criteria specified by the Naval Authority for the applicable design shock
level.

1.3.2 Conditions for assignment
The assignment of the notation SHOCK EQUIPMENT is contingent upon the application of the following steps:

a) the critical pieces of equipment are specified by the Naval Authority

b) miscellaneous shock levels are defined by the Naval Authority

¢) miscellaneous performance criteria are defined by the Naval Authority

d) each piece of equipment is associated to one or several shock levels and performance criteria
e) shock testing for the given shock level is performed for each equipment

f) performance criteria for equipment after shock testing is evaluated.
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1.3.3 Documents to be submitted

For each piece of equipment required to be assessed under shock conditions, the following documents are to be submitted for
review:

a) equipment general arrangement drawing, showing actual possible orientation on board
b) detailed supporting arrangement, including mountings specifications and arrangement

c) design shock level applicable.

2 Principles of the additional notation SHOCK STRENGTH

21 Underwater explosions

211 Non contact underwater explosions

A non contact underwater explosion is an explosion caused by the detonation of either a submarine mine or a torpedo warhead
occurring at a distance such that the effects of the gas bubble impinging directly on the ship structures are negligible.

2.1.2 Bubble evolution and loading mechanisms

The evolution of the bubble and the corresponding field pressure, without any obstacle, is schematically shown in Fig 1. This
implies two types of loading mechanisms:

¢ shock wave

¢ bubble pulsations.

Two types of loadings have fundamentally different physics and do not have the same consequences on the ship structure. The
duration of the shock wave is extremely small (few milliseconds) and it affects the local hull structure as described in Article [3],

while the duration of the pressure pulses are much longer and can induce the global hull girder vibrations (whipping) as
described in Article [4].

21.3 Whipping
Whipping is defined as the transient beam-like, low frequency response of a ship caused by external transient loading.

Figure 1 : Evolution in time of the pressure field and the gas bubble migration process
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2.2 Loading scenarios

2.21 Description of loading scenarios
A loading scenario is defined by a charge and its location with respect to the ship:
w :  Charge mass of TNT equivalent, in kg

Rw : Distance, in m, between the center of the explosion and the point, in the plane of the explosion perpendicular to the
longitudinal axis of the ship, defined as the intersection between the waterline and the longitudinal plane of
symmetry of the ship

ow : Relative angle of the charge location with respect to the free surface, as shown in Fig 2.
Xw : Longitudinal position of the center of the explosion with respect to the midship section.
;lvu VE",
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Figure 2 : Definition of the charge position
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2.2.2 Specification of loading scenarios
The loading scenarios to be used should be specified by the Naval Authority.

2.2.3 Shock factor
A quantity used to characterize the severity of the shock wave is called shock factor and is defined by the following expression:

R
where:
R : Standoff distance i.e. the distance from the charge to the closest hull point, in m, as shown in Fig 2.

This quantity is often used to specify the loading scenarios. It should however be complemented by the value of the mass W and
the depth of the charge (or its relative angle aw).

2.2.4 Remarks

For a given charge W, the worst case for the local structural response to shock wave, is the one corresponding to the smallest
distance from the center of explosion to the hull. However for the global whipping response, the worst loading scenario may not
be the one with the smallest distance to the hull. Hence, as far as whipping analysis is considered, several distances, higher than
the minimum distance specified in the loading scenarios should be considered in the computations.

3 Local structural response to shock wave

3.1 Shock wave modelling

3.1.1  Free field pressure
In the vicinity of the detonation point, the shock wave can be mathematically described as an acoustic pressure field travelling
at the speed of sound with the amplitude inversely proportional to the distance and exponentially decaying in time:

pO = pmax exp ('t/e)

Prax : Maximum pressure at the distance R from the detonation point, in MPa
B \/\/1/3)/\1
Pmax_ Kl( R
t : Time, ms
0 : Decay constant depending on the type of charge, in ms
1/24 Ay
9= szl/s(WR )

The differents constants depend on the type of charge and their values should be agreed with the Society. In the absence of data
the values for TNT can be used (see Tab 1).

Another important quantity is the energy per unit area (in MJ/m?), and is given by:

2
E = erElX
2-p-c
JU Vfﬁ
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where:
p : Sea water density to be taken equal to 1025 kg/m?
C : Speed of sound in sea water to be taken equal to 1500 m/s

This energy per unit area is roughly proportional to the square of the Shock Factor.

Table 1 : Charge dependent constant

K1 Al K2 A2
52,12 1,18 0,09 -0,185

3.1.2 Loading pressure

The maximum pressure p,,., can be supposed to occur almost instantly (zero rise time) and the expression (see [3.1.1]) represents
the pressure for the field without obstacle. In order to calculate the effective loading pressure p, to be applied on the hull wetted
surface, the diffraction effects are to be taken into account. In the absence of more detailed diffraction analysis, the free field
pressure p, could be multiplied by 2.

PL=2po
3.2 Structural response

3.21 General

The structural response to the shock pressure loading defined in [3.1.2], needs to be evaluated by appropriate methods. The type
of modelling depends on the complexity of the structural elements.

3.2.2 Plating

In the case of plating a simplified approach may be accepted. This approach might be based on the quasi static assumptions or
the simplified dynamic analysis can be employed with the analytical definition of the mode shapes.

3.23 Stiffened panels

The structural response of the stiffened panels is to be evaluated using the appropriate nonlinear structural dynamic analysis
applying the pressure loading time history defined in [3.1.2]. The strain rate effects should be accounted for in the analysis. Any
other alternative numerical method may be accepted on a case-by-case basis.

3.3 Acceptance criteria

3.3.1 Whatever the approach used for the evaluation of the structural response, the calculated strain should not exceed the strain
corresponding to the maximum stress in the stress-strain (c,€) curve of the corresponding material.

4 Global whipping response

4.1 Evaluation of the dynamic response

411 General

The mathematical model of the hull girder dynamics should combine the following steps:
e pressure bubble dynamics

¢ ship hull hydrodynamics

¢ ship structural dynamics

¢ coupled hydro-structure dynamics.

41.2 Gas bubble dynamics

The gas bubble is pulsating in the surrounding water with the motion tendency to approach the free surface (see Fig 1). As a first
approximation the presence of the free surface can be ignored. The practical consequence of this assumption is that the gas
bubble keeps the spherical shape during the pulsations, which significantly simplifies the analysis.

The basic assumptions of the mathematical model of the bubble dynamics are:

e the fluid is incompressible and inviscid

¢ the presence of the ship does not affect the bubble evolution.

Based on the above assumptions, the differential equation for the instantaneous radius of the gas bubble, its first and second time
derivatives, can be built and is to be solved in time domain using the recognized numerical techniques. The different parameters
of the differential equation should be agreed with the Society. Among the acceptable methods the Double Asymptotic
Approximation (DAA) is recommended.

When deemed necessary, the presence of the free surface should be accounted for using the appropriate mathematical model
which has to be approved by the Society.
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4.1.3  Ship hull hydrodynamics

While vibrating, the hull surface in contact with the water will induce the dynamic pressure which should be taken into account
in the global interaction model. The final effect of the induced dynamic pressure can be modelled using the concept of the added
mass. The pressure is to be calculated using the recognized 2D/3D potential flow numerical approach. The variation in time of
the hydrostatic buoyancy forces should also be taken into account.

4.1.4 Ship structural dynamics

The modal approach is recommended to describe the global structural dynamics and a sufficient number of modes needs to be
accounted for, typically more than 20.

41.5 Coupled hydro-structure dynamics

The coupled hydro-structure interaction motion equation is to be solved. The gas bubble excitation vector is obtained after
projecting the gas bubble pressure [4.1.2] into the hull girder modes and integrating it over the wetted hull surface. The dynamic
equation is to be integrated in time and the time history of the vertical bending moment along the ship is to be evaluated. The
maximum value of the whipping bending moment at each section is denoted by My,,(x) and this value is to be used to check
the acceptance criteria.

4.2 Acceptance criteria

4.2.1 The maximum whipping bending moment My;,(%) is to satisfy the following criteria:

M. (%)
Muwhi <
whip(X) s

where:
Mux) : Ultimate bending moment capacity, see Pt B, Ch 6, Sec 3, [2.3.1]
Y Ym : Partial safety factors, see Pt B, Ch 6, Sec 3, [1.3.1].

4.3 Alternative method

4.3.1 Alternative methods may be used if duly justified and adequately documented to the satisfaction of the Society.

5 Principles of the additional notation SHOCK EQUIPMENT

5.1 Schok levels

5.1.1 Stanag 4549

Stanag 4549 refers to NATO standard Stanag 4549 Edition 1 - Testing of surface ship equipment on shock testing machines. The
requirements of this section are in line with the principles identified in this standard, which is considered a recognized standard
for shock testing.

5.1.2 Shock response spectra (SRS)

A shock response spectrum is the visualization of the maximum responses of an assembly of massless oscillators (fictitious single
degree of freedom systems), having a range of natural frequencies (f), to a given shock motion of the base.

Each shock corresponds to a different time history of acceleration, and reproducing exactly such time series of acceleration is
not possible with chock testing machines. This SRS is therefore a way of characterization of a given shock level, which can then
be compared to actual shock testing machine motion measurement during the testing phase and ensure that the test is indeed
representative of the shock level.

The SRS may be graphically represented on a specific grid shown in Fig 3, and defined as follows:
¢ Horizontally, the natural frequency is plotted using logarithmic scale.

¢ Vertically, on a logarithmic scale, there the “pseudo velocity” ®, Z,..,, where Z,., is the absolute value of the maximum
relative displacement between the base and the mass of the single degree of freedom system, either occurring during the
excitation or thereafter. That is a maximax shock spectrum. The angular natural frequency is:

o = 2xf
¢ Inthe graph, a decade in frequency and a decade in pseudo velocity are to be represented by a same length, preferably 50 mm.

¢ The graph must show lines rotated 45° anti-clockwise from the horizontal position. These being lines of constant relative
displacement Z,,.,.

¢ The graph must show lines rotated 45° clockwise from the horizontal position. These being lines of constant absolute
acceleration, W2|Z,,,|, of the masses.

¢ The grid as shown in Fig 3 must have 10 equidistant steps on a linear scale for each decade. This applies to f, |Z,..|, ®|Z .|
and 0?|Z,..|-
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Figure 3 : Typical grid for representation of SRS
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5.1.3 Design Shock Level

In order to define the design level of shock motion, a number of standardized shock levels may be defined using 3 parameters
SRS parameters, each of these parameters corresponding to a straight line on the grid shown in Fig 3:

¢ the maximum relative displacement d,, in meters
¢ the maximum pseudo velocity vy, in m/s

¢ the maximum absolute acceleration a,, in m/s2.

It is generally defined in the frequency range from 4 to 400 Hz:
a) In the lower frequency range between 4 Hz and f; a constant relative displacement.
b) In an intermediate frequency range between f; and f,, a constant pseudo velocity ®, in m/s:
o |do| =vo
Occasionally f; and f, may coincide.
c) In the higher frequency range between f, and 400 Hz, a constant absolute acceleration ®?, in m/s?:
@ [do| = a,
The actual shock levels required for each project are to be specified by the Naval authority and in order to define the Design
Shock Level for each equipment, in one the following formats:
¢ afull SRS directly derived from a design shock level acceleration history

¢ astandard shock response spectrum NS(d,, v,, ao).

Note 1: f; and f, depend on the values for dy, in m; vy in m/s and a, in m/s:

f, = v/2nd,

f=ay/2m v,

In order that f, > f, it is a requirement that v, < (agdy)®°. The SRS is then entirely defined by these three numerical values.

Note 2: Use of NATO Standardized Shock Levels: NATO Standardized Shock Levels based on such SRS are defined in Stanag 4549, and is
identified in with the following term:

NS (relative displacement ; pseudo velocity ; absolute acceleration)
For instance, NS(0,035 ; 3,5 ; 1250) means a NATO standard level of:
e 35 mm relative displacement between 4,0 and 15,9 Hz

e 3,5 m/s pseudo velocity between 15,9 Hz and 56,8 Hz and

e ~125 g absolute acceleration between 56,8 Hz and 400 Hz.
Applications are foreseen within the following ranges:

e 0,025<d,<0,100

e 25<v,<16

e 250<a,< 10,000
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5.1.4 Acceleration time history

The shock level can also be specified as an acceleration time history, giving the acceleration (velocity, or displacement) as a
function of time. This time history is generally given by the Naval Authority.

In case only a Design Shock Level or a SRS is given, a simple sinusoidal time history, as shown in Fig 4, may be used. The Shock
Response Spectrum corresponding to this time history should be computed, and compared to the required Design Shock Level
or SRS. The comparison of the spectra is done as specified in [6.1.5]. The various parameters of this simple time history should
be tuned until the comparison with the required spectrum is satisfactory.

Figure 4 : Sinusoidal acceleration history
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6 Assessment of Equipment

6.1 Assessment by testing

6.1.1 General
Each piece of equipment is to be shock tested in accordance with the requirements of this Section, or following another
recognized standard. In particular, these requirements are in line with Stanag 4549.

6.1.2 Arrangement of mountings
The mountings are to be in the same configuration as on board installation during the testing.

When such an arrangement, that is, equipment on mountings, has passed the tests as specified herein, the equipment without
mountings or on another type of mountings will not be considered to be in compliance with this Section.

If equipment is on mountings, then other links such as cables and piping may considerably enhance the total stiffness of equipment
“suspension”. Depending on the actual situation, these additional connections should also be simulated during testing.

The mounting arrangement plan on board and for testing is to be submitted for review.

6.1.3 Shock direction and attachment to the shock testing machine
Shock in three different shipboard directions are to be simulated by three separate tests:

a) vertically (sense upwards)
b) athwartships (sense not specified)
c) fore and aft direction (sense not specified).

During a test as mentioned under test (b) or test (c) it is allowed to apply at the same time an (unspecified) shock as mentioned
under test (a). This is usual practice for some testing machines during so called inclined testing.

Depending on the foreseen orientation of each type of equipment on board, the relevant testing configurations are
required with reference to the equipment local axis (X, Y and Z).

The equipment including its mounting system (if any; see [6.1.2]) is attached through its normal attachment points to the shock
testing machine, either directly or by means of fixtures. The attachment and the fixtures are to be such that the measured results
are reproducible and that no plastic deformation occur other than in the mountings.

6.1.4 Required test verification
For a given design shock level, the actual shock testing is different according to the testing directions defined in [6.1.3] and
applicable depending on the testing cases according to Tab 2.

The tests are to be carried out according to the following requirements:

a) for the test in the upward vertical direction the design shock level as defined in [5.1.3]is to be applied

b) for the test in the athwartships direction a similar spectrum should be used having as a minimum 50% of the d,, v,, a, values
for the vertical test

c) for the test in the fore and aft direction a similar spectrum should be used having as a minimum 25% of the d,, v,, a, values
for the vertical test.

A test for a given equipment comprises at a minimum 3 shocks.

The shock the equipment is subjected is to be measured in accordance with Stanag 4549 or another recognized standard.
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Table 2 : Applicable test case depending on equipment orientation on board

Case 1 Case 2 Case 3
iny one single possible Or.ﬂy the Yertlcal axis Qf the The equipment may be mounted
orientation on board for the equipment is known, with one

equipment (1) single face point upwards (2) 'n any orientation

test (c) fore and aft direction (sense | test (b) athwartships (sense not

Equipment local X axis test (a) vertically (sense upwards)

not specified) specified)
. .| test (b) athwartships (sense not test (b) athwartships (sense not .
Equipment local Y axis specified) specified) test (a) vertically (sense upwards)

Equipment local Z axis | test (a) vertically (sense upwards) | test (a) vertically (sense upwards) | test (a) vertically (sense upwards)

(1) In that case, Z is considered as the vertical axis, and X is considered oriented in the longitudinal direction of the ship
(2) Inthat case, Z is considered as the vertical axis, X and Y axis may be either in the longitudinal or transversal direction
of the ship

6.1.5 Comparison of spectra
The acceleration measured during the test is to be converted in a Shock Response Spectrum. The required design shock

level is considered to have been met during testing if all measured SRS exceed the required spectra, with the exception of minor
excursions.

A measured response spectrum is to exceed the required three-line spectrum, with the exception of frequency ranges where
minor excursions occur below the required spectrum.

Further definitions of tolerances, with examples can be found in Appendix 3 to Annex A of Stanag 4549.

6.1.6 Shock testing report
A shock testing report is to be submitted to the Society for review for each equipment, detailing at least the following information:

a) Equipment description:
1) The name and address of the supplier or manufacturer

2) References to drawings and full description of equipment as accepted. If modifications during shock testing were
introduced and found appropriate during successive testing, such modifications are to be fully documented

3) The weight and general overall dimensions of the equipment as tested

4) Description of any mounting system used to support the equipment during the test including the number of mountings
fitted, their load range, their location, the type number and the name of the manufacturer of the mountings.

b) Description of actual shock testing:

1) reference to testing standard

2) reference to the project applicable design shock level

3) description of the testing machine

4) identification of testing authority

5) detailed installation of the equipment during the test, including mountings
6) description of each test

7) description of the instrumentation

8) for each test, measured velocity signals and maximal shock response spectra.
c) Description of the performance test:
1) definition of the acceptance criteria for equipment function after shock, according to specified shock resilience criteria
2) description of any damage
3) functional performance tests results.

d) General conclusion with acceptable status from the testing authority.

6.2 Assessment by computations

6.2.1 General

As an alternative to the testing, the assessment of large and heavy mechanical components (such as shaft lines, reduction gears,
main engines foundations, diesel generators foundations) may be performed based on computations for which the applied
methodology is accepted by the Naval Authority.

6.2.2 Type of computations
Dynamic structural analysis should be used based on a structural model of the equipment.
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6.2.3 Loading
The structural model is to be loaded by an imposed acceleration time history, as defined in [5.1.4].

6.3 Acceptance Criteria

6.3.1 An equipment is deemed to be qualified for a given design shock level after satisfactory review of an approved test report
in accordance with Stanag 4549 and [6.1.6]. For components for which the assessment is based on dynamic structural analysis,
the acceptance criteria is to be defined by the Naval Authority.

6.4 Alternative Methods

6.4.1 Any other alternative methods or reference standards that are used to assess the pieces of equipment to be covered by the
additional class notation SHOCK EQUIPMENT may be considered on a case-by-case basis.
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Section 3 Residual Strength

1 General

1.1 Application

1.1.1 This Section applies to ships for which the residual hull girder ultimate strength under damage condition is evaluated
according to minimum hull damage scenarios and rule wave hull girder loads defined in Article [2].

Ships complying with the requirements of this Section may be granted with the additional class notation RS-P.

2 Design requirements

2.1  Minimum damage scenarios

2.1.1 The two following damage scenarios are to be considered independently between 0,2 L and 0,8 L:
e in-air damages as defined in [2.1.2]
¢ under-water damages as defined in [2.1.3].

The damage extents defined in [2.1.2] and [2.1.3] are to be measured from the moulded lines of the ship.

Stiffeners are to be considered intact unless the connection of stiffener with attached plate is included in the damage extent.

21.2 Transverse extent for in-air damage

The damage extends from the point of intersection of the side shell and the uppermost continuous deck:
¢ vertically downward for a distance D/4

¢ transversally inboard for a distance B/2

where B and D are defined in Pt B, Ch 1, Sec 2.

2.1.3 Transverse extent for under-water damage
The damage extends from the point of intersection of the keel line and the side shell:
¢ vertically upward for a distance D/5

¢ transversally outboard in one direction for a distance B/3.

where B and D are defined in Pt B, Ch 1, Sec 2.

2.2 Hull girder residual strength check

2.21  Hull girder loads
The vertical bending moment Mp, in kN.m, to be considered for the check of ultimate hull girder strength in damaged condition,
is to be obtained from the following formula:

¢ in hogging condition:

Mp i = Mg iy + 0,825 My
* in sagging condition:

Mps = Mg s + 0,825 My s

where:

Mswy + Maximum still water bending moments calculated in hogging condition, as defined, in Pt B, Ch 5, Sec 2, [2.2]
Msws :+ Maximum still water bending moments calculated, in sagging condition, as defined, in Pt B, Ch 5, Sec 2, [2.2]
Mwyn @ Vertical wave bending moments calculated in hogging condition, as defined, in Pt B, Ch 5, Sec 2, [3.1]

Mwvs : Vertical wave bending moments calculated in sagging condition, as defined, in Pt B, Ch 5, Sec 2, [3.1]

2.2.2 Hull girder ultimate bending capacity in the damaged condition

The hull girder ultimate bending capacity in damaged condition M, in kN.m, is to be calculated in hogging and sagging
conditions according to Pt B, Ch 6, App 1, with the damaged parts assumed not to contribute to the hull girder strength.
When assessing the ultimate bending capacity of the damaged hull transverse sections:

e damaged area as defined in [2.1] is to be removed from the capacity model

e the hull girder longitudinal members are to be considered with their net scantlings according to Pt B, Ch 6, Sec 1, [2].
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2.2.3 Checking criteria
The vertical hull girder ultimate bending capacity in the damaged condition at any hull transverse section located between 0,2 L
and 0,8 L is to satisfy the following criteria:

Muyp > M,
YRYm
where:
Mup ¢ Ultimate bending moment capacity of the hull transverse section considered, in kN.m:
¢ In hogging condition:
MUD = MUD, H
¢ In sagging condition:
MUD = MUD, S
Mp : Vertical bending moment, in kN.m, defined in [2.2.1]
Von : Partial safety factor for material defined in Pt B, Ch 6, Sec 3
TR :  Partial safety factor for resistance defined in Pt B, Ch 6, Sec 3.
JU Vfﬁ
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Section 4 FFS

1 General
1.1 Scope

1.1.1 The additional class notation FFS is assigned in accordance wit Pt A, Ch 1, Sec 2, [6.2.4] to ships provided with flooding
fighting systems allowing to cope with the ingress of great amount of water resulting from a hull damage, or a sea water pipe
breaking, by maintaining ship functions totally or partially as considered by the Naval Authority and by maintaining at a limited
level the flooding of the compartment suffering a water ingress

1.2 Application

1.21 Compartments to be covered

Flooding fighting systems are to be provided, covering, as a minimum, the largest machinery compartment and the compartments
containing the main propulsion prime movers and associated main energy sources.

1.3 Definitions

1.3.1 Clean bilge system

Clean bilge system, also called bilge system in this section, means the bilge system required by Pt C, Ch 1, Sec 10, [6] in any
watertight compartment other than spaces permanently dedicated to the carriage of fresh water, ballast water, fuel oil or JP5-
NATO (F44) and for which other efficient means of pumping are provided, under all practical conditions.

1.3.2 Flooding fighting system

A Flooding Fighting System (FFS) includes suction and overboard discharge piping, pumps, ejectors, and associated
instrumentation and control system.

1.4 Documents to be submitted
1.4.1 The documents listed in Tab 1 are to be submitted.

Table 1 : Documentation to be submitted

No. I/A(1) Documents
1 A Diagram of the flooding fighting piping systems
2 A Capacity, prime mover and location of the pumps and ejectors
3 I Overboard discharges of FFS piping systems showing positions related to the deepest subdivision waterline
4 I Pressure loss calculations in case of a FFS serving several compartments
5 A Material, external diameter and wall thickness of the pipes
6 A Material, type and size of the accessories
7 I Nature, service temperature and pressure of the fluids used for the operation of the FFS
8 A Type of connections between pipe lengths, including details of weldings, where provided
9 A Location of the controls of the flooding fighting systems
10 I Pump approval certificates
11 I Drawings showing the design of the on-board testing devices if any
12 I List of compartments protected by a FFS approved by the Naval Authority
13 A Construction drawing of the pumps and ejectors
14 I Characteristics of the means of pumping, flow versus AP
15 I Drawings of the priming devices and related operation instructions
16 I Material characteristics of pumps and ejectors
17 I Workshop test results for the means of pumping
(1) A: To be submitted for approval; I: To be submitted for information
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2 Design of flooding fighting systems

2.1 General

21.1 Segregation by compartment

An FFS is normally to serve a single watertight compartment.

Several compartments may however be served by the same FFS provided:
a) they are located in the same safety zone.

b) the FFS can manage one single damage for the most demanding compartment. When required by the Naval Authority, the
FFS may be required to cope with damages on several compartments. Calculations showing possibility of operating such
common piping systems and pumps taking into account the pressure losses are to be provided.

c) the branch of the flooding fighting system serving one compartment can be isolated from the rest of the system by a valve
able to be maneuvered locally and remotely from a position located on or above the damage control deck.

d) the risk of progressive flooding and the risk of flooding a healthy compartment when pumping water from a damaged
compartment are avoided.

21.2 Location

a) Location of pipes and pumps with respect to the ship side: flooding fighting means of pumping and piping system are not to
be situated at a distance less than B/5 from the ship side, where B is the ship's width. This does not apply to the portion of
piping leading the water to the overboard discharge at the ship side.

b) Compartment completely located inside the B/5 area: in case this kind of design has been chosen:
1) means of pumping are to be installed outside the compartment
2) the associated piping system inside the compartment is to be installed as far away as possible from the side of the ship

3) avalve able to isolate the portion of the piping system located inside the flooded compartment from the rest of the
flooding fighting system is to be installed. This valve is to be able to be manoeuvred locally and remotely from a position
located on or above the damage control deck and an indication is to be provided at the damage control station showing
the actual position of the valve or whether the valve is fully closed or fully open.

c) location of the flooding fighting system controls : the controls of each FFS are to be grouped at one location per system on
or above the damage control deck. An instruction notice is to be displayed close to the controls.

d) the overboard discharges of the flooding piping systems are to be located above the deepest subdivision waterline unless a
calculation is provided assessing the ability of the system to operate with overboard discharges below the deepest subdivision
waterline. In any case, the overboard discharge is to be fitted with a valve operable from a position on or above the damage
control deck and an indication is to be provided at the damage control station showing the actual position of the valve or
whether the valve is fully closed or fully open.

2.1.3 Pooling clean bilge system
Pooling the clean bilge system and flooding fighting system together may be considered by the Society if agreed by the Naval
Authority and provided:

a) the clean bilge system is serving only the compartments considered for the flooding fighting system
b) requirements for both the clean bilge system and the flooding fighting system are applied.

When the compartment or group of compartments is also served by a bilge system and by an emergency bilge system, as required
by NR467 Pt C, Ch 1, Sec 10, [6], pooling the emergency bilge system and flooding fighting system together may be considered
by the Society if agreed by the Naval Authority and provided:

a) the emergency bilge system is serving only the compartments considered for the flooding fighting system
b) requirements for both the emergency bilge system and the flooding fighting system are applied.

2.2 Design requirements

2.2.1 Unless otherwise mentioned in this section, rules for piping systems mentioned in Pt C, Ch 1, Sec 10, [1] to Pt C, Ch 1,
Sec 10, [5] and Pt C, Ch 1, Sec 10, [19] are to be complied with. The FFS is to be considered as a bilge system for the purpose
of applying material-related requirements.

2.3 Means of pumping

2.3.1 Arrangement of the means of pumping
For each flooding fighting system, at least two fixed means of pumping are to be provided including at least one power pump.

2.3.2 Capacity of the means of pumping
The pumping capacity for the flooding fighting system in each compartment referred to in [1.2] is to be not less than the capacity
determined by the following formula:

Q = 0,36W*"’f2gh
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where:

Q : Total capacity of pumps serving the compartment(s), in m*h

w : Volume of the compartment(s), in m*. In case the compartment(s) extends above the margin line, W is to be taken as
the volume of the compartment(s) located below the margin line.

g : Gravity constant (9,81 m/s?)

h : Vertical distance between the waterline at full displacement of the ship and the maximum level L which may be

reached in the compartment, in m, see Fig 1.
The maximum level L is to be taken as:

¢ the lowest location of sensitive equipment of which failure means partial unavailability of a primary essential service (see Pt
C, Ch 2, Sec 1, [3.11]), electric switchboard, cabinet or junction box

e H/3, where H is the height of the compartment(s). If the compartment(s) extends above the margin line, determination of H
should stop at the margin line

whichever is the smaller.

In case the FFS is serving several compartments, the requirements of [2.1.1], item b) are to be complied with.

Figure 1:

Watertight deck

Ceiling of the compartment *

h Watertight compartment
protected by a FFS

I'}
L Inside max level
L <H/3

/ /

\/

* if higher than the margin line, determination
of H and W should stop at the margin line

Compartment’s deck

2.3.3 Type of pumps

a) Flooding fighting pumps are to be of the self-priming type. Centrifugal pumps are to be fitted with efficient priming means,
unless an approved priming system is provided to ensure the priming of pumps under normal operating conditions.

b) Flooding fighting power pumps are to be suitable to operate when submersed in seawater.

c) Arrangements are to be provided to start the motor of dedicated flooding power pumps from the damage control station and
locally.

2.3.4 Power supply for the power pumps

The means of pumping powered by electricity are to be able to be fed by two different parts of the main switchboard supplied
by different generating sets.

2.4 Piping

241 Size of flooding fighting pipes

The actual internal diameter of flooding fighting system pipes is to be calculated assuming a water velocity less than 5 m/s. It is
in any case not to be less than 125 mm.

2.4.2 Distribution of suctions

One direct suction per compartment covered is to be fitted for each pump or ejector, located at a low point well below maximum
level L commensurate with a reasonably short length of suction pipe.

2.4.3 Discharge of the means of pumping

In case the discharge of several means of pumping inside a single compartment is common, the design of the piping system is to
allow to pump the water out of the compartment when only one means of pumping is used.

If located inside the compartment protected by the FFS, the isolating valves provided for this purpose are to be operable from a
position on or above the damage control deck and an indication is to be provided at the damage control station, showing the
actual position of the valve or whether the valve is fully closed or fully open.
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3 Certification and testing

3.1 Certification of pumps

3.1.1 General

The means of pumping are to:

¢ have their design approved according to [3.1.2]

* be able to work in immersed conditions

¢ have the materials and casing tested according to Pt C, Ch 1, Sec 10, [19] as bilge pumps
¢ be able to run on a limited time without pumping water, to be demonstrated by testing

Individual certifications or type approval schemes might be used.

3.1.2 Design approval
Documentation as included in Tab 1 is to be submitted to the Society in order to check compliance with the design requirements
given in [2.3.3].

3.1.3 Test at the workshop
Immersed conditions test is to be undertaken in the presence of a Surveyor according to a standard approved by the Society.

Additional tests as mentioned in Pt C, Ch 1, Sec 10, [19] for bilge pumps are to be undertaken in the presence of a surveyor for
the pressure test for the casing and the performance test. The performance test is to reflect at minima the conditions encountered
onboard, especially those related to counterpressure. Results of the other mentioned tests are to be provided to the Surveyor.

3.1.4 Certificates
Class certificate is to be issued after the completion of tests mentioned in [3.1.3] and approval of drawings.

Work certificates are to be provided to the Society related to materials, balancing and vibration tests.
In case of a type approval, scheme | or Il is to be applied according to NR320.

3.2 Tests on board

3.2.1 Proper operation of each FFS is to be tested after the installation onboard by starting the pumps during a limited time.

G
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Section 1 Star-Hull

1 General

1.1 Principles

1.1.1  Application

The additional class notation STAR-HULL is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.3.2], to ships complying with the
requirements of this Section.

11.2 Scope

The additional class notation STAR-HULL is assigned to a ship in order to reflect the fact that a procedure including periodical
and corrective maintenance, as well as periodical and occasional inspections of hull structures and equipment, (hereafter
referred to as the Inspection and Maintenance Plan) are dealt with on board by the crew and at the Naval Authority’s offices
according to approved procedures.

The assignment of the notation implies that a structural tridimensional analysis has been performed for the hull structures, as
defined in Pt B, Ch 7, App 1 or Pt B, Ch 7, App 2 or Pt B, Ch 7, App 3, as applicable.

The implementation of the Inspection and Maintenance Plan is surveyed by the Society through:
¢ periodical audits carried out at the Naval Authority’s offices and on board

e examination of the data recorded by the Naval Authority and made available to the Society through an electronic ship
database suitable for consultation and analysis

¢ periodical check of the hull structure, normally at the class renewal survey, against defined acceptance criteria and based on:
- the collected data from actual implementation of the Inspection and Maintenance Plan

- the results of the inspections and other checks carried out during the class renewal survey (see [5]).

1.2 Conditions for the assignment and maintenance of the notation

1.21 Assignment of the notation

The procedure for the assignment of the STAR-HULL notation is the following:

¢ arequest for the notation is to be sent to the Society:
- signed by the Interested Party applying for the classification, in the case of new ships
- signed by the Naval Authority, in the case of existing ships

¢ the following documents are to be submitted to the Society by the Interested Party:

- plans and documents necessary to carry out the structural analysis, and information on coatings and on cathodic
protection (see [2.1])

- the hot spot map of the structure identified by the FEM analysis (see [2.2])
- the Inspection and Maintenance Plan to be implemented by the Naval Authority (see [2.3])

- information concerning the ship database and relevant electronic support to be implemented by the Naval Authority (see
[1.3.1])

¢ the Society reviews and approves the initial Inspection and Maintenance Plan, taking into account the results of the structural
analysis, as well as the information concerning the ship database

¢ the Society carries out an initial shipboard audit to verify the compliance of the procedures on board with respect to the
submitted documentation.
1.2.2 Maintenance of the notation

The maintenance of the STAR-HULL notation is based on the following surveys and checks, whose scope and periodicity are
specified in [5], to be carried out by the Society:

e annual audits at the Naval Authority’s offices (see [5.1])
¢ annual shipboard audits (see [5.2])
e class renewal surveys (see [5.3]).
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1.3 Ship database

1.3.1 The ship database, to be available on board and at the Naval Authority’s offices, using an electronic support suitable for
consultation and analysis, is to provide at least the following information:

¢ the hot spot map, as indicated in [2.2]
¢ the documents required for the Inspection and Maintenance Plan, as indicated in [2.3], and the corresponding reports during
the ship operation, as indicated in [3.5].

The ship database is to include a backup system in order for the data to be readily restored, if needed.

1.3.2 The ship database is to be:
¢ updated by the Naval Authority each time new inspection and maintenance data from the ship are available
¢ kept by the Naval Authority.

Access to the databases is to be logged, controlled and secured.

1.3.3 The ship database is to be made available to the Society. This ship database is to be transmitted to the Society at least every
six months. It may be agreed between the Naval Authority and the Society that the required data are automatically downloaded
into the Society’s ship database after they are collected.

2 Documentation to be submitted

2.1 Plans and documents to be submitted

211  Structural analysis
The plans and documents necessary to support and/or perform the structural analysis covering hull structures are:
¢ those submitted for class as listed in Pt B, Ch 1, Sec 3, for new ships

e those listed in Tab 1, for existing ships or after major repair or renewal for these ships. However, depending on the service
and specific features of the ship, the Society reserves the right to request to the Naval Authority additional or different plans
and documents from those in Tab 1.

Table 1 : Existing ships - Plans and documents to be submitted to perform the structural analysis

Plans and documents

Midship section

Transverse sections

Shell expansion

Longitudinal sections and decks

Double bottom

Pillar arrangements

Framing plan

Deep tank and ballast tank bulkheads
Watertight subdivision decks and bulkheads

Watertight tunnels

Fore part structure

Aft part structure

Last thickness measurement report

21.2 Coatings

The following information on coatings is to be submitted:
e list of all structural items which are effectively coated
e characteristics of the coating system.

2.1.3 Cathodic protection

The following information on sacrificial anodes is to be submitted:

¢ Jocalisation of anodes in spaces, on bottom plating and sea chests
¢ dimensions and weight of anodes in new condition.

When the protection against corrosion is achieved by means of impressed currents, the description of the system and the
operating manual are to be provided to the Society.
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2.2 Hot spot map

2.2.1 The items to be included in the hot spot map are, in general, the following:

e items (such as a plating panels, ordinary stiffeners or primary supporting members) for which the structural analysis carried
out at the classification phase for new ships showed that the ratio between the applied loads and the allowable limits
exceeded 0,975

¢ items identified as “hot spot item” during the structural reassessment according to Ch 2, App 2, or after repair or renewal for
these ships under the Naval Authority responsibility

e structural details subjected to fatigue, based on the list defined in Pt B, Ch 11, App 1
¢ other items depending on the results of structural FEM analyses and/or on experience.

2.2.2 The updated hot spot map may indicate which items are to be inspected periodically under the Naval Authority’s
responsibility.

2.3 Inspection and Maintenance Plan (IMP)
2.3.1 The Inspection and Maintenance Plan is to be based on the Naval Authority’s experience and on the results of the structural
analyses including the hot spot map.
The Inspection and Maintenance Plan is to include:
e the list of areas, spaces and hull equipment to be subjected to inspection
¢ the periodicity of inspections
¢ the elements to be assessed during the visual examination for each area or space, as applicable:
- coating
- anodes (if any)
- pitting
- fractures
- deformations

¢ the elements to be assessed during the inspection of hull equipment.

2.3.2 As regards the maintenance plan, the following information is to be given by the Naval Authority:

* maintenance scope

* maintenance type (inspection, reconditioning)

¢ maintenance frequency (periodicity value unit is to be clearly specified, i.e. hours, week, month, year)
¢ place of maintenance (port, sea, etc.)

¢ manufacturer’s maintenance and repair specifications, as applicable

¢ procedures contemplated for repairs or renewal of structure or equipment.

3 Inspection and Maintenance Plan (IMP)

3.1 Minimum requirements

3.1.1 The minimum requirements on the scope of the Inspection and Maintenance Plan (IMP), the periodicity of inspections, the
extent of inspection and maintenance to be scheduled for each area, space or equipment concerned, and the minimum content
of the report to be submitted to the Society after the inspection are given hereafter.

3.1.2 Atthe Naval Authority’s request, the scope and periodicity may be other than those specified below, provided that this is
agreed with the Society.

3.1.3 The IMP performed at periodical intervals does not prevent the Naval Authority from carrying out occasional inspections
and maintenance as a result of an unexpected failure or event which may affect the hull or hull equipment condition.

Interested parties are also reminded that any damage to the ship which may affect the class is to be reported to the Society.
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3.2 General scope of IMP

3.2.1 The IMP is to cover at least the following areas/items:
e deck area structure

® access hatches

e deck fittings

* steering gear

® superstructures

¢ shell plating

e tanks, including peaks,

e rudders

¢ sea connections and overboard discharges
¢ sea chests

e propellers.

3.3 Periodicity of inspections

3.3.1 Inspections are to be carried out at least with the following periodicity:
e Type 1: two inspections every year, with the following principles:

- one inspection is to be carried out outside the window provided for the execution of the annual class survey, in the
vicinity of the halfway date of the anniversary date interval

- the other inspection is to be carried out preferably not more than two months before the annual class survey is conducted
- the minimum interval between any two consecutive inspections of the same item is to be not less than four months.

e Type 2: inspection at annual intervals, preferably not more than four months before the annual class survey is carried out.

¢ Type 3: inspection at bottom surveys.

3.3.2 The following areas/items are to be inspected with a periodicity of Type 1:
e deck area structure

¢ shell plating above waterline

¢ hatches

¢ deck equipment

® superstructures

¢ ballast tanks, including peaks

¢ dry holds and spaces

e other accessible spaces

¢ sea connections and overboard discharges.

For ships less than 6 years old, 25% in number of ballast tanks (with a minimum of one) are to be inspected annually, in rotation,
so that all ballast tanks are inspected at least once during the 6-year class period.

For ships 6 years old or more, all ballast tanks are to be inspected annually.

3.3.3 The following areas are to be inspected with a periodicity of Type 2:
¢ bunker and double bottom fuel oil tanks

e fresh water tanks

e cargo tanks, if any.

3.3.4 Whenever the outside of the ship’s bottom is examined in drydock or on a slipway, inspections are to be carried out on
the following items:

* rudders

e propellers

¢ bottom plating

e sea chests and anodes.

In addition, the requirement under Pt A, Ch 2, Sec 2, [5.4.2] is to be complied with.

3.4 Extent of inspections

3.41 Deck area structure

The deck plating and structures over deck, as applicable, are to be visually examined for assessment of the coating, and detection
of fractures, deformations and corrosion.
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When structural defects affecting the class (such as fractures or deformations) are found, the Society is to be called by the Naval
Authority for occasional survey attendance. If such structural defects are repetitive in similar areas of the deck, a program of
additional close-up surveys may be planned at the Society’s discretion for the next inspections.

In other cases, such as coating found in poor condition, repairs or renewal are to be dealt with, or a program of maintenance is
to be set by the Naval Authority in agreement with the Society, at a suitable time, but at the latest at the next intermediate or class
renewal survey, whichever comes first.

3.4.2 Hatches

Hatches are to be visually examined, in particular tightness devices, locking arrangements and coating condition, as well as signs
of corrosion.

Any defective tightness device or securing/locking arrangement is to be dealt with. Operating devices of hatch covers are to be
maintained according to the manufacturer’s requirements and/or when found defective.

For structural defects or coating found in poor condition, refer to [3.4.1].

3.4.3 Deck fittings

The inspection of deck fittings is to cover at least the following items:

¢ Piping on deck
A visual examination of piping is to be carried out, with particular attention to coating, external corrosion, tightness of pipes
and joints (examination under pressure), valves and piping supports. Operation of valves is to be checked.
Any defective tightness, supporting device or valve is to be dealt with.

¢ Vent system

A visual examination of the vent system is to be carried out. Dismantling is to be carried out as necessary for checking the
condition of closure (flaps, balls) and clamping devices and of screens.

Any defective item is to be dealt with.
e Ladders, guard rails, bulwarks, walkways

A visual examination is to be carried out with attention to the coating condition (as applicable), corrosion, deformation or
missing elements.

Any defective item is to be dealt with.
¢ Anchoring and mooring equipment

A visual examination of the windlass, winches, capstans, anchor and visible part of the anchor chain is to be carried out. A
working test is to be effected by lowering a sufficient length of chain on each side and the chain lengths thus ranged out are
to be examined (shackles, studs, wastage).

Any defective item is to be dealt with. For replacement of chains or anchors, the Society is to be requested for attendance.
The manufacturer’s maintenance requirements, if any, are to be complied with.
e Other deck fittings

Other deck fittings are to be visually examined and dealt with under the same principles as those detailed in the items above
according to the type of fitting.

3.44 Steering gear

The inspection of the installation is to cover:
¢ examination of the installation

¢ test with main and emergency systems

e changeover test of working rams.

3.4.5 Superstructures
The structural part of superstructures is to be visually examined and checked under the same scope as that required for deck
structure.

The closing devices (doors, windows, ventilation system, skylights) are to be visually examined with attention to tightness devices
and checked for their proper operation.

Any defective item is to be dealt with.

3.4.6 Shell plating

The shell plating, sides and bottom, are to be visually examined for assessment of the coating, and detection of fractures,
deformations and corrosion.

When structural defects affecting the class (such as fractures or deformations) are found, the Society is to be called for occasional
survey attendance. If such structural defects are repetitive in similar areas of the shell plating, a program of additional close-up
surveys may be planned at the Society’s discretion for the next inspections.

In other cases, such as coating found in poor condition, repairs or renewal are to be dealt with, or a program of maintenance is
to be set by the Naval Authority in agreement with the Society, at a suitable time, but at the latest at the next intermediate or class
renewal survey, whichever comes first.
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3.4.7 Ballast tanks

Ballast tanks, including peaks, are to be overall surveyed with regards to:
e structural condition (fractures, deformations, corrosion)

¢ condition of coating and anodes, if any

* fittings such as piping, valves.

A program of close-up survey may also be required, depending on the results of the structural analyses and the hot spot map.

When structural defects affecting the class are found, the Society is to be called for occasional survey attendance. If such
structural defects (such as fractures or deformations) are repetitive in similar structures in the same ballast tanks or in other ballast
tanks, a program of additional close-up survey may be planned at the Society’s discretion for the next inspections.

In other cases, such as coating found in poor condition or anodes depleted, repairs or renewal are to be dealt with, or a program
of maintenance is to be set by the Naval Authority in agreement with the Society, at a suitable time, but at the latest at the next
intermediate or class renewal survey, whichever comes first.

3.4.8 Dry holds and spaces

Dry holds and other spaces such as vehicle decks are to be subjected to overall examination and dealt with in the case of defects,
under the same scope as that required for ballast tanks. Attention is also to be given to other fittings, such as bilge wells
(cleanliness and working test) and ladders.

A program of close-up survey may also be required, depending on the results of the structural analyses and the hot spot map.

When structural defects affecting the class are found, the Society is to be called for occasional survey attendance. If such
structural defects (such as fractures or deformations) are repetitive in similar structures, a program of additional close-up survey
may be planned at the Society’s discretion for the next inspections.

3.4.9 Other accessible spaces

Other spaces accessible during normal operation of the ship or port operations, such as cofferdams, void spaces, pipe tunnels
and machinery spaces are to be examined and dealt with under the same scope as that required for dry holds and spaces.

Consideration is also to be given to the cleanliness of spaces where machinery and/or other equivalent equipment exist which
may give rise to leakage of oil, fuel water or other leakage (such as main and auxiliary machinery spaces and steering gear space).

3.4.10 Rudder(s)

A visual examination of rudder blade(s) is to be carried out to detect fractures, deformations and corrosion. Plugs, if any, have to
be removed for verification of tightness of the rudder blade(s). Thickness measurements of plating are to be carried out in case
of doubt. Access doors to pintles (if any) have to be removed. Condition of pintle(s) has to be verified. Clearances have to be
taken.

Condition of connection with rudder stock is to be verified.

Tightening of both pintles and connecting bolts is to be checked.

3.4.11 Sea connections and overboard discharges

A visual external examination of sea inlets, outlet corresponding valves and piping is to be carried out in order to check tightness.
An operation test of the valves and manoeuvring devices is to be performed.

Any defective tightness and/or operability is to be dealt with.

3.4.12 Sea chests

Sea chests have to be examined with regards to:

e structural condition (fractures, deformations, corrosion)
¢ condition of cleanliness, coating and anodes

¢ visual examination of accessible part of piping or valve.

3.4.13 Propellers

A visual examination of propeller blades, propeller boss and propeller cap is to be carried out as regards fractures, deformations
and corrosion. For variable pitch propellers, absence of leakage at the connection between the blades and the hub is to be also
ascertained.

Absence of leakage of the aft tailshaft sealing arrangement is to be ascertained.

3.4.14 Cargo tanks, bunker and double bottom fuel oil tanks, fresh water tanks, as applicable
Bunker and double bottom fuel oil tanks are to be overall surveyed with regards to:

e structural condition (fractures, deformations, corrosion)

¢ condition of coating and anodes, if any

¢ fittings such as piping, valves.
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Cargo tanks, if any, are to be overall surveyed with regards to:
e structural condition (fractures, deformations, corrosion)
e condition of coating and anodes, if any

e fittings such as piping, valves.

A program of close-up survey may also be required, depending on the results of the structural analyses and the hot spot map.

When structural defects affecting the class are found, the Society is to be called for occasional survey attendance. If such
structural defects (such as fractures or deformations) are repetitive in similar structures in the same tank or in other tank, a program
of additional close-up survey may be planned at the Society’s discretion for the next inspections.

In other cases, such as coating found in poor condition, repairs or renewal are to be dealt with, or a program of maintenance is
to be set by the Naval Authority in agreement with the Society, at a suitable time, but at the latest at the next intermediate or class
renewal survey, whichever comes first.

3.5 Inspection reports

3.5.1 Inspection reports are to be prepared by the person responsible after each survey. They are to be kept on board and made
available to the Surveyor at his request. An electronic form is to be used for this purpose (see [1.3]).

A copy of these reports is to be transmitted to the Naval Authority’s offices, for the records and updating of the ship database.

3.5.2 The inspection reports are to include the following.

¢ General information such as date of inspection/maintenance, identification of the person performing the inspection with his
signature, identification of the area/space/equipment inspected.

¢ For inspection of structural elements (deck area, hatches, superstructures, ballast tanks, dry holds and spaces, other spaces),
the report is to indicate:

- coating condition of the different boundaries and internal structures and, if any, coating repairs

- structural defects, such as fractures, corrosion (including pitting), deformations, with the identification of their location,
recurrent defects

- condition of fittings related to the space inspected, with description as necessary of checks, working tests, dismantling,
overhaul

¢ For inspection of equipment (deck equipment, sea connections and overboard discharges), the report is to indicate the results
of visual examination, working tests, dismantling, repairs, renewal or overhaul performed.

3.5.3 When deemed necessary or appropriate, the report is to be supplemented by documents, sketches or photographs,
showing for example:

¢ location and dimension of fractures, pitting, deformations
¢ condition of equipment before repairs

¢ measurements taken if required by the Society.

3.5.4 Models of inspection reports for structural elements and equipment are given in Ch 2, App 5.
These models are to be used as a guide for entering the collected data into the ship database, in an electronic form.

3.6 Changes to Inspection and Maintenance Plan

3.6.1 Changes to ship operation, review of the inspection and maintenance reports, possible subsequent changes to the hot spot
map and corrosion rates different than those expected may show that the extent of the maintenance performed needs to be
adjusted if any by the Naval Authority to improve its efficiency.

Where more defects are found than would be expected, it may be necessary to increase the extent and/or the frequency of the
maintenance program. Alternatively, the extent and/or the frequency of the maintenance may be reduced subject to documented
justification.

4 Acceptance criteria

4.1 Coating assessment

41.1 Criteria
The acceptance criteria for the coating condition of each coated space is indicated in Tab 2.

Where acceptance criteria are not fulfilled, coating is to be repaired.

4.1.2 Repairs

The procedures for repairs of coatings are to follow the coating manufacturer’s specification for repairs, under the Naval
Authority’s responsibility.
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Table 2 : Acceptance criteria for coatings

Condition

Acceptance criteria

Ships less than 12 years old

Coatings in GOOD condition

Ships 12 years old or more

Coatings in GOOD or FAIR condition

Note 1:
GOOD : Only minor spot rusting
FAIR . Local breakdown at edges of stiffeners and weld connections and/or light

rusting over 20% or more of areas under consideration, but less than as defined
for POOR condition

POOR : General breakdown of coating over 20% or more of areas or hard scale at 10%
or more of areas under consideration.

4.2 Sacrificial anode condition (as applicable)

4.21 Criteria

The acceptance criteria for sacrificial anodes in each coated space fitted with anodes is indicated in Tab 3 in terms of percentage
of losses in weight.

Where acceptance criteria are not fulfilled, sacrificial anodes are to be renewed.

Table 3 : Acceptance criteria for sacrificial anodes

Condition Percentage of loss in weight
Ships less than 12 years old less than 25
Ships 12 years old or more less than 50

4.3 Thickness measurements (applicable only if required by the Society on case by case basis)

431 General

The acceptance criteria for measured thicknesses are indicated in:

e Ch2, App 1 for isolated areas of items (for example a localized area of a plate)
e Ch 2, App 2 for items (for example a plating panel or an ordinary stiffener)

e Ch 2, App 3 for zones (for example the bottom zone).
When the acceptance criteria are not fulfilled, actions according to [4.3.2] to [4.3.4] are to be taken.

4.3.2 Isolated area

The thickness diminution of an isolated area of an item is the localized diminution of the thickness of that item such as, for
example, the grooving of a plate or a web or a local severe corrosion. It is expressed as a percentage of the relevant as built
thickness.

It is not to be confused with pitting (see [4.4]).

If the criteria of acceptable diminution are not fulfilled for an isolated area, then this isolated area is to be repaired or replaced.
In any case, the criteria of thickness diminution are to be considered for the corresponding item (see [4.3.3]).

433 Item

For each item, thicknesses are measured at several points and the average value of these thicknesses is to satisfy the acceptance
criteria for the relevant item.

If the criteria of measured thicknesses are not fulfilled for an item, then this item is to be repaired or replaced. Where the criteria
are fulfilled but substantial corrosion as defined in Pt A, Ch 2, Sec 2, [3.2.7] is found, the IMP is to be adjusted to increase the
frequency and/or extent of the maintenance program. In any case, for the items which contribute to the hull girder longitudinal
strength, the criteria in [4.3.4] are to be considered.

434 Zone

For consideration of the hull girder longitudinal strength, the transverse section of the ship is divided into three zones:

e deck zone

* neutral axis zone

¢ bottom zone.
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The sectional area diminution of a zone, expressed as a percentage of the relevant as built sectional area, is to fulfil the criteria
of acceptable diminution for that zone.

If the criteria of acceptable diminution are not fulfilled for a zone, then some items belonging to that zone are to be replaced (in
principle, those which are most worn) in order to obtain after their replacement an increased sectional area of the zone fulfilling
the relevant criteria.

4.4 Pitting

441 Pitting intensity
The pitting intensity is defined by the percentage of area affected by pitting.
The diagrams in Ch 2, App 4 are to be used to identify the percentage of area affected by pitting and thus the pitting intensity.

442 Acceptable wastage

The acceptable wastage for a localised pit (intensity < 3%) is 23% of the average residual thickness.

For areas having a pitting density of 50% or more, the acceptable wastage in pits is 13% of the average residual thickness.
For intermediate values (between localised pit and 50% of affected area), the acceptable wastage in pits is to be obtained by

interpolation between 23% and 13% of the average residual thicknesses (see Tab 4).

Table 4 : Pitting intensity and corresponding acceptable wastage in pits

Pitting intensity, in % Acceptable wastage in pits, in percentage of
(see Ch 2, App 4) the average residual thickness

<3 23

5 22

10 21

15 20

20 19

25 18

30 17

40 15

50 13

443 Repairs

Application of filler material (plastic or epoxy compounds) is recommended as a mean for stopping/reducing the corrosion
process but this is not an acceptable repair for pitting exceeding the maximum permissible wastage limits.

Welding repairs may be accepted when performed in accordance with agreed procedures.

4.5 Fractures

451 General

Fractures are found, in general, at locations where stress concentrations occur.
In particular, fractures occur at the following locations:

¢ beginning or end of a run of welding

¢ rounded corners at the end of a stiffener

e traces of lifting fittings used during the construction of the ship

¢ weld anomalies

¢ welding at toes of brackets

¢ welding at cut-outs

¢ intersections of welds

¢ intermittent welding at the ends of each length of weld.

The structure under examination is to be cleaned and provided with adequate lighting and means of access to facilitate the

detection of fractures.

If the initiation points of the fractures are not apparent, the structure on the other side of the plating is to be examined.

4.5.2 Criteria
Where fractures are detected, the Society’s Surveyor is always to be called by the Naval Authority for attendance.
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5 Maintenance of the notation

5.1 Annual audit at the Naval Authority’s offices

5.1.1 The audit is to be carried out annually preferably within the prescribed six-month window as shown in Fig 1.

If two or more ships belonging to the same Naval Authority are assigned the STAR-HULL notation, this annual audit may be
performed for all ships at the same time in a suitable period agreed between the Naval Authority and the Society.

Figure 1 : Audit periodicity

Annual audit at Naval Authority's office

| | | | | | | | | time
[ 0 T |1 T |2 T [ 3 T [ 4 (years)

+3 month annual shipboard audit windows

| Annual shipboard audit

5.1.2 The Surveyor checks that the ship database held at the Naval Authority’s offices is kept updated, in particular with the
inspection and maintenance reports of the IMP.

A preliminary evaluation on how the IMP is applied may be done on the basis of the data and information collected during this
audit and the data received from the ship.

Depending on this evaluation, the Society may call for:
e an occasional survey on board the ship by a Surveyor of the Society to be carried out as soon as possible

e corrective actions to be taken by the Naval Authority in applying the IMP.

5.1.3 The annual audit at the Naval Authority’s offices performed before the commencement of the class renewal survey is to
include the planning required for this survey (see [5.2.2]).

5.2 Annual shipboard audit
5.2.1 The annual shipboard audit is to be carried out concurrently with the annual survey.

5.2.2 During this audit the Surveyor:
¢ verifies that the ship database is kept updated and transmitted to the Naval Authority’s offices
¢ verifies the consistency and implementation of the IMP

e carries out additional inspections relevant to hull (structure and equipment), if required as a result of the audit at the Naval
Authority’s offices.

5.3 Class renewal survey

5.3.1 The survey for the renewal of the STAR-HULL notation is to be carried out concurrently with the class renewal survey.

The documentation to be prepared, the surveys to be carried out and the structural reassessment to be done in connection with
the class renewal survey are summarised in the flowchart shown in Fig 2.

5.3.2 The planning of the class renewal survey is to be prepared in advance of the survey by the Naval Authority in cooperation
with the Society. This planning is preferably to be agreed during the annual audit at the Naval Authority’s offices performed
approximately eighteen months before the due date of the class renewal survey (see [5.1.3]).

The planning is to include the following information:

¢ conditions for survey

¢ provisions and methods for access to structures

e equipment for survey

¢ indication of spaces and areas for internal examination, overall survey and close-up survey
¢ indication of tanks to be tested

¢ indication of areas to be checked for fatigue fracture detection (see [5.3.3]).
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Figure 2 : Actions to be taken in connection with the Class Renewal Survey

Planning, documentation,
structural reassessment

Planning of the class renewal survey based on
existing Hot Spot Map recorded within the ship
data base and collection of maintenance data

v

- Overall Survey
- Close-up survey
- Assessment of coating and anode conditions
-Detection of fractures and deformations

A 4

Structural reassessment of the AS-INSPECTED
STATE based on the collected data (the

reassessment is repeated, if required, based
on additional thickness measurements)

A 4

Updating of ship data base
(AS-INSPECTED STATE)

A 4

Definition of a program for corrective actions, as
necessary, using the results of the structural
reassessment based on repairs/renewals

v

Completion of class renewal survey by
implementing repairs/renewals

v

Updating the system database
(AS-REPAIRED STATE)

A 4

Updating the IMP (as necessary)
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It is to take account of:

¢ the results of the IMP held by the Naval Authority during the current class period, as well as the class surveys carried out
during the same period

¢ the scope of the class renewal survey as required in Pt A, Ch 3, Sec 3 and Part A, Chapter 4, as applicable to the ship
concerned

e the additional requirements related to the STAR-HULL notation as indicated in [5.3.3].

5.3.3 In addition to the scope of the class renewal survey as required for the ship concerned, the following is to be carried out:
¢ an annual shipboard audit as detailed in [5.2]
¢ the assessment of the condition of coating and anodes if any

¢ the close-up survey as required in the survey planning as a result of the previous structural assessment required by the Society
on case by case basis

¢ a specific survey for fatigue fracture detection in accordance with the planning as a result of the previous hot spot map.

5.3.4 On the basis of the results of the surveys, additional visual examination and fatigue fracture detection carried out as
indicated in [5.3.3], the “as-inspected state” of the ship is established. A structural reassessment of the “as-inspected state” is
performed according to the criteria in Ch 2, App 2. This state may be progressively updated based on the results of additional
inspections and/or thickness measurements required on the basis of the first “running” of the analysis.

Once the final “as-inspected state” is established, a program of corrective actions is defined and planned, which may consist of:
e structural renewals

¢ repairs of structural defects (fractures, deformations, etc.)

¢ repairs/renewals of coating and/or anodes, if any.

in order to ensure that the ship continues to comply with the acceptance criteria given in Article [4]. In addition, the IMP may
be modified if needed.

5.3.5 The corrective actions are to be surveyed by a Surveyor of the Society. Subsequently a new “as-repaired state” of the ship
is obtained, including an updated hot spot map.

5.4 Suspension and withdrawal of the notation

5.4.1 The maintenance of the STAR-HULL notation is subject to the same principles as those for the maintenance of class:
surveys are to be carried out by their limit dates and possible recommendations (related to the notation) are to be dealt with by
their limit dates.

The suspension of class automatically causes the suspension of the STAR-HULL notation.

5.4.2 Various events may lead either to imposition of a recommendation related to the STAR-HULL notation or to suspension
of the notation itself. Some cases are given below.

¢ The condition of the ship is below the minimum level required for class (e.g. scantling of a hull structure below the corrosion
margin acceptable for the class around hot spot areas). The action to be taken is either the immediate repair or the imposition
of a recommendation for the class (if acceptable) and suspension of the STAR-HULL notation. However, in cases where the
recommendation is of a minor nature, the notation may not be suspended.

¢ The Inspection and Maintenance Plan is not complied with (e.g. delays in performing the operations programmed according
to the plan or the scope of inspection and/or maintenance not completely fulfilled), and/or the maintenance of the database
is not fulfilled.

The action to be taken is:

- either the immediate compliance with the requirements or the imposition of a recommendation if the non-conformity is
of a minor nature or is an exceptional occurrence

- or the suspension of the STAR-HULL notation if the non-conformity is of a major nature or a recurrence.

e A defect or a deficiency is found in applying the IMP. The actions to be taken are the same as stated both for repair of
structure/coating/equipment (first two cases above) and for the application of the IMP (third case above).

¢ An unexpected defect or deficiency is found or an accident occurs, i.e. not as a result of lack of maintenance or failure in the
application of the IMP. The actions to be taken are the same as stated for repair of structure/coating/equipment (first two cases
above).

5.4.3 The withdrawal of the STAR-HULL notation may be decided in different cases, such as:
e recurrent suspension of the STAR-HULL notation

¢ suspension of the STAR-HULL notation for more than a given period (i.e. 3 months)

e expiry or withdrawal of class.
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Section 2 Star-Mach

1 General

1.1 Principles

1.1.1  Application

The additional class notations STAR-MACH and STAR-MACH-PMS are assigned, in accordance with Pt A, Ch 1, Sec 2, [6.3.3]
to ships complying with the requirements of this Section.

1.1.2 Inspection and Maintenance Plan

The STAR-MACH notation reflects the fact that a procedure including periodic and corrective maintenance, condition-
monitoring as well as periodic and occasional inspections of machinery installations and equipment (hereinafter referred to as
the Inspection and Maintenance Plan) is operated on board and at the Naval Authority’s offices.

The implementation of the Inspection and Maintenance Plan is verified by the Society through:

e arisk analysis, initially performed by the Society in order to identify tentatively critical machinery and equipment items
covered in the Inspection and Maintenance Plan, and periodically updated to analyse the performance of these items on the
basis of the information stored in the ship database, requiring suitable modifications of the inspection and maintenance
intervals, if needed

¢ periodic examination of the data recorded by the Naval Authority and made available to the Society through an electronic
ship database suitable for consultation and analysis; and

¢ periodic audits carried out by the Society at Naval Authority’s offices and on board.

1.1.3 Risk analysis

The purpose of the risk analysis is to assess the inspection and maintenance process taking into account the consequences if a
system fails.

The risk analysis is to include at least the machinery and equipment which are identified in [2.1]. The Society, in consultation
with the Naval Authority, may extend the scope of the risk analysis to other equipment or systems which are considered critical,
depending on the ship’s characteristics.

For the purpose of the risk analysis, instruction manuals, spare parts and tools are assumed to be available, when needed.

1.1.4 Class renewal survey

The assignment of the STAR-MACH and STAR-MACH-PMS notations imply that the class renewal surveys of machinery are
carried out by applying the planned maintenance scheme (PMS) described in Pt A, Ch 2, Sec 2. The procedure of recognizing
surveys carried out by the Chief Engineer, as indicated in Pt A, Ch 2, Sec 2 when CMS or PMS schemes are adopted, is also
applied.

The combination of the Inspection and Maintenance Plan implemented by the Naval Authority and the risk analysis carried out
by the Society enables to improve the planned maintenance scheme (PMS), as described in Pt A, Ch 2, Sec 2. For instance, it is
possible to allow the inspection of a machinery item based on running hours to be performed at intervals exceeding five years,
based on its actual conditions and performances on board.

1.1.5 Manufacturer’s recommendations

The STAR-MACH notation has by no means to be considered a relapsation or a variation of the type and timing of maintenance
recommended by the Manufacturer.

Any possible change or optimization of the original maintenance scheme may be considered only after the expiry of the
Manufacturers’ warranty period, once that all involved machinery and equipment are set in service and the information relative
to the maintenance and performance of various machinery and equipment are collected and elaborated, as necessary, in
consultation with the Manufacturer, at Naval Authority’s request.

1.2 Conditions for the assignment and maintenance of the notation

1.21 Assignment of the notation
The procedure for the assignment of the STAR-MACH notation is the following:
¢ arequest for the notation is to be sent to the Society
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¢ the following documentation is to be submitted to the Society by the Interested Party:
- plans and documents of machinery and equipment (see [2.1])
- the Inspection and Maintenance Plan to be implemented by the Naval Authority during the ship life (see [2.2]), and

- information concerning the ship database and relevant electronic support to be implemented by the Naval Authority during
the ship life (see [1.3.1])

¢ the Society performs the risk analysis for the ship and its plants, based on the documentation submitted

¢ the Society reviews and approves the Inspection and Maintenance Plan, taking into account the results of the above-mentioned
risk analysis as well as the information concerning the ship database

¢ the Society carries out an initial shipboard audit to verify the compliance of the procedures on board with respect to the
submitted documentation.

1.2.2 Maintenance of the notation

The maintenance of the STAR-MACH notation is based on a risk analysis review (see [3.2]) and the following surveys to be carried
out by the Society, according to the scope and periodicity given in [5]:

e annual audit at the Naval Authority’s offices (see [5.1])

¢ annual shipboard audit (see [5.2])

¢ occasional shipboard audits/surveys (see [5.3]) triggered by:
- risk analysis results
- changes to ship operations

- non-conformities.

1.3 Ship database

1.3.1 The ship database, to be available on board and at the Naval Authority’s offices, using an electronic support suitable for
consultation and analysis, is to include at least the following information:

¢ the documents required for the Inspection and Maintenance Plan, as indicated in [2.2], and the corresponding reports during
the ship operation, as indicated in [4.2]

* the results of the risk analysis.

1.3.2 The ship database is to be:
¢ updated by the Naval Authority each time new inspection and maintenance data from the ship are available
¢ kept by the Naval Authority.

Access to the database is to be logged, controlled and secured.

The ship database is to include a back up system in order that the data can be readily restored, if needed.

1.3.3 The ship database is to be made available to the Society.
The ship database is to be transmitted to the Society at least every six months. When agreed between the Naval Authority and
the Society, the required data may be automatically discharged into a Society’s database.

1.3.4 The data provided in accordance with [1.3.3] will be used to carry out the risk analysis.

1.3.5 As the risk analysis is subject to be reviewed and updated by the Society during the ship’s life, the software used by the
Naval Authority is to be compatible with the one used by the Society, in order to make possible the review and updating of the
risk analysis results.

2 Documentation to be submitted

2.1 Plans, documents and specifications

2141

a) The plans and documents necessary to assign the STAR-MACH notation are to include at least the machinery and equipment
listed in Tab 1.

b) Foranew ship, the plans and documents listed in Tab 1 do not need to be duplicated with respect to the documents requested
for the purpose of classification in Part C.

c) The plans are to be supplemented by Manufacturer’s specifications, including the list of relevant equipment and accessories
and instructions for their use.

d) The Society may request additional documents or information, when needed.
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2.2

Inspection and Maintenance Plan (IMP)

2.2.1 The Inspection and Maintenance Plan is to include at least the following information:
e the list of machinery and equipment covered, including at least the ones listed in Tab 1

¢ for each item of machinery and equipment:

Manufacturer’s maintenance instruction book, taking into consideration the scheme recommended by the Manufacturer
(see [1.1.5])

details relevant to the type of maintenance (e.g. inspection, reconditioning, overhauls, spare parts)

maintenance frequency (i.e. running hours, calendar days, weeks, months, years)

condition monitoring scheme, where applied

place of maintenance execution (e.g. in port, at sea)

utilisation rate, running hours and type of service (e.g. heavy, light)

procedures foreseen for repairs, overhauling or substitution

¢ names and qualification of personnel authorized to carry out the duties foreseen by the Inspection and Maintenance Plan
(see [4.4])

e procedures for the storage and backup of records and any other relevant information (see [1.3])

¢ procedure for modification and approval of the plan based on feedback experience and Manufacturer’s consultation, as
necessary.

Table 1 : List of machinery and equipment for which plans and documents are requested

No. ITEM
1 | General arrangement plan
Propulsion plant, including (if applicable):
¢ diesel engines
e steam or gas turbines
2 | e electric motors for propulsion
* gearing
¢ shafting, including bearings and accessories
e propellers
Steam production and distribution, including (if applicable):
3 |° main propulsion boilers and related accessories
¢ main condenser for propulsion boiler
* main propulsion steam system including pumps, pipes, valves, filters, etc.
Fuel oil heating system, if essential for propulsion, including (if applicable):
4 |° steam heaters, including their accessories
e thermal oil heaters, including their accessories
¢ electrical plant supplying the electrical heaters
Fuel oil system, including:
5 | e purifiers
® piping system
Lubricating oil system, including:
e purifiers
6 . .
e coolers (if applicable)
® piping system
Cooling water system, including:
, | * seawater system
¢ low and high temperature fresh water system
® piping system
8 | Compressed air system, including compressors and their prime movers and related piping
9 | Steering gear, including all equipment and systems necessary for its control
10 | Bilge system
11 | Ballast system
12 | Electricity production and distribution system, including prime movers, generators, cables protections and main switchboard
13 | Air ventilation system serving the machinery spaces
14 | Fire prevention, detection and fighting system
15 | Exhaust gas system
16 Automation and control systems, including information on the possibility for the system to be disconnected in case failure
allowing the manual control
17 Any other system or equipment connected in such a way that any single failure of it or part of it might affect the
functionality of one of the system, machinery or equipment covered by the risk analysis
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3 Risk analysis

3.1 Initial risk analysis

3.11 Scope

The scope of the initial risk analysis, to be carried out by the Society in order to assign the STAR-MACH notation, is:

¢ identify critical systems and/or components

e assess the Inspection and Maintenance Plan with regards to currently accepted levels of risk

¢ recommend measures to improve the type and/or periodicity of inspection and maintenance, when deemed necessary.

3.1.2 Process
The overall process followed by the risk analysis is described in Ch 2, App 6.

3.2 Risk analysis review

3.21 Scope

The initial risk analysis carried out in accordance with [3.1] will be kept up-to-date by the Society, on the basis of the information
and data gathered from the ship database (see [2.2]), for instance relevant to the actual inspection and maintenance, including
failures and repairs, if any.

Where deemed necessary, the updated data will be introduced in the logic probabilistic model for a re-evaluation of the critical
systems and components.

When the reviewed risks show a significant deviation from those identified by the initial risk analysis, the Society will recommend
modification of the Inspection and Maintenance Plan, for instance in terms of type and periodicity of maintenance (see [2.2]).

3.2.2 Major alterations

In the case of major alterations of the machinery and equipment covered by the STAR-MACH notation, the logic probabilistic
model defined in accordance with [3.1] will be updated to suit the new arrangements on board.

4 Inspection and Maintenance Plan

4.1 General

4.1.1 The Inspection and Maintenance Plan (e.g. type and frequency of maintenance) is based on the Manufacturer’s
recommendations, documented experience, condition monitoring and results of the risk analysis (see [3]).

4.2 Inspection and maintenance reports

4.2.1 Inspection and maintenance reports are to be done by the responsible person after each inspection/maintenance operation.
They are to be kept on board and made available to the Surveyor on his request. An electronic form is to be used for that purpose
(see [1.3]).

A copy of these reports is to be transmitted to the Naval Authority’s Office, for their records and updating of the ship data base.

4.2.2 The inspection/maintenance reports are to include:
¢ running hours and type of service, as applicable (heavy, light)
¢ frequency of maintenance, timing, time spent for the preventative maintenance

e details relative to the corrective maintenance (overhauls, spare parts, idle time, time between two different stops for
maintenance, parts changed and parts reconditioned)

¢ trend of condition monitoring parameters, where applied
* in case of failure:

- information on mode and reason of failure

- time out of service

- type of repair carried out.

4.3 Changes to the Inspection and Maintenance Plan

4.3.1 Changes to ship operation, condition monitoring, risk analysis review, or any other documented justification may
demonstrate that the Inspection and Maintenance Plan needs to be adjusted to improve its efficiency. Where more defects are
found than it would be expected, it may be necessary to increase the extent and/or the frequency of the maintenance programme.
Alternatively, the extent and/or the frequency of the maintenance may be subject to documented justification and Manufacturer’s
consultation.
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4.4 Responsible persons
4.4.1 The person on board responsible for the collection and process of maintenance data within the scope of the Inspection

and Maintenance Plan is to be authorized by the Society in accordance with the procedure established for the recognition of
machinery surveys carried out by Chief Engineers (see Part A).

5 Maintenance of the notation

5.1 Annual audit at the Naval Authority’s offices

5.1.1 The audit is to be carried out annually preferably within the prescribed six-month window as shown in Fig 1.

If more than one ship belonging to the same Owner are assigned the STAR-MACH notation, this annual audit may be performed
for all ships at the same time at a suitable period agreed between the Owner and the Society.

Figure 1 : Audit periodicity

Annual audit at Naval Authority's office
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| Annual shipboard audit

5.1.2 The Surveyor checks that the ship data base held at Owner’s office is kept updated, in particular with the inspection and
maintenance reports of the Inspection and Maintenance Plan.

From the data collected during this audit and data received from the ship, a preliminary review is done. This review may lead to
extending the scope of the audit and/or an occasional machinery survey on board the ship, specifically for machinery the
performance of which is deteriorating. The audit includes the examination of:

* preventive maintenance records
e corrective maintenance records

¢ predictive maintenance records, that is, planning records about outstanding inspections or other actions for the forthcoming
period.

5.2 Annual shipboard audit
5.2.1 The annual shipboard audit is to be carried out concurrently with the annual survey.

5.2.2 During this audit the Surveyor:

¢ verifies that the ship data base is kept updated and transmitted to the Owner’s office

¢ verifies the consistency and implementation of the Inspection and Maintenance Plan

e carries out additional inspections and/or tests relevant to machinery, if required as a result of the audit at the Owner’s office.

5.3 Occasional onboard audits and/or surveys

5.3.1 Occasional audits may be required after audits at the Owner’s offices that showed the Inspection and Maintenance Plan
has not been applied or working in the manner intended, or that particular equipment showed abnormal behaviour.

5.3.2 The Society is to be notified when an item is due to be repaired on a non-scheduled basis because of failure. The
notification is to include the place, time and specification of the corrective action which has to be executed. The Society will
decide whether to carry out an occasional on board survey.

5.3.3 Changes to the operation of the ship and/or modifications to machinery and/or equipment are to be notified to the Society,
so that:

* asurvey onboard the ship may be carried out to verify the changes and modifications

¢ the effects of the changes and modifications could be taken into consideration, if deemed necessary, during the next risk analysis
¢ an immediate revision of the Inspection and Maintenance Plan is conducted, if deemed necessary.

The effects of any changes in relation to the Inspection and Maintenance Plan are monitored during the next annual shipboard audit.
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5.4 Suspension and withdrawal of the notation

5.4.1 The maintenance of the STAR-MACH notation is subject to the same principles as those for the maintenance of class:
surveys are to be carried out by their limit dates, possible recommendations (related to the notation) are to be dealt with by their
limit dates.

The suspension of class automatically causes the suspension of the STAR-MACH notation.

5.4.2 Different events may lead either to imposition of a recommendation related to the STAR-MACH notation or to suspension
of the notation itself. Some cases are given below:

a) The condition of the machinery installations is below the minimum level required for class. The action to be taken is either
the immediate repair or the imposition of a recommendation for class (if acceptable) and suspension of the STAR-MACH
notation. However, in cases where the recommendation is of a minor nature, the notation may not be suspended.

b) The Inspection and Maintenance Plan is not complied with (e.g. delays in performing the operations programmed according
to the plan or the scope of inspection and/or maintenance not completely fulfilled), and/or the maintenance of the data base
is not fulfilled.

The action to be taken is:

¢ either the immediate compliance with the requirements or the imposition of a recommendation, if the non-conformity is
of a minor nature or is an exceptional occurrence, or

¢ the suspension of the STAR-MACH notation, if the non-conformity is of a major nature or a recurrence.
c) A defect or a deficiency is found in applying the Inspection and Maintenance Plan. The actions to be taken are the same as

stated above both for repair of machinery installations (case a) above) and for the application of the Inspection and
Maintenance Plan (case b)).

d) An unexpected defect or deficiency is found or a casualty occurs, i.e. not as a result of lack of maintenance or failure in the
application of the Inspection and Maintenance Plan. The actions to be taken are the same as stated in the case a) above.

5.4.3 The withdrawal of the STAR-MACH notation may be decided in different cases, such as:
e recurrent suspension of the STAR-MACH notation

¢ suspension of the STAR-MACH notation for more than a given period (i.e. 3 months)

e expiry or withdrawal of class.
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Appendix 1 Acceptance Criteria for Isolated Areas of
ltems

1 General

1.1 Application

1.1.1 The acceptance criteria consist in checking that the thickness diminution of an isolated area of an item (measured
according to Ch 2, Sec 1, [4.3.2]) is less than the acceptable limits specified in [1.1.2]. Otherwise, actions according to Ch 2,
Sec 1, [4.3.2] are to be taken.

1.1.2 The acceptable limits for the thickness diminution of isolated areas of items contributing to the hull girder longitudinal
strength are specified in:

e Tab 1 for the bottom zone items
e Tab 2 for the neutral axis zone items
e Tab 3 for the deck zone items.

The acceptable limits for the thickness diminution of isolated areas of items not contributing to the hull girder longitudinal
strength are specified in Tab 4.

Table 1 : Acceptable limits for the thickness diminution of isolated areas of items
Items contributing to the hull girder longitudinal strength and located in the bottom zone

Item Acceptance limit
Plating of: ¢ keel, bottom and bilge
e inner bottom 18%
¢ |ower strake of longitudinal bulkheads
Longitudinal ordinary stiffeners of: o keel, bottom and bilge web 18%
e inner bottom
e |ower strake of longitudinal bulkheads flange 15%
o ) ) web 18%
Longitudinal primary supporting members
flange 15%

Table 2 : Acceptable limits for the thickness diminution of isolated areas of items
Items contributing to the hull girder longitudinal strength and located in the neutral axis zone

Item Acceptance limit
Plating of: e side
¢ longitudinal bulkheads 18%
e decks
Longitudinals ordinary stiffeners of: | e side web 18%
¢ longitudinal bulkheads
o decks flange 15%
web 18%
Longitudinal primary supporting members
flange 15%

Table 3 : Acceptable limits for the thickness diminution of isolated areas of items
Items contributing to the hull girder longitudinal strength and located in the deck zone

Item Acceptance limit
Plating of: e upper deck, stringer plate and sheerstrake 18%
e upper strake of longitudinal bulkheads ’
Longitudinal ordinary stiffeners of: e upper deck, stringer plate and sheerstrake | web 18%
e upper strake of longitudinal bulkheads flange 15%
. . . . web 18%
Longitudinal primary supporting members
flange 15%
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Table 4 : Acceptable limits for the thickness diminution of isolated areas of items

Items not contributing to the hull girder longitudinal strength

Item Acceptance limit
) plating 18%
Hatch coamings
brackets 22%
top plating 18%
Hatch covers side and end plating 18%
ordinary stiffeners 18%
Plating of transverse bulkheads 18%
web 22%
Ordinary stiffeners of transverse bulkheads flange 18%
brackets 22%
web 18%
Vertical primary supporting members and horizontal girders of bulkheads | flange 15%
brackets /stiffeners 18%
web 18%
Side frames flange 15%
brackets / stiffeners 18%
web 18%
Deck and bottom transverse primary supporting members flange 15%
brackets 18%
Plating of the forward and aft peak bulkheads 18%
web 22%
Ordinary stiffeners of the forward and aft peak bulkheads
flange 18%
Rules for the Classification of Naval Ships - NR483 i | December 2025
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Appendix 2 Acceptance Criteria for Isolated ltems

Symbols

ta ¢ As-built thickness of plating, in mm

tw : Measured thickness of plating, in mm

tc . Corrosion additions, in mm, defined in Pt B, Ch 4, Sec 2, [3]

te;, tea  :© Corrosion additions, in mm, defined in Pt B, Ch 4, Sec 2, [3] for the two compartments separated by the plating under

consideration. For plating internal to a compartment, te; = te; = tc
tg : Overall renewal thickness, in mm, of plating, in mm, defined in:

e [2.2.1] in general

e [4.3.1] for the plating which constitutes primary supporting members
tgy : Minimum renewal thickness, in mm, of plating defined in [2.2.2]

tro : Renewal thickness, in mm, of plating subjected to lateral pressure or wheeled loads, i.e. the thickness that the plating
of a ship in service is to have in order to fulfil the strength check. This thickness is to be calculated as specified in [2.2.3]

trs : Compression buckling renewal thickness, in mm, i.e. the thickness that the plating of a ship in service is to have in
order to fulfil the compression buckling check. This thickness is to be calculated as specified in [2.2.4]

tra : Shear buckling renewal thickness, in mm, i.e. the thickness that the plating of a ship in service is to have in order to
fulfil the shear buckling check. This thickness is to be considered only for ships equal to or greater than 90 m in length
and is to be calculated as specified in [2.2.5]

tg : Rule gross thickness, in mm, of plating, defined in [2.2.6]

taw : As built thickness of ordinary stiffener web, in mm

tar : As built thickness of ordinary stiffener face plate, in mm

tuw : Measured thickness of ordinary stiffener web, in mm

tur : Measured thickness of ordinary stiffener face plate, in mm

Wy : Section modulus, in cm?, of ordinary stiffeners, to be calculated on the basis of the measured thicknesses of web, face
plate and attached plating

Wy : Renewal section modulus, in cm?, of ordinary stiffeners i.e. the section modulus that an ordinary stiffener of a ship
in service is to have to fulfil the yielding check.

trw : Renewal thickness, in mm, of ordinary stiffener web, i.e. the web thickness that an ordinary stiffener of a ship in
service is to have in order to fulfil the buckling check. This thickness is to be calculated as specified in [3.2.2]

tr : Renewal thickness, in mm, of ordinary stiffener face plate, i.e. the face plate thickness that an ordinary stiffener of a
ship in service is to have in order to fulfil the buckling check. This thickness is to be calculated as specified in [3.2.2]

wg : Rule gross section modulus, in cm?, of ordinary stiffeners, defined in [3.2.3]

WR;  : Re-assessment work ratio, defined in [4.2.1]

WR, : As-built work ratio, defined in [4.2.2]

try . Yielding renewal thickness, in mm, of primary supporting members, i.e. the thickness that the plating which

constitutes primary supporting members of a ship in service is to have in order to fulfil the yielding check. This
thickness is to be calculated as specified in [4.3.2]

trs . Buckling renewal thickness, in mm, of primary supporting members, i.e. the thickness that the plating which
constitutes primary supporting members of a ship in service is to have in order to fulfil the buckling check. This
thickness is to be calculated as specified in [4.3.3]

E : Young’s modulus, in N/mm?, to be taken equal to:

e for steels in general: E = 2,06.10°> N/mm?

e for stainless steels: E=1,93.10° N/mm?
% : Poisson’s ratio. Unless otherwise specified, a value of 0,3 is to be taken into account
Reny : Minimum yield stress, in N/mm?, of the material, defined in Pt B, Ch 4, Sec 1, [2]
Yoo Yoo Yi1s -+, Yko : Partial safety factors, defined in [1].

G
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1 Partial safety factors

1.1 General

1.1.1 The partial safety factors v,, and y; are defined in:

e PtB, Ch7, Sec1,[1.2] for plating

e PtB, Ch7, Sec2, [1.2] for ordinary stiffeners

e PtB, Ch?7, Sec 3, [1.3] for primary supporting members.

1.2 Partial safety factors based on the increased knowledge of the structure

1.21 General
The partial safety factors Yy, i, TO Yko take into account the increased knowledge of the structural behaviour obtained through
the surveys carried out on in-service ship structures and verification of their performances. Therefore, they have values equal to
or less than 1,0 and apply to reduce the partial safety factor on resistance, y;, adopted in the strength checks of new ships (see
Part B, Chapter 7.

1.2.2 Partial safety factors yx1, Yk2, Yks and x4 for plating
These partial safety factors are to be calculated as specified in:
e [2.2.2] for minimum thicknesses ()

e [2.2.3] for the strength checks of plate panels subjected to lateral pressure or wheeled loads (yy,)

[
e [2.2.4] for the compression buckling strength checks (yg3)
[2.2.5] for the shear buckling strength checks ().

1.2.3 Partial safety factor s for ordinary stiffeners
The partial safety factor for yielding checks of ordinary stiffeners (ygs) is to be calculated as specified in [3.2.1].

1.2.4 Partial safety factors v, Y7, Yks @and ke for primary supporting members
These partial safety factors are to be calculated as specified in:

e [4.2.1] for reassessment structural analyses (Y, Yc7)

e [4.3.2] for yielding strength checks (yq)

e [4.3.3] for buckling strength checks ().

2 Acceptance criteria for plating

21 Application

211 General
The acceptance criteria for measured thicknesses of plating, together with the application procedure to be adopted during the
reassessment of hull structures, are indicated in Fig 1.

Figure 1 : Acceptance criteria for measured thicknesses of plating and application procedure

Thickness measurements t,, Steel renewal required

No steel renewal required

HOT SPOT ITEM

N7
(LA

BURY
SV
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2.2 Renewal thicknesses

2.21 Overall renewal thickness
The overall renewal thickness is to be obtained, in mm, from the following formula:

tg = max (tgq, tro, try, tra)

2.2.2 Minimum renewal thickness
The minimum renewal thickness is to be obtained, in mm, from the following formula:

tri =14 Y

where:

t, : Minimum net thickness, in mm, to be calculated as specified in Pt B, Ch 7, Sec 1, [2.2]
Yk . Partial safety factor: 7y, = Np ¥, without being taken greater than 1,0

N, : Coefficient defined in Tab 1

¥, =1 Llatie

t

Table 1 : Coefficient N,

Plating Coefficient Np
In general, including that which constitutes web of primary 0.85
supporting members ’
Plating which constitutes face plate of primary supporting 0.89

members

2.2.3 Renewal thickness of plating subjected to lateral pressure or wheeled loads
The renewal thickness of plating subjected to lateral pressure or wheeled loads is to be obtained, in mm, from the following formula:

tre = LYk
where:
t : Net thickness, in mm, to be calculated as specified in:

e PtB, Ch?7, Sec1, [3], as applicable, for plating subjected to lateral pressure
e PtB, Ch7, Sec1, [4], as applicable, for plating subjected to wheeled loads

where the hull girder stresses are to be calculated considering the hull girder transverse sections constituted by
elements (plating, ordinary stiffeners, primary supporting members) having their measured thicknesses and scantlings

Yk2 : Partial safety factor: ¥, = Np ¥, without being taken greater than 1,0
N, : Coefficient defined in Tab 1
W, = 1+ tert i

t

224 Compression buckling renewal thickness
The compression buckling renewal thickness is to be obtained, in mm, from the following formula:

trs =13 Vi3

where:

t; : Net thickness to be obtained, in mm, from the following formulae:

2
t, :7?: GW—X1YRY’E;]2€(1 V)10*  for Y YO < %
b [ 3(1-v)R 3 Res
- n EK1£((R9H'())-X1;RYm)1O for Yn%0w > 2

b . Length, in m, of the plate panel side, defined in Pt B, Ch 7, Sec 1, [5.1.2]

O, . In plane hull girder normal stress, in N/mm? to be calculated as specified in Pt B, Ch 7, Sec 1, [5.2.2], considering
the hull girder transverse sections as being constituted by elements (plating, ordinary stiffeners, primary supporting
members) having their measured thicknesses and scantlings

g, K, . Coefficients defined in Pt B, Ch 7, Sec 1, [5.3.1]

Y3 : Partial safety factor: y; = Np ¥; without being taken greater than 1,0

N . Coefficient defined in Tab 1

p

po - 1+ latle
3 6

G
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2.2.5 Shear buckling renewal thickness

The shear buckling renewal thickness is to be obtained, in mm, from the following formula:

tra = 14 Yia

where:

ty Net thickness to be obtained, in mm, from the following formulae:

b [t YrYn12(1-V7), 3 Ren
ty== [HRIm " 21Q f <
+T o EK, or YmYrTy 2.3
2 2
ty = b/ BC-VIRw 10° for YmYrT; > Ren
TN EK, (Ren-o/3T1 YY) 2./3

b Length, in m, of the plate panel side, defined in Pt B, Ch 7, Sec 1, [5.1.3]

T In plane hull girder shear stress, in N/mm?, to be calculated as specified in Pt B, Ch 7, Sec 1, [5.2.3], considering the
hull girder transverse sections as being constituted by elements (plating, ordinary stiffeners, primary supporting
members) having their measured thicknesses and scantlings

K, Coefficient defined in Pt B, Ch 7, Sec 1, [5.3.2]

Yia Partial safety factor: yi, = Np W, without being taken greater than 1,0

N, Coefficient defined in Tab 1

¥, = 1 Llatie

t,

2.2.6 Rule gross thickness

The rule gross thickness is to be obtained, in mm, from the following formula:

to=max (4, t, &, ) +ty + 1,

where t;, t,, t; and t, are the net thicknesses defined in [2.2.2], [2.2.3], [2.2.4] and [2.2.5], respectively.

3

3.1

3.1.1 The acceptance criteria for measured scantlings of ordinary stiffeners, together with the application procedure to be

Acceptance criteria for ordinary stiffeners

Application

adopted during the reassessment of hull structures, are indicated in Fig 2.

Figure 2 : Acceptance criteria for measured scantlings of ordinary stiffeners and application procedure

Scantling measurements

tM' tM,W’ tM,F:

Steel renewal required

Wy W+ 0,25(W, - W)
AND

tM,W > thw + O,25(tAYW - tHW)
AND

No steel renewal required

e 2tpp + 025 F ~the)
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3.2 Renewal scantlings

3.21 Renewal section modulus

The renewal section modulus is to be obtained, in cm?, from the following formula:

Wg = Wy Yks

where:

Wy : Net section modulus, in cm?, to be calculated as specified in Pt B, Ch 7, Sec 2, [3], where the hull girder stresses are
to be calculated considering the hull girder transverse sections constituted by elements (plating, ordinary stiffeners,
primary supporting members) having their measured thicknesses and scantlings

Yks : Partial safety factor: y; = Ng W5 without being taken greater than 1,0

Ng . Coefficient defined in Tab 2

1+ &
S 1 —otc
o, B : Parameters, depending on the type of ordinary stiffener, defined in Pt B, Ch 4, Sec 2, Tab 1.

Table 2 : Coefficient Ng

Ordinary stiffeners Ns
Flat bars and bulb profiles 0,85
Flanged profiles 0,81

3.2.2 Renewal web and face plate thicknesses

The renewal web and face plate thicknesses are to be obtained, in mm, from the following formulae:
tgw = hw / Cy

ter= b/ Ce

where:

hy : Web height, in mm

by : Face plate breadth, in mm

Cw, C¢ : Coefficients depending on the type and material of ordinary stiffeners, defined in Tab 3.

In any case, the renewal web and face plate thicknesses are to be not less than those obtained according to Pt A, Ch 2, App 3,
[4], considering a maximum percentage of wastage equal to 0,75 times the relevant values there specified.

3.2.3 Rule gross section modulus

The rule gross section modulus is to be obtained, in cm?, from the following formula:

i
where:
o, B : Parameters, depending on the type of ordinary stiffener, defined in Pt B, Ch 4, Sec 2, Tab 1
Wy : Net section modulus, in cm?, defined in [3.2.1].
Table 3 : Coefficients C, and C¢
Cw Cr
Type of ordinary stiffeners Rt =235N/ | Ryy=315N/ | Ryy=355N/ | Ryy=235N/ | Ryy=315N/ | Ry =355N/
mm? mm? mm? mm? mm? mm?

Flat bar 20 18 17,5 Not applicable

Bulb 56 51 49 Not applicable

With symmetrical face plate 56 51 49 34 30 29

With non-symmetrical face plate 56 51 49 17 15 14,5
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4 Acceptance criteria for primary supporting members

41 Application

4.1.1 The acceptance criteria for measured scantlings of primary supporting members, together with the application procedure

to be adopted during the reassessment of hull structures, are indicated in Fig 3.

4.2 Work ratios

421 Reassessment work ratio

The reassessment work ratio is to be obtained from the following formula:

WRg = max (YgeWRy, Y WRg)

where:

Yo : Partial safety factor: yy, = 0,85

Y7 : Partial safety factor: y; = 1,00

WRy @ Yielding work ratio, defined in [4.2.3]
WRg  : Buckling work ratio, defined in [4.2.4].

Figure 3 : Acceptance criteria for measured scantlings of primary supporting members and application procedure
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4.22 As-built work ratio
The as-built work ratio is to be obtained from the following formula:

WR, = max (WRy, WRy)

where:
WRy @ Yielding work ratio, defined in [4.2.3]
WRg : Buckling work ratio, defined in [4.2.4].

4.2.3 Yielding work ratio
The yielding work ratio is to be obtained from the following formula:

WRy = YRYmOvm
RY

where:

Oum : Equivalent stress, in N/mm?, to be calculated as specified in Pt B, Ch 7, App 1, [5.1.2], considering the hull structure
as being constituted by elements (plating, ordinary stiffeners, primary supporting members) having their measured
thicknesses and scantlings

R, ¢ Minimum yield stress, in N/mm?, of the material, to be taken equal to 235/k N/mm?

k . Material factor, defined in Pt B, Ch 4, Sec 1, [2.3].

4.2.4 Buckling work ratio
The buckling element work ratio is to be obtained from the following formula:

WR; = max (WRg;, WRg,, WRgs, WRg,)

where:
WRg; : Compression buckling work ratio:
WR,, = YRYmOb
WRg, : Shear buckling work ratio:
WRBZ — TRYmTp
WRg; : Compression, bending and shear buckling work ratio:
- F
WRg; = P
WRg, : Bi-axial compression 