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SECTION 3 STRUCTURES
C3.0 Documents to be submitted
C3.0.1 General

A Table C3.0.1 lists the structural plans that are

to be submitted to the Society, in triplicate, for examination
and approval.

2 In addition, information relative to the fol-
lowing is to be submitted:

= longitudinal weight distribution and position of the lon-
gitudinal centre of gravity of the craft

design loading conditions including:
- still water bending moments (SWBM) distribution
- shear force (SF) distribution

- description of corresponding loading cases

draught and trim of the craft at sea, at rest and at its
maximum speed in calm water (for SES, in both off-
cushion and on-cushion conditions)

any direct calculations performed

results of model tests and full-scale measurements.

Structures Chapter 1

C3.0.2 Additional information for fibre-
reinforced plastic (FRP) craft

1 For FRP craft, the drawing and documents to
be submitted for examination and listed in C3.0.1 are to
contain the following additional information:

= arrangement of laminate for the various structural ele-
ments: thickness, definition of successive layers of
reinforcement, mass per square metre in layers of rein-
forcement, proportion in mass of reinforcement for each
layer, directions of roving layers and unidirectional rein-
forcements, decreasing in thickness between layers,

« direction of laminate in relation to craft structure,

« structure of oil tanks or other liquid tanks which are
integrated into the hull,

= details of connection among various structural elements
and details of attachment to the hull of supplementary
reinforcing elements,

= npillars.
2 Suppliers’ technical specifications with indi-

cation of types, trademarks and references of resins and gel-
coats, reinforcements and core materials are to be supplied.

Table C3.0.1
Plan Containing information relevant to:
Midship section = moulded dimensions, maximum service speed V, design acceleration acg and, if known, limit
Main sections wave height (see C3.3.4)

= materials

= typical structural details

Longitudinal sections

Decks = openings

« deck loads, if different from Rule loads

Shell expansion = openings

Machinery space structure

machinery mass and position of centre of gravity

Watertight bulkheads

openings
position of air vents
typical structural details

Deckhouses

details of connections between different materials

Rudder

rudder stock material

Propeller shaft brackets

material

Equipment

Testing plan

position of air vents
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These specifications are to give the following information:

= resins: type (orthophthalic or isophthalic), specific grav-
ity, Young’s modulus, Poisson’s ratio, breaking strength
and elongation at break,

= reinforcements (mats, woven rovings, unidirectional
reinforcements): quality (glass or other material, with
specific gravity, breaking strength of the elementary
fibre, Young’s modulus and Poisson’s ratio), mass per
square metre, thickness and possibly weft-warp
distribution,

= core materials: type and quality; specific gravity; tensile,
compressive and shear strength and elasticity moduli.

3.1 General

This Section covers those elements of hull and superstruc-
ture which provide longitudinal and other primary and local
strength of the craft as a whole and also other important
components such as foils and skirts which are directly asso-
ciated with the hull and superstructure.

3.2 Materials

Materials used for the hull and superstructure and the other
features referred to in 3.1 should be adequate for the
intended use of the craft.

3.3 Structural strength

The structure should be capable of withstanding the static
and dynamic loads which can act on the craft under all
operating conditions in which the craft is permitted to oper-
ate, without such loading resulting in inadmissible
deformation and loss of watertightness or interfering with
the safe operation of the craft.

3.4 Cyclic loads

Cyclic loads, including those from vibrations (see note),
which can occur on the craft should not:

e impair the integrity of structure during the anticipated
service life of the craft or the service life agreed with the
Administration;

e hinder normal functioning of machinery and equip-
ment; and

< impair the ability of the crew to carry out its duties.

Note: In scope of classification, the structural strength against
vibrations is not checked.

The vibration check shall be performed during the sea trials of the
craft. Where deemed necessary, the Society may require vibration
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measurements to be carried out using suitable instruments; where
appropriate, remedial measures may be required to adequately
eliminate situations deemed unacceptable.

3.5 Design criteria

The Administration should be satisfied that the choice of
design conditions, design loads and accepted safety factors
corresponds to the intended operating conditions for which
certification is sought.

3.6 Trials

If the Administration consider it necessary it should require
full-scale trials to be undertaken in which loadings are deter-
mined. Cognizance should be taken of the results where
these indicate that loading assumptions of structural calcu-
lations have been inadequate.

C3.1 General
C3.1.1 Introductory comments
1 This section C3 contains the requirements

for structural scantlings of the craft to which these Rules
apply, i.e. to craft for which V > 7,16 AY6. Craft for which
V 210 L°5 shall be individually considered by the Society
(V in knots, A in tonnes).

For what concerns multihull craft, this Section provides the
requirements for scantlings of twin-hull craft. Other craft
will be considered in each separate case by the Society.

2 The requirements for scantlings of hydrofoils
and air-cushion vehicles are contained in Appendices C3A1
and C3A2. Unless otherwise specified, the requirements of
this Section apply to such craft only as far as the provisions
regarding limit operating conditions, materials and con-
struction criteria are concerned.

3 The scantlings indicated in the following par-
agraphs apply to craft constructed of steel, aluminium alloy
or fibre reinforced plastic, as specified in C3.2.

C3.1.2 Direct calculations

1 The Society may require direct calculations
to be carried out, if deemed necessary according to the pro-
visions of C3.6.

Such calculations are to be carried out based on structural
modelling, loading and checking criteria described in C3.6.
Calculations based on other criteria may be accepted if
deemed equivalent to those laid down by the Society.
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C3.13 Units
A Unless otherwise specified, the following

units are used in the Rules:

= thickness of plating, in mm,

= section modulus of stiffeners, in cm3,
= shear area of stiffeners, in cm?,

= span and spacing of stiffeners, in m,

e stresses, in N/mm2,

= concentrated loads, in kN,

= distributed loads, in KN/m or kN/m?2,

C3.1.4 Definitions and symbols

A The definitions of the following terms and
symbols are applicable throughout this Section and its
Appendices and are not, as a rule, repeated in the different
paragraphs. Definitions applicable only to certain para-
graphs are specified therein.

“Moulded base line”: The line parallel to the summer
load waterline, crossing the upper side of keel plate or
the top of skeg at the middle of length L.

- “Hull”: The hull is the outer boundary of the enclosed
spaces of the craft, except for the deckhouses, as
defined below.

- “Chine”: For hulls that do not have a clearly identified
chine, the chine is the hull point at which the tangent to
the hull is inclined 50° to the horizontal.

- “Bottom”: The bottom is the part of the hull between the
keel and the chines.

- “Main deck”: The main deck is the uppermost complete
deck of the hull. It may be stepped.

- “Side”: The side is the part of the hull between the chine
and the main deck.

- “Deckhouse”: The deckhouse is a decked structure
located above the main deck, with lateral walls inboard
of the side of more than 4 per cent of the local breadth.
Structure located on the main deck and whose walls are
not in the same longitudinal plane as the under side
shell may be regarded as a deckhouse.

- “Cross-deck™: For twin-hull craft, the cross-deck is the
structure connecting the two hulls.

- “Deadrise angle ay”: For hulls that do not have a clearly
identified deadrise angle, oy is the angle between the
horizontal and a straight line joining the keel and the
chine. For catamarans with non-symmetrical hulls
(where inner and outer deadrise angles are different),o,
is the lesser angle.

- “Fore end”: Hull region forward of 0,9 L from the aft
perpendicular.

- “Aft end”: Hull region abaft of 0,1 L from the aft
perpendicular.

- “Midship area”: Hull region between 0,3 L and 0,7 L
from the aft perpendicular.
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L . Rule length, in m, equal to Ly, where L, is the
waterline measured with the craft at rest in
calm water and, for SESs, in the off-cushion
condition

FP : forward perpendicular, i.e. the perpendicular at
the intersection of the waterline at draught T
and the foreside of the stem

AP . aft perpendicular, i.e. the perpendicular located
at a distance L abaft of the forward perpendicu-
lar

B . the greatest moulded breadth, in m, of the craft

B, : the greatest moulded breadth, in m, measured

on the waterline at draught T, for catamarans,
B,, is the breadth of each hull

Bum : the greatest moulded breadth, in m, measured
below or on the waterline at draught T; for cat-
amarans, B, is the breadth of each hull

D . depth, in m, measured vertically in the trans-
verse section at the middle of length L from the
moulded base line of the hull(s) to the top of
the deck beam at one side of the main deck (if
the main deck is stepped, D will be defined in
each separate case at the discretion of the
Society)

T . draught of the craft, in m, measured vertically
on the transverse section at the middle of
length L, from the moulded base line of the
hull(s) to the full load waterline, with the craft
at rest in calm water and, for SESs, in the off-
cushion condition

A : moulded displacement at draught T, in sea
water (mass density = 1,025 t/m3), in tonnes

Cg . total block coefficient, defined as follows:
Cs A

T (L05 L By T)
For catamarans, C; is to be calculated for a sin-

gle hull, assuming A equal to one half of the
craft’s displacement

\% : maximum service speed, in knots
g . acceleration of gravity, equal to 9,81 m/s?
LCG :longitudinal centre of gravity of the craft.
C3.15 Protection against corrosion
A Scantlings stipulated in C3.7 assume that the

materials used are chosen and protected in such a way that
the strength lost by corrosion is negligible.

2 The Shipyard is to give the Society a docu-
ment specifying all the arrangements made to protect the
material against corrosion at the construction stage: coating
types, number and thickness of layers, surface preparation,
application conditions, control after completion, anodic
protection, etc.
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3 This document must also include mainte-
nance arrangements to be made in service to restore and
maintain the efficiency of this protection, whatever the rea-
sons of its weakening, whether incidental or not.

4 All such maintenance operations are to be
listed in a book shown to the Society surveyor at each visit.

C3.1.6 Rounding-off

A Values for thickness as deduced from formu-
lae are to be rounded off to the nearest standard value,
without such a reduction exceeding 3 per cent.

C3.2 Materials and connections
C3.21 General requirements
A Materials to be used in hull and equipment

construction, in delivery condition, are to comply with
these requirements or with specific requirements applicable
to individual cases; they are to be tested in compliance with
the applicable provisions. Quality and testing requirements
for materials covered here are outlined in relevant Society
Rules.

2 These requirements presume that welding
and other cold or hot manufacturing processes are carried
out in compliance with current sound working practice and
relevant Society provisions. The latter, in particular, may
include requirements concerning welding operations and
techniques and other manufacturing processes (e.g., spe-
cific preheating before welding and/or welding or other
cold or hot manufacturing processes followed by an appro-
priate heat treatment).

3 Welding processes shall be approved for the
specified type of material for which they are intended and
with limits and conditions as stated in the applicable Soci-
ety requirements.

C3.2.2 Steel structures
C3.2.21 Steels for hull structures, forgings and
castings
A The provisions of the relevant Society Rules
apply.
C3.2.2.2 Under thickness tolerances
A The following requirements apply to the

under-thickness tolerances of steel plates and wide flats.
2 The maximum permissible under thickness

tolerance for structural hull plates and wide flats for both
normal and high strength steels is 0,3 mm.
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3 The thickness is to be measured at random
locations located at least 25 mm from an edge. Local sur-
face depressions resulting from imperfections and ground
areas resulting from the elimination of defects may be
disregarded.

4 Responsibility for maintaining the required
tolerances rests with the Manufacturer, who is to carry out
the necessary measurements.

C3.2.2.3 Material factor K for scantlings of
structural members made of high
strength steel

A The value of the material factor K to be intro-

duced into formulae to check structures given in this
Section and in the various Appendices is a function of the
minimum yield stress R, value specified for the steel to be
used.

2 Table C3.2.1 shows the values of the material
factor K to be taken depending on the R, value of the vari-
ous high strength steels for hull structures for which
Ren <390 N/mm2,

Table C3.2.1
Rey (N/mm?) K
235 1,00
315 0,78
355 0,72
390 0,70
3 The use of steels for which R, > 355 N/mm?

will be considered in each separate case by the Society,
which may stipulate special acceptance conditions.

4 If, for special structures, the use of steels for
which R, < 235 N/mm?, has been accepted by the Society,
the material factor is to be determined by:

K = 235/ Ry

.5 In the case where the use of steels with R,
values which are intermediate between those indicated in
Table C3.2.1 is allowed, the values of the material factor K
may be determined by means of linear interpolation.

C3.2.3 Aluminium alloy structures

C3.2.3.1 Aluminium alloys for hull structures,

forgings and castings

1 The designation of aluminium alloys used
here complies with the numerical designation used in
RRIAD (Registration Record of International Alloy
Designation).

GL 2002
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Table C3.2.2 - Aluminium alloys for welded construction
Guaranteed mechanical characteristics (1)
Aluminium alloy Unwelded condition Welded condition
Alloy @ Tegg)er Products Th(lrfwkr:;ess (N/r::r?;) @ (N/mF:rTZ) ) (N/:\:'gf) @) (N/mRmmz) )
0/H111 rolled t<50 125 275 125 275
5083 H 321 rolled t<40 215 305 125 275
0 extruded all 110 270 110 270
0/H111 rolled all 100 240 100 240
5086 H 321 rolled all 185 275 100 240
0 extruded all 95 240 95 240
5383 0/H111 rolled t<40 145 290 145 290
H 321 rolled t<40 220 305 145 290
0/H111 rolled t<40 155 300 155 300
5059 H 321 rolled t<20 270 370 155 300
rolled 20<t<40 260 360 155 300
5454 0/H111 rolled all 85 215 85 215
F rolled all 100 210 100 210
5754 0/H111 rolled t<6 80 190 80 190
t>6 70 190 70 190
closed extru- t<6 215 255 105 165
6005 T5/76 sions 6<t<25 200 250 100 165
open t<10 215 260 95 165
extrusions 10<t<25 200 250 80 165
6060 (3) T5 extruded t<6 150 190 65 115
6<t<25 130 180 65 110
6061 T6 extruded t<25 240 260 115 155
6082 T6 extruded t<15 255 310 115 170
6106 T5 extruded t<6 195 240 65 130
6351 T5 extruded t<25 240 260 140 165
(1) The guaranteed mechanical characteristics in this Table correspond to general standard values. For more information, refer to the
minimum values guaranteed by the product supplier. Higher values may be accepted on the basis of welding tests including recur-
rent workmanship test at the shipyard only.
(2) Other grades or tempers may be considered, subject to the Society’s agreement.
(3) 6060 alloy is not to be used for structural members sustaining impact loads (e.g. bottom longitudinals). The use of alloy 6106 is
recommended in that case.
(4) R,0, and R, ;" are the minimum guaranteed yield stresses at 0,2% in unwelded and welded condition respectively.
(5) R, and R,,” are the minimum guaranteed tensile strengths in unwelded and welded condition respectively.

2 The characteristics of aluminium alloys to be
used in the construction of aluminium craft are to comply
with the relevant requirements of the Society Rules.

3 As a rule, series 5000 aluminium-magnesium
alloys or series 6000 aluminium-magnesium-silicon alloys
(see Table C3.2.2) shall be used.

4 The use of series 6000 alloys or extruded
platings, for parts which are exposed to sea water atmos-
phere, will be considered in each separate case by the
Society, also taking into account the protective coating
applied.

GL 2002

5 The list of aluminium alloys given in Table
C3.2.2 is not exhaustive. Other aluminium alloys may be
considered, provided the specification (manufacture, chem-
ical composition, temper, mechanical properties, welding,
etc.) and the scope of application be submitted to the Soci-
ety for review.

.6 In the case of welded structures, alloys and
welding processes are to be compatible and appropriate, to
the satisfaction of the Society and in compliance with the
relevant Rules.

7 For forgings or castings, requirements for

chemical composition and mechanical properties are to be
defined in each separate case by the Society.
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.8 In the case of structures subjected to low
service temperatures or intended for other particular appli-
cations, the alloys to be employed are to be defined in each
separate case by the Society which is to state the acceptabil-
ity requirements and conditions.

.9 Unless otherwise specified, the Young’s mod-
ulus for aluminium alloys is equal to 70000 N/mm? and the
Poisson’s ratio equal to 0,33.

C3.2.3.2 Extruded platings

A Extrusions with built-in plating and stiffeners,
referred to as extruded plating, may be used.

2 In general, the application is limited to decks
and deckhouses. Other uses may be permitted at the discre-
tion of the Society.

3 Extruded plating is preferably to be oriented
so that the stiffeners be parallel to the direction of main
stresses.

4 Connections between extruded plating and
primary members are to be given special attention.

C3.2.3.3 Tolerances

A The under-thickness tolerances of plates and
rolled sections are to be in accordance with Table C3.2.3.

Table C3.2.3
As-built thick
s-built thickness Under-thickness tolerance (mm)

(mm)
t<8 0,3

8<t<12 0,5

12<t<20 0,7
t>20 1,0

2 The under-thickness tolerances of extruded

platings are to be in accordance with Table C3.2.4, but not
taken greater than 7% of the as-built thickness. Otherwise,
the reduced plate thickness has to be considered.

Table C3.2.4
As-built thickness Under-thickness tolerance (mm)
(mm)
t<6 0,3
6<t<10 0,4
3 The responsibility for maintaining the

required tolerances lies with the manufacturer, who shall
also inspect the surface condition.
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C3.2.34 Influence of welding on mechanical

characteristics

1 Welding heat input lowers locally the
mechanical strength of aluminium alloys hardened by work
hardening (series 5000 other than condition O or H111) or
by heat treatment (series 6000).

2 Consequently, where necessary, a drop in
mechanical characteristics of welded structures is to be
considered in the heat-affected zone, with respect to the
mechanical characteristics of the parent material.

3 The heat-affected zone may be taken to
extend 25 mm on each side of the weld axis.

4 Aluminium alloys of series 5000 in O condi-
tion (annealed) or in H111 condition (annealed flattened)
are not subject to a drop in mechanical strength in the
welded areas.

5 Aluminium alloys of series 5000 other than
condition 0 or H111 are subjected to a drop in mechanical
strength in the welded areas. The mechanical characteristics
to consider in welded condition are, normally, those of con-
dition 0 or H111, except otherwise indicated in Table
C3.2.2. Higher mechanical characteristics may be taken
into account, provided they are duly justified.

.6 Aluminium alloys of series 6000 are subject
to a drop in mechanical strength in the vicinity of the
welded areas. The mechanical characteristics to be consid-
ered in welded condition are, normally, to be indicated by
the supplier, if not indicated in Table C3.2.2.

C3.2.3.5 Material factor K for scantlings of
structural members made of aluminium
alloy

1 The value of the material factor K to be intro-

duced into formulae for checking scantlings of structural
members, given in this Section and the various Appendices,
is determined by the following equation:

100

R,Iim

where:

K =

R’lim : minimum guaranteed yield stress of the parent
metal in welded condition R’ ,, in N/mm?2, but
not to be taken greater than 70% of the mini-
mum guaranteed tensile strength of the parent
metal in welded condition R’,, in N/mm? (see
Table C3.2.2).

2 For welded constructions in hardened alu-
minium alloys (series 5000 other than condition 0 or H111
and series 6000), greater characteristics than those in
welded condition may be considered, provided that welded
connections are located in areas where stress levels are
acceptable for the alloy considered in annealed or welded
condition.
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3 In case of welding of two different alumin-
ium alloys, the material factor K to be considered for the
scantlings of welds is to be the greater material factor of the
aluminium alloys of the assembly.

C3.2.3.6 Strength of welding

A The effective length in mm of the lines of
welding is given by:
d.=d-20

where d is the actual length in mm of the line of welding.

C3.2.3.7 Riveted connections for aluminium alloy
hulls
A Use of rivets for connecting structures is lim-

ited, in principle, only to members which do not contribute
to the overall strength of the hull. Exceptions are to be sup-
ported by experimental evidence or good in-service
performance.

2 The conditions for riveted connection
acceptability are to be individually stated in each particular
case, depending on the type of member to be connected
and the rivet material.

3 Whenever riveted connections are to be
employed, a detailed plan, illustrating the process, as well
as the dimensions and location of rivets and holes, together
with the mechanical and metallurgical properties of the riv-
ets, is to be submitted for approval.

4 The Society may, at its discretion, require
tension, compression and shear tests to be carried out on
specimens of riveted connections constructed under the
same conditions as during actual hull construction, to be
witnessed by a Society surveyor.

5 The Society reserves the right to accept the
results of tests performed by recognized bodies or other
Societies.

C3.24 Welding connections

C3.24.1 General requirements

A For welding, the requirements of relevant
Society Rules apply. In particular, these provisions make the
adoption of welding procedures dependent on their previ-
ous qualification by the Society. In addition, individual
builders are to hold an authorization by the Society to use
these procedures, employing welders qualified by the
Society.

2 For welds design and throat thicknesses, the
requirements of relevant Society Rules apply.

In addition, intermittent welds are not allowed in following
ZOoNnes:
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- structure in way of waterjets or propellers

- structure in way of stabilisation devices such as foils,
interceptors or tabs

- structure submitted to water impact

C3.24.2 Accessibility and edge preparation

1 For correct execution of welded joints, suffi-
cient accessibility is necessary, depending on the welding
process adopted and the welding position.

2 Edge cutting, to be carried out in general by
machining, is to be regular and without burrs or cuts.

.3 The structural parts to be welded as well as
those adjacent, even if they have been previously pickled,
are to be cleaned carefully before welding, using suitable
mechanical means, such as stainless steel wire brushes, so
as to eliminate oxides, grease or other foreign bodies which
could give rise to welding defects.

4 Edge preparation, alignment of joints, spot-
welding methods and root chipping are to be appropriate to
the type of joint and welding position, and comply with
Society Rule requirements for the welding procedures
adopted.

C3.243 Inspections

1 Inspections of welded connections by the
Society surveyors are, in general, those specified in (a) to (e)
below. The extent of inspection will be defined by the Soci-
ety on a case by case basis.

(@) Inspection of base materials for compliance with the
requirements this Article and of structures with the
approved plans.

(b) Inspection of the use and application conditions of
welding procedures for compliance with those
approved and verification that qualified welders are
employed.

(c) Visual examination of edge preparations, root chipping
and execution of welds in way of structural
connections.

(d) Examination of radiographs of welded joints (radio-
graphing is to be performed, if necessary, depending on
the extent of the examinations), and inspection of per-
formance of execution of the ultrasonic or magnetic
particle examinations, which may be required.

(e) Inspection of any repairs, to be performed with proce-
dures and inspection methods at the discretion of the
Society surveyor.

2 Irrespective of the extent of such inspections,
it is the responsibility of the builder to ensure that the man-
ufacturing procedures, processes and sequences are in
compliance with relevant Society requirements, approved
plans and sound working practice. For this purpose, the
shipyard is to have its own production control organization.
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C3.24.4 Welding processes for light alloys

A1 In general, the welding of the hull structures
is to be performed with the MIG (metal-arc inert gas) and
TIG (tungsten-arc inert gas) processes using welding con-
sumables recognized as suitable for the base material to be
used. Welding processes and filler materials other than
those above are to be individually considered by the Soci-
ety at the time of the approval of welding procedures.

2 For the authorization to use welding proce-
dures in production, the following details are to be stated:

(a) grade and temper of parent and filler materials

(b) weld execution procedures: type of joint (e.g. butt-joint,
fillet joint); edge preparation (e.g. thicknesses, bevelling,
right angle edges); welding position (e.g. flat, vertical,
horizontal) and other parameters (e.g. voltage, amper-
age, gas flow capacity)

(c) welding conditions (e.g. cleaning procedures of edges
to be welded, protection from environmental
atmosphere)

(d) special operating requirements for butt-joints, for exam-
ple for plating: welding to be started and completed on
end pieces outside the joint, back chipping, arrange-
ments for repairs consequent to possible arc restarts

(e) type and extent of controls during production.

C3.25 Corrosion protection - heterogeneous
steel/aluminium alloy assembly

A Connections between aluminium alloy parts,
and between aluminium alloy and steel parts, if any, are to
be protected against corrosion by means of coatings applied
by suitable procedures agreed by the Society.

2 In any case, any direct contact between steel
and aluminium alloy is to be avoided (e.g. by means of zinc
or cadmium plating of the steel parts and application of a
suitable coating on the corresponding light alloy parts).

3 Any heterogeneous jointing system is subject
to the Society’s agreement.

4 The use of transition joints made of alumin-
ium/steel-cladded plates or profiles is subject to the
Society’s agreement.

5 Transition joints are to be type-approved.

.6 Qualifications tests for welding procedures
are to be carried out for each joint configuration.

s A welding booklet giving preparations and
various welding parameters for each type of assembly is to
be submitted for review.
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C3.2.6 Fibre-reinforced plastic (FRP) structures
C3.2.6.1 Raw materials
1 The main raw materials are to be homolo-

gated by the Society.

It may be accepted as equivalent that main raw materials
should be individually inspected by the Society. In such a
case, each batch being used is submitted to tests, the condi-
tions and scope of which are stipulated by the Society’s
surveyor.

2 Reinforcement fibres

(a) Fibres for reinforcement may be textile glass or aramid
or carbon fibres or other fibres.

(b) Products laid on a surface, such as size, binder and cou-
pling finish, are to ensure cohesion between fibres and
resins.

(c) During manufacturing, the shipyard is to ensure that
reinforcement materials are to be free from scrap matter
and without defects, detrimental to their use.

3 Resins

(@) Resins are to be capable of withstanding ageing in
marine environments and industrial atmospheres.

(b) Resins are to be used within the limits fixed by the man-
ufacturer. In this respect, the surveyor may ask for any
relevant proof.

4 Core materials for sandwich laminates

(a) Expanded foams contributing to sandwich laminate
strength are to be of the closed cell type and compatible
with the resins used.

(b) Expanded polystyrenes may be used only as filling or
buoyancy materials.

5 Additives

(@) Fillers and pigments are to affect neither the conditions
of polymerisation of the impregnation resin nor its
mechanical characteristics. The percentage of both of
them is not to exceed, as a rule, 10% of the mass of
resin, with a maximum of 2% for thixotropic agents and
5% for flame retarders.

The use of microspheres is subject to special
examination.

(b) The type and proportions of catalyst and accelerator are
to be adjusted in any case to the conditions of work
(production rate) and ambient atmosphere (tempera-
ture).

In order to ensure complete curing, the builder is to
respect the indications of the resin manufacturer, partic-
ularly for the ratio of catalyst.
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.6 Materials for integrated structures

(@) These are elements entirely covered with laminate, and
used for reinforcement, moulding, or as lamination sup-
port for stiffeners, for example.

The metals used are withstand seawater and fuel corro-
sion; they are to be of good quality and must not have
any influence on resin curing.

They are to undergo appropriate preparation to improve
bonding with the resin.

—
(=)}
=

(c) As a rule, wood reinforcements are to be of a plywood
type with good seawater resistance. The use of timber is
subject to a special examination.

C3.2.6.2 Tests on laminates

1 General

(@) The shipyard has to make samples representative of
shell materials and possibly of other parts of the struc-
ture, taking into account the type and size of ship.

(b) If sister ships are built at the same shipyard, and pro-
vided that raw materials are not changed, the frequency
of samples for testing is determined by the Society.

(c) These test samples are to be submitted to a laboratory
approved by the Society to undergo mechanical and
physicochemical tests, as defined below.

(d) In general, tests are to be carried out according to the
standards indicated below, or other recognized stand-
ards previously agreed upon with the Society.

(e) These tests must show that laminate characteristics are
at least equivalent to the theoretical values given by
direct calculation following the method given in
C3.2.6.3. Otherwise, supplementary tests may be
required.

(f) The Society reserves the right to require tests different
from those defined below, if particular materials or unu-
sual manufacturing process are used.

(g) Tests are to be carried out on a panel, the composition
of which is to be the same as that of a shell plating area,
without gel-coat.

(h) Identification of the panel is given by the following
elements:

- exact name of the resin, with its specific gravity,
elasticity modulus, and breaking stress in curing
state,

- description of elementary layers,

- characteristics of the laminate (e.g. layer type,
direction),

- direction of the panel in respect of longitudinal axis
of the ship and indication of direction for warp and
weft for the rovings in respect of the same axis.

(i) Conditioning of laminate panels, preparation of test-
pieces, dimensional measurement of testpieces and the
tests defined below are to be carried out according to
recognized standards.
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(j) Tests are to be carried out on testpieces taken out of the
panel in two perpendicular directions. The number of
testpieces for each direction is given by the standard
used for the particular test.

(k) For each group of testpieces and for each result, the
value to consider is the average obtained from the
number of tested pieces, provided that the minimum
value is not less than 0,9 times the mean value. Other-
wise, the value to consider is determined by the Society,
taking testing conditions and dispersion of results into
account.

() Mechanical characteristics are to be obtained from dry
testpieces, i.e. not conditioned in water.

(m) In general, the following tests are to be carried out:

- single skin laminates: tensile tests, bending tests
(three-point method), measurement of specific grav-
ity and percentage of reinforcement in mass,

- sandwich laminates: bending tests (four-point
method), and, for each skin, tensile tests, measure-
ment of specific gravity and percentage of
reinforcement in mass.

(n) Bending tests are to be carried out with the load applied
either on the gel-coat side or on the opposite side. The
choice of the side is to be decided in accordance with
the Society, so that the failure mode of the testpiece is
representative of the case of scantlings of the plating.

(0) Test results are to be shown in a test report, mentioning
the tests in C3.2.6.22 to C3.2.6.24.

2 Tensile tests

(@) In general, these tests are to be carried out for single
skin laminates and the skins of sandwich laminates.

(b) The applicable standard is:
ISO 3268.

(c) For each testpiece, the test report is to provide the fol-
lowing information:

- reference of the standard used for the test,

- widths and thicknesses of the test-piece, in mm,
- length between fixed ends, in mm,

- load (in N) - elongation curve (in mm),

- breaking load, in N,

- tensile breaking stress, in N/mm?,

- tangential initial elasticity modulus, in N/mm?2,

- other items of information required by the standard,
if necessary.

(d) If breaking occurs in several steps, the value taken into
account is the first break obtained from the load-elonga-
tion curve.

(e) The test report is also to indicate the mean value of the
breaking load, breaking tensile strength and tangential
initial elasticity modulus.
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3 Bending tests

(@) In general, bending tests using the three-point method
are to be carried out only for the single skin laminates.

The applicable standard is:
ISO 178.

(b) In general, bending tests using the four-point method
are to be carried out only for sandwich laminates.

The applicable standard is:
ASTM C 393.

(c) For each testpiece, the test report is to provide the fol-
lowing information:

- reference of the standard used for the test,
- widths and thicknesses of the testpiece, in mm,
- length of the span between supports, in mm,

- for the four-point method: location of the points
where the load is applied,

- load (in N) - deflection (in mm) curve,
- breaking load, in N, and failure mode,

- bending breaking strength, in N/mm?, for single skin
laminate tests,

- bending breaking strength of skin and shear break-
ing strength of core for sandwich laminate tests,
both in N/mm?2,

- other items of information required by the standard,
if necessary.

(d) If breaking occurs in several steps, the value taken into
account is the first break obtained from the load-deflec-
tion curve.

(e) The test report is also to indicate the mean value of the
breaking load and breaking strength.

4 Specific gravity and percentage of
reinforcement

(@) In general, these tests are to be carried out for single
skin laminates and the skins of sandwich laminates.

(b) The applicable standards are:
ASTM D 792,
ASTM D 3171.

(c) For each testpiece, the test report is to provide the fol-
lowing information:

- reference of the standard used for the test,

- dimensions, in mm, of the test-piece,

- mass of the test-piece, in g,

- mass by unit of area of the test-piece, in g/m?,
- specific density, in g/m3,

- mass of reinforcement of the test-piece, in g,
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mass of reinforcement by unit of area, in g/m?,

- percentage of reinforcement in mass,

other items of information required by the standard,
if necessary.

(d) The test report is also to indicate the mean value of the
mass by unit of area, in g/m?, specific gravity, in g/m3,
mass of reinforcement by unit of area, in g/m?, and per-
centage of reinforcement in mass.

C3.2.6.3 Estimation of mechanical characteristics
of FRP materials
1 The meanings of the symbols used below are
as follows:

¥ : content in mass of reinforcement in a layer,

[0} : content in volume of reinforcement in a layer,
defined in C3.2.6.32 below,

Uo :vacuum content, equal to 0, if there is no avail-
able information,

E, : Young’s modulus of a layer with unidirectional
fibres, parallel to fibres, in N/mm?, defined in
C3.2.6.32 below,

E, : Young’s modulus of a layer with unidirectional
fibres, perpendicular to fibres, in N/mm?,
defined in C3.2.6.32 below,

Vi,,Vo, - Poisson’s ratios of a layer with unidirectional
fibres, defined in C3.2.6.32 below,

Gy, : Coulomb’s modulus of a layer with unidirec-
tional fibres, in N/mm?, defined in C3.2.6.32
below,

Py . specific gravity of reinforcement, in g/cmé,

Pr . specific gravity of resin, in g/lcm?,

E. : Young’s modulus of reinforcement in the direc-
tion parallel to fibres, in N/mm?,

Esy : Young’s modulus of reinforcement in the direc-
tion perpendicular to fibres, in N/mm?2,

E, . Young’s modulus of resin, in N/mm?,

vy . Poisson’s ratio of reinforcement,

\ . Poisson’s ratio of resin,

G, . Coulomb’s modulus of resin, in N/mm2, defined
in C3.2.6.32 below,

G, . Coulomb’s modulus of the reinforcement, in

N/mm?, as given in Table C3.2.7.

When there is no available information, the values given in
Table C3.2.7 may be considered.
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Table C3.2.7
Fibres Resins
E Glass Aramid HS Carbon HM Carbon Polyester Epoxy
Specific gravity (g/cm3) 2,54 1,45 1,80 1,90 1,20 1,20
Young’s modu- | Parallel to fibres 73000 130000 230000 370000 3000 2600
lus (N/mm?) perpendicular to fibres 73000 5400 15000 6000 - -
Coulomb’s modulus (N/mm?) 30000 12000 50000 20000 - -
Poisson’s ratio 0,25 0,35 0,35 0,35 0,316 0,40
2 Elementary layer The values of E;, E,, v;, and G,, are calculated above,

(@) The content in volume ¢ of reinforcement in the layer is
given by the formula:

V- (1)

Py
+(1-y) v
y+(1-vy) o,

¢ =

(b) Whatever the type of reinforcement used in a particular
layer, the elastic characteristics of a layer with unidirec-
tional fibres having the same content of reinforcement
as that layer are to be calculated first:

= Young’s moduli:
- parallel to fibres
Ei=0¢-En+t(1-9)E
- perpendicular to fibres
E, 1+0,85- @2

l_VTZ. 1,25 [ S
S G e

E, =

« Poisson’s ratios:

Vig = (p'Vv+(1_q))'Vr
E,

Vor = Vi, ==

21 12 El

e Coulomb’s modulus:

_ 1+0,6- %5
G12 Gr' G
1-— 1,25 4 I,
(1= +Eto

where:

E

G = —"—
2-(1+v)

(c) Following any direction that forms an angle 6 with the
direction of fibres, the Young’s moduli of the elemen-
tary layer become:

11 (L 2v).

= = =.cos*0+
E E G &

- sin?0 - cos?0 + Ei - sin“@
2

— 1 ind 1 .2”12)
= + N
E, sin*6 (

12 El

1
EV

- 8in%0 - cos?0 + Ei - C0s*0
2
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directions x and y are defined in Figure C3.2.1.

Figure C3.2.1
Y n2
0 [ /X
\ /// 0
N 14 -

(d) In general, the content in mass of reinforcement in a

layer of mat is between 0,25 and 0,35.

The Young’s modulus of a layer of mat may be esti-
mated from:

w
(&)

Ev=>E+>E

[ee]
[ee]

In this formula, the values E, and E, are those defined
above.

(e) Woven rovings may be taffeta, cotton serge, satin, etc.,

warp and weft balanced or not.

In general, the content in mass of reinforcement in a
woven roving reinforced layer is between 0,4 and 0,6,
and the content in mass of reinforcement in an unidirec-
tional reinforced layer is between 0,6 and 0,7.

The direction of the warp (direction 1) is to be distin-
guished from that of the weft (direction 2); the elastic
characteristics are:

Eir = K-E;+(1-Kk)-E;
E,r = (1-k)-E; +k-E,

where k is the woven balance coefficient equal to the
ratio of warp tensile strength to the sum of tensile
strengths in warp and weft, E; and E, being defined
above.

Generally, a layer reinforced with woven rovings may
be considered as made of two perpendicular unidirec-
tional layers, and it is possible to apply directly to them
the formulae laid down above, taking into account the
actual content of reinforcement in the layer.
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3 Single skin laminates

(@ A laminate is made of n layers. The characteristics of
layer i of the laminate are:

t; . thickness, in mm, regardless of direction,
given by:
|:)vi 1 1*1}’)
t = —4— .= +=—¥).103
(1 -Ho) (pv Vi p

where P, is the mass of reinforcement by
unit of area in layer i in g/m?, and ¥, is the
content in mass of reinforcement in layer i.
Z; : distance, in mm, from the neutral fibre of
layer i to an edge (regardless of direction):
Z; = z; 1+t-—i !

E; : Young’s modulus of layer i, in N/mm?2
assumed to be known and experimentally
verified. E; is the lowest of the values in ten-
sion and compression.

(b) The equivalent tensile elasticity modulus E;, in N/mm?,
of the multi-layer laminate may be calculated by:

=

(c) The distance of the neutral fibre of the multi-layer lami-
nate is, in mm:

E.

= with regard to the edge of reference:

Ei-ti-z
yo B
ZEi-ti

= with regard to the other edge:

V= Ztifv
Distances from the neutral fibre of each layer to the

neutral fibre of the laminate are, in mm:
di = Zi — V

=
RS

The flexural rigidity of the multi-layer laminate El, by
millimetre of width, in N.mm2/mm, is:

[EN] = ZEi-(%+ti.di2)

The inertia of the multi-layer laminate, by millimetre of
width, in mm4mm, is:

—
@D
-~

t

[ = Z(E+ti-dﬁ>

(f) The theoretical bending breaking strength of the multi-
layer laminate, is, in N/mm?2:
El
ou = k- (-0 109)
where:
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k : e 17,0 for laminates using polyester resin,
= 25,0 for laminates using epoxy resin,

e 12,5 for laminates made of carbon rein-
forcements and epoxy resins.

When the breaking strength of the laminate, given by
mechanical tests as stipulated in C3.2.6.2, is greater
than the theoretical calculated value oy, the breaking
strength obtained from tests can be taken into account
to increase the preceding value of 6,,.

4 Sandwich laminates

(@) The inertia and flexural rigidity of sandwich laminates
are to be calculated according to (d) and (e) above, tak-
ing into account the core as an elementary layer with its
own characteristics (thickness and Young modulus of
the core material).

(b) The theoretical bending breaking strength by bending of
skins of the sandwich laminate is, in N/mm?2:
[El]

Op = K- m((lfuo)2 -10®)

where:

[El] . flexural rigidity of the sandwich laminate, in
N.mm2/mm,

m . inertia of the sandwich laminate, in
mm4/mm,

Mo :vacuum content of skins,

k : e« 17,0 for skins using polyester resin,

= 25,0 for skins using epoxy resin,

e 12,5 for skins made of carbon rein-
forcements and epoxy resins.

When the breaking strength of the laminate by bending
of skins, given by mechanical tests as requested in
C3.2.6.2, is greater than the theoretical calculated value
o, the breaking strength obtained from tests can be
taken into account to increase the preceding value of
Cpr-

(c) The shear breaking of a sandwich laminate is to be con-
sidered in each particular case, considering the thick-
ness and the shear breaking strength of the core material
(see C3.8.4.4).

.5 Stiffener

(@) In general, the characteristics of the member considered
as support only for the lamination of the stiffener are not
to be taken into account for estimation of the mechani-
cal characteristics of the stiffener.

(b) Symbols are shown in Table C3.2.8, where:

I : width of the associated plating, defined in
C3.8.4.5.
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Table C3.2.8
W'd_th or Thickness Young’s Section
height (mm) modulus (mm?)
(mm) (N/mm?)
Flange I t E, Sy =1 I
Core H t, E. S.=t.H
Associated
| t E Sy =ty |
platlng b b b b b 'b

(c) To supplement the symbols defined in Table C3.2.8, the
following elements are needed:

Z; . distance from the neutral fibres of the three
elements, i.e. core, flange and associated
plating (index i refers to each one of them),
to the outer face of the associated plating,
in mm,

\% . distance from the stiffener neutral fibre to
the outer face of the associated plating, in
mm:

Ei-Si-z
o 2B
Z“Ei'Si

\A . distance from the stiffener neutral fibre to
the outer face of the flange, in mm:
V' =H-V+t +t,

d; . distances from the neutral fibre of each ele-
ment to the stiffener neutral fibre, in mm:
di = Zi -V

l; : specific inertia of each element, in mm?*.
(d) The rigidity of a stiffener [EI], in N.mm?, is:
[EIl = ZEi ~(li+S;-dP)

(e) The inertia of a stiffener [I], in mm?, is:
(1= Z(Ii+si'di2)

(f) The theoretical bending breaking strength of the stiffener
Gpr, IN N/Mmm?, is:

[El]
Oy = k- ==-103
’ (1
where:
k . e 17,0 for stiffeners using polyester resin,

= 25,0 for stiffeners using epoxy resin,

e 12,5 for skins made of carbon reinforce-
ments and epoxy resins.

C3.3 Design acceleration
C3.3.1 Vertical acceleration at LCG
A The design vertical acceleration at LCG, acg

(expressed in g), is defined by the designer and corresponds
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to the average of the 1 per cent highest accelerations in the
most severe sea conditions expected, in addition to the
gravity acceleration.

Generally, it is to be not less than:

Vv
acg = foc-Soc- —
© JL

where foc and Soc values are indicated in Table C3.3.1.
and Table C3.3.2.

Table C3.3.1
Passenger, .
Type of Ferrg Suppl Pilot, Rescue
service Y. PRl Patrol
Cargo
foc 0,666 1 1,333 1,666
Table C3.3.2
. Moderate Smooth
asri:\ Oszzn Iies;:zt:;j environment sea
P ) @)
Soc Cc(1) 0,30 0,23 0,14

(1) For passenger, ferry and cargo craft, their seaworthiness
in this condition is to be ascertained. In general, Soc should
not be lower than the values given in this Table, where:

C. =02+ 26
Vv

>0, 32
L
(2) Not applicable to craft with type of service “Rescue”

(3) Not applicable to craft with type of service “Pilot, Patrol”
or “Rescue”

2 Lower acs values may be accepted at the
Society’s discretion, if justified, on the basis of model tests
and full-scale measurements.

.3 The sea areas referred to in Table C3.3.2 are
defined with reference to significant wave heights H which
are exceeded for an average of not more than 10 percent of
the year:

= Open-sea service:
H,>4,0m

= Restricted open-sea service:
25m<H;<40m

< Moderate environment service:
05m<H;<25m

< Smooth sea service:
H,<0,5m.

4 If the design acceleration cannot be defined
by the designer, the a.g value corresponding to the appro-
priate values of foc and Soc reported in Table C3.3.1 and
Table C3.3.2 will be assumed.

5 An acceleration greater than acg = 1,5 - foc

may not be adopted for the purpose of defining limit operat-
ing conditions.
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.6 The longitudinal distribution of vertical
acceleration along the hull is given by:
a, =k, - ace
where:
k, : longitudinal distribution factor, not to be less
than (see Figure C3.3.1):

k,=1forx/L<0,5
k, =2 - x/L for x/L > 0,5

Higher values may be requested based on pitch
consideration.

ace : design acceleration at LCG.
Figure C3.3.1
kv g
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1
1
1
1
| .
0 05 10 XL
7 Variation of a, in the transverse direction

may generally be disregarded.

C3.3.2 Transverse acceleration

A Transverse acceleration is defined on the
basis of results of model tests and full-scale measurements,
considering their characteristic value as specified in
C3.3.4.1.

2 In the absence of such results, transverse
acceleration, in g, at the calculation point of the craft may
be obtained from:

a =25 (1451 +V_—/%ﬁ))z-9

where:

Hy . permissible significant wave height at maximum
service speed V (see C3.3.3),

r . distance of the point from:

e 0,5 D for monohull craft,

= waterline at draught T, for twin-hull craft.
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C3.3.3 Assessment of limit operating
conditions
C3.33.1 General
1 “Limit operating conditions” in this para-

graph are to be taken to mean sea states (characterized only
by their significant wave heights) compatible with the struc-
tural design parameters of the craft, i.e. the sea states in
which the craft may operate depending on its actual speed.

2 Limit operating conditions are derived from
the restrictions presented in C3.3.3.2, C3.3.3.3 and
C3.3.3.4 below.

3 Other specific design parameters influenced
by sea state and speed could be also considered at the dis-
cretion of the Society.

4 It is the designer’s responsibility to specify
the format and the values of the limit operating conditions.
Their format may be for example a relation between speed
and significant wave height which ascertains actual loads
less than the one used for structural design. They must
include the maximum allowed significant wave height H,
consistent with the structural strength. H,, is not to be
greater than the value calculated according to C3.3.3.1.7
below.

5 The limit operating conditions are defined, at
the discretion of the Society, on the basis of results of model
tests and full-scale measurements or by numerical
simulations.

.6 The limit operating conditions, taken as a
basis for classification, are indicated in the Classification
Certificate and are to be considered in defining the worst
intended conditions and the critical design conditions in
Section 1.

7 It is assumed that, on the basis of weather
forecast, the craft does not encounter, within the time inter-
val required for the voyage, sea states with significant
heights, in m, greater than the following:

H _8ce L
o v/(JL) 6+0,14-L

where vertical acceleration acg is defined in C3.3.1.

.8 For craft with a particular shape or other
characteristics, the Society reserves the right to require
model tests or full-scale measurements to verify results
obtained by the above formula.
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C3.3.3.2 Limitation imposed by bottom impact
pressure and deck loads
A Bottom impact pressure, given in C3.5.3,

and deck loads, given in C3.5.8, are explicitly or implicitly
depending on the vertical acceleration at LCG. Therefore,
the design values of these loads, taken as the basis for the
classification, directly impose limitation on vertical acceler-
ation level at LCG.

2 It is the designer’s responsibility to provide
for a relation between the speed and the significant wave
height that provides a maximum vertical acceleration less
than the design value.

3 Model tests if any are to be carried out in
irregular sea conditions with a significant wave height cor-
responding to the operating conditions of the craft and a
clearly specified sea spectrum. The scale effect is to be
accounted for with an appropriate margin of safety. The
characteristic value of acceleration and global loads to be
assumed corresponds to the average of the 1 per cent high-
est values obtained during tests. The duration of the test is,
as far as practicable, to be sufficient to guarantee that results
are stationary.

4 Where model test results or full-scale meas-
urements are not available, the formula contained in
C3.3.3.2.5 may be used to define maximum speeds com-
patible with design acceleration of monohulls, depending
on sea states having a significant height H,.

.5 The significant wave height is related to the
craft’s geometric and motion characteristics and to the verti-
cal acceleration a.g by the following formula:

(50 — 0lgea) - (..+0 75)

_ Hs
ace = e (T 10,084 - T) Ken - Kus
= for units for which V /L% >3 and A/ (0,01 - L) > 3500

Vx

Kee = (ﬁ)

and

Kys = 1
= for units for which V/L%5 < 3 or A/(0,01 - L)® < 3500

=0,8+1,6- Yy
JL
and
H

Kus = TS
where:
H, . significant wave height, in m,
Olgce : deadrise angle, in degrees, at LCG, to be taken

between 10° and 30°,
T : trim angle during navigation, in degrees, to be
taken not less than 4°,

\% : maximum service speed, in knots.
V, : actual craft speed, in knots.
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If V, is replaced by the maximum service speed V of the
craft, the previous formula yields the significant height of
the limit sea state, Hy. This formula may also be used to
specify the permissible speed in a sea state characterised by
a significant wave height equal to or greater than H.

.6 On the basis of the formula indicated in
C3.3.3.2.5, the limit sea state may be defined (characterised
by its significant wave height H,), i.e. the sea state in which
the craft may operate at its maximum service speed. During
its voyage, whenever the craft encounters waves having a
significant height greater than Hy, it has to reduce its speed.

7 For catamarans, the relation between speed,
wave height and acceleration is to be justified by model test
results or full-scale measurements (see also C3.3.3.3).

.8 For craft, such as SESs, for which a speed
reduction does not necessarily imply a reduction in acceler-
ation, the speed is to be modified depending on the sea
state according to criteria defined, at the discretion of the
Society, on the basis of motion characteristics of the craft.

9 The reduction of vertical acceleration acg
induced by stabilisation system if any is to be disregarded
for the purpose of limit operating conditions imposed by
bottom impact loads.

C3.3.3.3 Limitation imposed by wet deck impact
loads for catamarans
1 Wet deck impact pressure is given in C3.5.4.
2 The formula in C3.5.4 may be used to define

maximum speeds compatible with actual structure of wet
deck, depending on sea states having a significant height
H,.

.3 The reduction of relative impact velocity V
induced by stabilisation system if any is to be disregarded
for the purpose of limit operating conditions imposed by
wet deck impact loads.

C3.3.34 Limitation imposed by global loads

1 For monohulls and catamarans, the longitu-
dinal bending moment and shear forces as given in C3.4.1
and C3.4.2 are explicitly or implicitly depending on vertical
acceleration along the ship. Therefore, the design values of
these loads, taken as the basis for classification, directly
impose limitation on vertical acceleration level at LCG. The
requirements of C3.3.3.2.2 to C3.3.3.2.9 apply.

2 For catamarans, the transverse bending
moment, the torsional bending moment and the vertical
shear force as given in C3.4.2 are depending on vertical
acceleration acs. Therefore, the requirements of C3.3.3.2.2
to C3.3.3.2.9 apply.
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3 For SWATH craft, the global loads as given
in C3.4.3 are not depending on ship motions.

4 For ships with length greater than 100m, the
relation between vertical acceleration along the ship and
global loads are to be ascertained on basis of results of
model tests and/or full-scale measurements or by numerical
simulations, as indicated in C3.3.3.2.

5 The reduction of vertical acceleration along
the ship induced by stabilisation system if any is to be disre-
garded for the purpose of limit operating conditions
imposed by global loads.

C3.3.35 Hull monitoring

A The Society may require a hull monitoring
system to be fitted on board, allowing to monitor and dis-
play in real time the vertical acceleration and any other
sensitive parameter with respect to the strength.

2 The information is to be available at the
wheelhouse and displayed in a clear format allowing to
compare with design values.

3 When a hull monitoring system is requested,
its specification is to be submitted for review.

C34 Overall loads
C34.1 Monohulls
C34.1.1 General
A As a rule, only longitudinal vertical bending

moment and shear force are to be considered for
monohulls.
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2 For large craft, values from model tests, or
hydrodynamic calculations, may be taken into account,
after agreement of the Society on the methodology, the sea
conditions and the loading cases. in such cases, values
given in C3.4.1.2 must be considered as short term 1/100°
values.

C3.4.1.2 Bending moment and shear force

1 General

.1 The values of the longitudinal bending moment
and shear force are given, in first approxima-
tion, by the formula in C3.4.1.2.2, C3.4.1.2.3
and C3.4.1.2.4.

.2 The total bending moments M, in hogging
conditions, and My, in sagging conditions, in
kN.m, are to be taken as the greatest of those
given by the formulae in C3.4.1.2.2 and
C3.4.1.2.3.

For ships having L > 100 m, only the formula in
C3.4.1.2.3 is generally to be applied; the for-
mula in C3.4.1.2.2 is to be applied when
deemed necessary by the Society on the basis of
the motion characteristics of the ship. The total
shear forces Ty, in kN, is given by the formula
in C3.4.1.2.4.

.3 The longitudinal distribution of the total bend-
ing moment My, and Mys is given in
C3.4.1.2.5.

.4 If the actual distribution of weights along the
craft is known, a more accurate calculation may
be carried out according to the procedure in
C3.4.1.2.6. the Society reserves the right to
require calculation to be carried out according
to C3.4.1.2.6 whenever it deems necessary.

.5 Rule requirements are reminded in Table
C3.4.1.

Table C3.4.1

Ships Applicable requirements
Bending moment C3.4.1.2.2 or C3.4.1.2.3 whichever is the greater
L<100m All cases
Shear force C3.4.1.24
Alternatively, when actual Bending moment and
L<1 4.1.2.
00m distribution of weights is known shear force 3 6
Bending moment C3.4.1.2.3
L>100m Normal cases
Shear force C3.4.1.24
L > 100 Special cases (when deemed Bending moment C3.4.1.2.2 or C3.4.1.2.3 whichever is the greater
> m -
necessary by the Society) Shear force C3.4.1.2.4
L>100m A_Iter_natl_vely, Whe_n actgal Bending moment and C3.4126
distribution of weights is known shear force
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2 Bending moment due to still water loads,
wave induced loads and impact loads

Moy = Mpis = 0,55-A-L-(Cg+0,7) - (1 +ace)

where acg is the vertical acceleration at the LCG, defined in
C3.3.1.

3 Bending moment due to still water loads
and wave induced loads

My = My +0,60-Soc-C-L2-B-Cy
Mys = My +0,35-S0c-C-L2-B-(Cs+0,7)

where:

Mgy . still water hogging bending moment, in kN.m,

Mg . still water sagging bending moment, in KN.m,

Soc : parameter as indicated in Table C3.3.2, for the
considered type of service.

C=6+0,02L

For the purpose of this calculation, Cz may not be taken less
than 0,6.

4 Total shear force
3,2-M

Ty = 2 - bl

where:

My, . the greatest between My, and My, calculated
according to C3.4.1.2.2 and C3.4.1.2.3, as
applicable.

5 Longitudinal distribution of total bending
moment

The longitudinal distribution of the total bending moments
is given by:

Km - Mpy  in hogging

Ku - My in sagging

where:
Kwu . longitudinal distribution factor as shown on Fig-
ure C3.4.1.
Figure C3.4.1
1,0 pom=mmmmmmm--

Kwm
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Bending moment and shear force taking
into account the actual distribution of
weights

The distribution of quasi-static bending moment
and shear force, due to still water loads and
wave induced loads, is to be determined from
the difference in weight and buoyancy distribu-
tions in hogging and sagging for each loading or
ballast condition envisaged.

For calculation purposes, the following values
are to be taken for the design wave:
= wave length, in m:

A=L
< wave height, in m:

L

15+ L
20

h =

= wave form: sinusoidal.

In addition, the increase in bending moment
and shear force, due to impact loads in the fore-
body area, for the sagging condition only, is to
be determined as specified below. For the pur-
pose of this calculation, the hull is considered
longitudinally subdivided into a number of
intervals, to be taken, in general, equal to 20.
For smaller craft, this number may be reduced
to 10 if justified, at the Society’s discretion, on
the basis of the weight distribution, the hull
forms and value of the design acceleration ac.

For twin-hull craft, the calculation below
applies to one of the hulls, i.e. the longitudinal
distribution of weight forces g; and the corre-
sponding breadth B; are to be defined for one
hull.

The total impact force, in kN, is:

Fs. = quu - AX;

where:

AX; : length of interval, in m,

st . additional load per unit length, in

kN/m, for x/L > 0,6 (see also Figure
C3.4.2), given by:

Osti = Po- Bi- Sin(2~ﬂj~()f70, 6))

Xi . distance, in m, from the aft
perpendicular,
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Figure C3.4.2
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B; : craft breadth, in m, at uppermost
deck;

(x; and B; to be measured at the cen-
tre of interval i),

Po © maximum hydrodynamic pressure,
in kN/m?, equal to:

a1 G- (ro—x4)

Po = fo - (r§+0,5 - L+ (XsL — Xw) = Xst * Xw)

a, : vertical design acceleration at the
forward perpendicular, as defined
in C3.3,

G . weight force, in kN, equal to:

G = zgi - AXi

i :weight per unit length, in KN/m, of
interval i; for twin-hull craft, g; is to
be defined for one hull,

Xw . distance, in m, of LCG from the
midship perpendicular, equal to:

Z(gi - AX; - X)
Xy = S 0,5 L
Z(gi - AX;)
ro : radius of gyration, in m, of weight

distribution, equal to:

0.5
gi- AX; - (x;—0,5L)2
ro = z
Zgi - AX;

normally 0,2 L < ry < 0,25 L (guid-
ance value)
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Xs1 . distance, in m, of centre of surface
Fs. from the midship perpendicular,
given by:

1 . X

Ko = 30X B sm(zn : (E _o, 6)) _0,5L

fo . surface, in m?, equal to:

fu = YA B sin(zn - (XE ~0.6))

.4 The resulting load distribution qg, in kN/m, for
the calculation of the impact induced sagging
bending moment and shear force is:

(@) Forx/L<0,6:

Osi = 0i = Qi - Ay

where:

ai . total dimensionless vertical
acceleration at interval i, equal
to:

a, = apta, (x—0,5L)

a . acceleration due to heaving
motion, equal to:

_ Egl__.(rg*XSL'Xw)

a
"G 12— x3

a, : acceleration due to pitching
motion, in m, equal to:

_Fa (Xa—Xw

PTG (rg_xgv)

a, and a, are relative to g

(b) Forx/L>0,6:
Usi = Obi — Csti

.5  The impact induced sagging bending moment
and shear force are obtained by integration of
the load distribution gg; along the hull. They are
to be added to the respective values calculated
according to C3.4.1.3.1 in order to obtain the
total bending moment and shear force due to
still water loads, wave induced loads and

impact loads.
C3.4.2 Catamarans
C34.2.1 General
1 The values of the longitudinal bending

moment and shear force are given by the formulae in
C3.4.1.2.

2 For catamarans, the hull connecting struc-
tures are to be checked for load conditions specified in
C3.4.2.2 and C3.4.2.3. These load conditions are to be
considered as acting separately.
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3 Design moments and forces given in the fol-
lowing paragraphs are to be used unless other values are
verified by model tests, full-scale measurements or any
other information provided by the designer (see C3.3.4.1,
Requirements for model tests).

A4 For craft with length L > 65 m or speed
V > 45 knots, or for craft with structural arrangements that
do not permit a realistic assessment of stress conditions
based on simple models, the transverse loads are to be eval-
uated by means of direct calculations carried out in
accordance with criteria specified in C3.6 or other criteria
considered equivalent by the Society.

C3.4.2.2 Longitudinal bending moment and shear
force

A Refer to C3.4.1.2.

2 In C3.4.1.2.6, the breadth B; is defined as
below:
B; : maximum breadth of one hull at the considered

longitudinal location x;, in m.
3 When slamming of wet-deck is expected to

occur (cf. C3.5.4), B; is to be taken as:

B; : the maximum breadth of one hull at the consid-
ered longitudinal location, in m, without being
greater than B/2, multiplied by the coefficient
fs, where:

f;=2(1-B,/B)

C3.4.23 Transverse bending moment and shear
force
1 The transverse bending moment My, in
kN.m, and shear force T, in kN, are given by:
A-b-ag-
My, = Sce g
A-acs-
To = —XG g
where:
b . transverse distance, in m, between the centres
of the two hulls,
ace : vertical acceleration at LCG, defined in C3.3.1.
C3.4.2.4 Transverse torsional connecting
moment
1 The catamaran transverse torsional connect-

ing moment, in KN.m, about a transverse axis is given by:
My = 0,125 -A-L-acs-g

where acg is the vertical acceleration at LCG, defined in
C3.3.1, which need not to be taken greater than 1,0 g for
this calculation.
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C3.4.3 Small waterplane area twin-hull (SWATH)
craft - Forces and moments acting on
twin-hull connections

C3.4.3.1 Side beam force

1 The design beam side force, in kN, (see Fig-
ure C3.4.3) is given by:

Fo=12,5-T-A?3.d- L

where:
d=1,55-0 75‘tanh(L)
’ ’ 11000
Ly = 2,99 tanh(A -0, 725)
5 = 0.137 A
T.AL3
A . lateral area, in m?, projected on a vertical plane,

of one hull with that part of strut or struts below
waterline at draught T.

Figure C3.4.3
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2 The lateral pressure, in kN/m?, acting on one
hull is given by:
- Fo
pQ Alat

The distribution of the lateral force Fy can be taken as con-
stant over the effective length L, = A,/ T, in m. The constant
lateral force per unit length, in KN/m, is thus given by:

- Fo

Ao L.
C3.4.3.2 Bending moment

1 The corresponding design bending moment,
in KN.m, is given by:
Mg =hy - Fg
where:
hw . half the draught T plus the distance from the

waterline at draught T to the midpoint of the
cross-deck structure (see Figure C3.4.4), in m.
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Figure C3.4.4
Mg = huX Fq
FQ‘V - FQ
C35 Local loads
C3.51 Introduction
A Design loads defined in this Article are to be

used for the resistance checks provided for in C3.7 and
C3.8 to obtain scantlings of structural elements of hull and
deckhouses.

2 Such loads may be integrated or modified on
the basis of the results of model tests or full-scale measure-
ments. Model tests are to be carried out in irregular sea
conditions with significant wave heights corresponding to
the operating conditions of the craft. The scale effect is to be
accounted for by an appropriate margin of safety.

3 The characteristic value to be assumed is
defined as the average of the 1 per cent highest values
obtained during testing. The length of the test is, as far as
practicable, to be sufficient to guarantee that statistical
results are stationary.

C35.2 Loads
C3.5.2.1 General
A The following loads are to be considered in

determining scantlings of hull structures:
= impact pressures due to slamming, if expected to occur,
= sea pressures due to hydrostatic heads and wave loads,

« internal loads.

2 External pressure generally determines scant-
lings of side and bottom structures; internal loads generally
determine scantlings of deck structures.

3 Where internal loads are caused by concen-
trated masses of significant magnitude (e.g. tanks,
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machinery), the capacity of the side and bottom structures
to withstand such loads is to be verified according to crite-
ria stipulated by the Society. In such cases, the inertial
effects due to acceleration of the craft are to be taken into
account.

Such verification is to disregard the simultaneous presence
of any external wave loads acting in the opposite direction
to internal loads.

C3.5.2.2 Load points

1 Pressure on panels and strength members
may be considered uniform and equal to the pressure at the
following load points:

= for panels:

- lower edge of the plate, for pressure due to hydro-
static head and wave load

- geometrical centre of the panel, for impact pressure
= for strength members:

- centre of the area supported by the element.

2 Where the pressure diagram shows cusps or
discontinuities along the span of a strength member, a uni-
form value is to be taken on the basis of the weighted mean
value of pressure calculated along the length.

C3.5.3 Impact pressure on the bottom of hull

1 If slamming is expected to occur, the impact
pressure, in kN/m?, considered as acting on the bottom of
hull is not less than:

A
Ps = 70'8_'K1'K2'K3'ace

where:

A . displacement, in tonnes (see C3.1.4). For cata-
maran, A in the above formula is to be taken as
half of the craft displacement

S, . reference area, m?, equal to:

~o07.4
S, =0,7 T
For catamaran, A in the above formula is to be
taken as half the craft displacement

K, . longitudinal bottom impact pressure distribu-

tion factor (see Figure C3.5.1):
e forx/L<0,5: K,=0,5+x/L
e for05<x/L<08: K, =10

e forx/L>0,8: K, =3,0-2,5-x/L

where x is the distance, in m, from the aft per-
pendicular to the load point
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Figure C3.5.1

K, factor accounting for impact area, equal to:

uwns-—1,7
K, = 0,45570,35’@

with:
K,>0,50 for plating,
K, >0,45 for stiffeners,

K, >0,35 for girders and floors,

= S
u = 100 s,
where s is the area, in m?, supported by the ele-
ment (plating, stiffener, floor or girder). For
plating, the supported area is the spacing
between the stiffeners multiplied by their span,
without taking for the latter more than three
times the spacing between the stiffeners

factor accounting for shape and deadrise of the
hull, equal to:

Ks = (70 - 04)/ (70 - 0lyce)

where oy IS the deadrise angle, in degrees,
measured at LCG and oy is the deadrise angle,
in degrees, between horizontal line and
straight line joining the edges of respective area
measured at the longitudinal position of the
load point; values taken for oy and oy are to
be between 10° and 30°

design vertical acceleration at LCG, defined in
C3.3.1.

ace

C3.54 Impact pressure on bottom of wet-deck

of catamarans (including tunnel radius)

1 Slamming on bottom of the wet deck is
assumed to occur if the air gap H,, in m, at the considered
longitudinal position is less than z,,4,
where:

forL<65m:z,,=0,05-L
forL>65m: z,4 = 3,25 + 0,0214 - (L — 65)

In such a case, the impact pressure, in kN/m?, considered as
acting on the wet deck is not less than:

H
Py = 3~K2~KWD~VX~VSL~(1—O,85~H—‘:)
where:
GL 2002
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Vg relative impact velocity, in m/s, equal to:
Vo = 2
JL
Hs significant wave height,
K, factor accounting for impact area, as defined in
C3.5.3.1,
Kwo longitudinal wet deck impact pressure distribu-
tion factor (see Figure C3.5.2):
e for x/L<0,2:
_ X
Kup = o,5-(1,07[)
e for0,2<x/L<0,7:
Kwp = 0,4
e for0,7<x/L<0,8:
Kwo = 6,0-2-3,8
L
e forx/L>0,8:
Kwp = 1,0
where x is the distance, in m, from the aft per-
pendicular to the load point,
Vy ship’s speed, in knots,
Ha air gap, in m, equal to the distance between the
waterline at draught T and the wet deck
Figure C3.5.2
Kwb

2 If the wet deck at a transverse section consid-
ered is not parallel to the design waterline, the impact
pressure p, will be considered at the discretion of the
Society.

C3.55 Sea pressures
C35.5.1 Sea pressure on bottom and side shell
1 The sea pressure, in kN/m?, considered as

acting on the bottom and side shell is not less than pgqin,
defined in Table C3.5.1, nor less than:

forz<T:

p.=10-(T+0,75-5-(1-0,25

92

forz>T:
p, =10-(T+S-2)
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where: = external force: F, = A - p;
z : vertical distance, in m, from the moulded base < internal force: F;=F, + 10 - W + F,
line to load point. z is to be taken positively where the parameters are defined in C3.5.5.2.2.
upwards,
) ) ) ) 4 The design forces, in kN, considered for the
S : as given, in m, in Table C3.5.1 with Cg taken scantlings of securing or supporting devices of doors open-
not greater than 0,5. ing inwards are to be not less than:
= external force: F,= A - p,+ F
Table C3.5.1 eZ AP
< internal force: F,=F, + 10 - W
S - where the parameters are defined in C3.5.5.2.2.
x/L=20,9 | T<O, 36~acc-§s3,5-T 20£%g3s C3.5.6 Sea pressures on front walls of the hull
B
L<05 10< L+75_ 20 1 The pressure, kN/m?, considered as acting on
XIL<05 | T<0,60-ace-~L<2,5-T - 10 front walls of the hull (in case of stepped main deck), not
located at the fore end, is not less than:
2 Between midship area and fore end Pss = 6- (1 —2 [(C. 70 1)(1 +0,045-1-0,38-2))
(0,5 <x/L<0,9), p, varies in a linear way as follows: .
where:
e = Per—(2,25-2,5-X/L) - (Psrp — Ps . . o
Ps = Pore = ( X/L) - (Psr = Psw)) X, . distance, in m, from front walls to the midship

where pgp is the sea pressure at fore end and pgy, in midship
area.

C3.55.2 Stern doors and side shell doors

A The sea pressures on stern doors and side
shell doors is to be taken according to C3.5.5.1 for scant-
lings of plating and secondary members.

2 The design forces, in kN, considered for the
scantlings of primary members are to be not less than:

= external force: F, = A - p;

< internal force: F,=F,+ 10 - W
where:

A . area, in m, of the door opening,
w . mass of the door, in t,

Fo . total packing force in kN. Packing line pressure
is normally not to be taken less than 5 N/mm,

Fo . the greater of F,and 5 - A (kN),

Fe : accidental force, in kN, due to loose of cargo
etc., to be uniformly distributed over the area A
and not to be taken less than 300 kN. For small
doors, such as bunker doors and pilot doors,
the value of F, may be appropriately reduced.
However, the value of F, may be taken as zero,
provided an additional structure such as an
inner ramp is fitted, which is capable of pro-
tecting the door from accidental forces due to
loose cargoes,

Ps . sea pressure as defined in C3.5.5.1
3 The design forces, in kN, considered for the

scantlings of securing or supporting devices of doors open-
ing outwards are to be not less than:

60

perpendicular (for front walls aft of the midship
perpendicular, x, is equal to 0),

Z; . distance, in m, from load point to waterline at
draught T.

Where front walls are inclined backwards, the pressure cal-
culated above can be reduced to (pg Sin o), where o is the
angle in degree between front wall and deck.

p.: is not less than the greater of:

3+(65+0,06-L)-sina

3+24 - ag

2 For front walls located at the fore end, the
pressure pg Will be individually considered by the Society.

C3.5.7 Sea pressures on deckhouses
1 The pressure, kN/m?, considered as acting on
walls of deckhouses is not less than:
Doy = Ksu-(1+#)(1+o,045¢70,38-z1)
2-L(Cs+0,1)
where:
Ky . coefficient equal to:

< for front walls of a deckhouse located
directly on the main deck not at the fore
end:
Ko = 6,0

= for unprotected front walls of the second

tier, not located at the fore end:
Ky, = 5,0

= for sides of deckhouses, b being the
breadth, in m, of the considered
deckhouse:
Ky =1,5+ 3,5 b/B (with 3 <= K <=5)

« for the other walls:
Kw = 3,0
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X1 . distance, in m, from front walls or from wall ele-
ments to the midship perpendicular (for front
walls or side walls aft of the midship perpen-
dicular, x, is equal to 0),

Z : distance, in m, from load point to waterline at
draught T.
2 The minimum values of pg,, in kN/m?, to be

considered are:

= for the front wall of the lower tier:
P, =6,5+0,06 L

= for the sides and aft walls of the lower tier:
P, = 4,0

= for the other walls or sides:
Psu = 3,0

3 For unprotected front walls located at the
fore end, the pressure py, will be individually considered by
the Society.

C3.5.8 Deck loads
C3.5.8.1 General
A The pressure, in kN/m?, considered as acting

on decks is given by the formula:
pd - p (1 + 014 av)

where:

p : uniform pressure due to the load carried,
kN/m2. Minimum values are given in C3.5.8.2
to C3.5.8.6,

a, : design vertical acceleration, defined in C3.3.

2 Where decks are intended to carry masses of

significant magnitude, including vehicles, the concentrated
loads transmitted to structures are given by the correspond-
ing static loads multiplied by (1 + 0,4 a,).

C3.5.8.2 Weather decks and exposed areas

A For weather decks and exposed areas with-

out deck cargo:
e ifzy<2:

p = 6,0 kN/m?
e if2<z4<3:

p = (12 -3 zy) KN/m2
e ifz,>3:

p = 3,0 kN/m?
where z, is the vertical distance, in m, from deck to water-
line at draught T.

p can be reduced by 20% for primary supporting members
and pillars under decks located at least 4 m above the
waterline at draught T, excluding embarkation areas.
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2 For weather decks and exposed areas with
deck cargo:
e fzy<2:
p = (p. + 2) KN/m?, with p. > 4,0 kN/m?
e if2<z4<3:
p = (p. + 4 — zy) KN/m?, with p. > (8,0 — 2 z3) KN/m?
e fzy2>3:
p = (pc + 1) KN/m?, with p. > 2,0 kN/m?
where:

Z4 . distance defined in C3.5.8.2.1,

Pe : uniform pressure due to deck cargo load, in

kN/m?, to be defined by the designer with the
limitations indicated above.

C3.5.8.3 Sheltered decks

1 They are decks which are not accessible to
the passengers and which are not subjected to the sea pres-
sures. Crew can access such deck with care and taking
account of the admissible load, which is to be clearly indi-
cated. Deckhouses protected by such decks may not have
direct access to ‘tween-deck below.

For shelter decks:
p = 1,3 kN/m?

2 A lower value may be accepted, at the dis-
cretion of the Society, provided that such a value as well as
the way of access to the deck are clearly specified by and
agreed upon with the Owner.

C3.5.84 Enclosed accommodation decks

1 For enclosed accommodation decks not car-
rying goods:
p = 3,0 kN/m?

p can be reduced by 20 per cent for primary supporting
members and pillars under such decks.

2 For enclosed accommodation decks carrying
goods:
P =P
The value of p, is to be defined by the designer, but taken as
not less than 3,0 KN/mz2.

C3.5.8.5 Enclosed cargo decks

1 For enclosed cargo decks other than decks
carrying vehicles:
P =Pc

where p. is to be defined by the designer, but taken as not
less than 3,0 kN/m2.

For enclosed cargo decks carrying vehicles, the loads are
defined in C3.5.8.7.
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C3.5.8.6 Platforms of machinery spaces

A For platforms of machinery spaces:

p = 15,0 kN/m?

C3.5.8.7 Decks carrying vehicles

A The scantlings of the structure of decks carry-
ing vehicles are to be determined by taking into account
only the concentrated loads transmitted by the wheels of
vehicles, except in the event of supplementary requirement
from the designer.

2 The scantlings under racking effects (e.g. for
combined loading condition 3 defined in C3.6.1.2.9 and
C3.6.2.2.9) of the primary structure of decks carrying vehi-
cles is to be the greater of the following cases:

= scantlings determined under concentrated loads trans-
mitted by the wheels of vehicles,

= scantlings determined under a uniform load pc taken
not less than 2,5 kN/m2. This value of p, may be
increased if the structural weight cannot be considered
as negligible, to the satisfaction of the Society.

C3.5.9 Pressures on tank structures

A The pressure, in kN/m?, considered as acting
on tank structures is not less than the greater of:

Pu=9,8L-h;-p-(1+0,4-a,)+100-p,

P = 9,81-h,

where:

h, : distance, in m, from load point to tank top,

h, . distance, in m, from load point to top of over-

flow or to a point located 1,5 m above the tank
top, whichever is greater,

p :liquid density, in t/m? (1,0 t/m? for water),
p. . setting pressure, in bars, of pressure relief valve,
when fitted.
C3.5.10 Pressures on subdivision bulkheads
1 The pressure, in kN/m?2, considered as acting
on subdivision bulkheads is not less than:
P = 9,81 - hy
where:
hy : distance, in m, from load point to bulkhead top.
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C3.6 Direct calculations for monohulls
and catamarans
C3.6.1 Direct calculations for monohulls
C3.6.1.1 General
1 Direct calculations generally require to be

carried out, in the opinion of the Society, to check primary
structures for craft of length L > 65 m or speed V > 45 knots.

2 In addition, direct calculations are to be car-
ried out to check scantlings of primary structures of craft
whenever, in the opinion of the Society, hull shapes and
structural dimensions are such that scantling formulas in
C3.7 and C3.8 are no longer deemed to be effective.

3 This may be the case, for example, in the fol-
lowing situations:

= elements of the primary transverse ring (beam, web and
floor) have very different cross section inertiae, so that
the boundary conditions for each are not well-defined,

= marked V-shapes, so that floor and web tend to degen-
erate into a single element,

= complex, non-conventional geometries,

= presence of significant racking effects (in general on
ferries),

= structures contributing to longitudinal strength with
large windows in side walls.

C3.6.1.2 Loads

1 In general, the loading conditions specified
in C3.6.1.2.6 to C3.6.1.2.9 below are to be considered.
Condition C3.6.1.2.9 is to be checked for craft for which, in
the opinion of the Society, significant racking effects are
anticipated (e.g. for ferries).

2 In relation to special structure or loading
configurations, should some loading conditions turn out to
be less significant than others, the former may be ignored at
the discretion of the Society. In the same way, it may be
necessary to consider further loading conditions specified
by the Society in individual cases.

3 The vertical and transverse accelerations are
to be calculated as stipulated in C3.3.

4 The impact pressure is to be calculated as
stipulated in C3.5. For each floor, the K,-factor which
appears in the formula for the impact pressure is to be cal-
culated as a function of the area supported by the floor
itself.

5 In three-dimensional analyses, special atten-
tion is to be paid to the distribution of weights and
buoyancy and to the dynamic equilibrium of the craft.

In the case of three-dimensional analyses, the longitudinal
distribution of impact pressure is to be considered individu-
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ally, in the opinion of the Society. In general, the impact
pressure is to be considered as acting separately on each
transverse section of the model, the remaining sections
being subject to the hydrostatic pressure.

.6 Loading conditions in still water

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= outer hydrostatic load in still water.

7 Combined loading condition 1

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the vertical acceleration a, of the
craft, considered in a downward direction.

.8 Combined loading condition 2

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the vertical acceleration a, of the
craft, considered in a downward direction,

= impact pressure acting on the bottom of the craft (2
cases):

- case 1: symmetrically and according to C3.6.1.2.5,

- case 2: asymmetrically and acting on one side of a
complete compartment between transverse bulk-
heads, the other side being subject to hydrostatic
load in still water.

.9 Combined loading condition 3

The following loads are to be considered:

- forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the transverse acceleration of the
craft.

C3.6.1.3 Structural model

A Primary structures of craft of this type may
usually be modelled with beam elements, according to cri-
teria stipulated by the Society. When, however, grounds for
the admissibility of this model are lacking, or when the
geometry of the structures gives reason to suspect the pres-
ence of high stress concentrations, finite element analyses
are necessary.
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2 In general, the extent of the model is to be
such as to allow analysis of the behaviour of the main struc-
tural elements and their mutual effects.

3 In craft dealt with by these Rules, the stiffness
of longitudinal primary members (girders and stringers) is, at
least outside the machinery space area, generally negligible
compared with the stiffness of transverse structures (beams,
floors and webs), or their presence may be taken account of
by suitable boundary conditions. It is therefore acceptable,
in general, to examine primary members in this area of the
hull by means of plane analyses of transverse rings.

4 In cases where such approximation is not
acceptable, the model adopted is to be three-dimensional
and is to include the longitudinal primary members.

.5 When racking behaviour is investigated and
loads thus act in the transverse direction (loading condition
3), special attention is to be devoted to modelling of contin-
uous decks and platforms. Such continuous elements, if of
sufficient stiffness in the horizontal plane and if sufficiently
restrained by the fore- and after-bodies, may withstand
transverse deformations of primary rings.

In such cases, taking for granted the provisions above, it is
still permissible to examine bidimensional rings, by simulat-
ing the presence of decks and platforms with horizontal
springs according to criteria specified by the Society.

C3.6.1.4 Boundary conditions

1 Depending upon the loading conditions con-
sidered, the following boundary conditions are to be
assigned:

(@) Loading condition in still water and combined loading
conditions 1 and 2

« horizontal and transverse restraints, in way of the
crossing point of bottom and side shells, if the angle
between the two shells is less than approximately
135°,

= horizontal and transverse restraints, in way of keel, if
the bottom/side angle is greater than approximately
135°,

(b) Combined loading condition 3

The vertical and horizontal resultants of the loads, in
general other than zero, are to be balanced by introduc-
ing two vertical forces and two horizontal forces at the
fore and aft ends of the model, distributed on the shells
according to the bidimensional flow theory for shear
stresses, which are equal and opposite to half the verti-
cal and horizontal resultants of the loads.

2 Where a plane model is adopted, the result-
ants are to be balanced by vertical and horizontal forces,
distributed as specified above and acting on the plane of the
model itself.
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C3.6.1.5 Checking criteria

A For metal structures, the stresses given by the
above calculations are to be not greater than the following
allowable values, in N/mm?2:

= bending stress:

150
K-fo-f

Gam =

e shear stress:

90
Tam = KT

= Von Mises equivalent bending stress:

190

where:
K : material factor defined in C3.2
o . coefficient depending on the material:
= 1,00 for steel structures
e 2,15 for aluminium alloy structures
f, . safety coefficient, to be assumed:
< 1,00 for combined loading conditions
= 1,25 for loading condition in still water.
2 The compressive values of normal stresses

and shear stresses are not to exceed the values of the critical
stresses for plates and stiffeners calculated according to
C3.7.5.

3 In structural elements also subject to high
longitudinal hull girder stresses, allowable and critical
stresses are to be reduced, according to criteria specified by
the Society.

4 For non-metal structures, allowable stresses
are to be defined according to criteria specified by the
Society.

C3.6.2 Direct calculations for catamarans
C3.6.2.1 General
A Direct calculations generally require to be

carried out, at the discretion of the Society, to check pri-
mary structures and structures connecting the two hulls for
craft of length L > 65 m or speed V > 45 knots.

2 In addition, as specified in C3.4.2, direct cal-
culations are to be carried out to check structures
connecting the two hulls for craft in which structural
arrangements do not allow a realistic assessment of their
stress level, based upon simple models and on the formulae
set out in C3.4.2.
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C3.6.2.2 Loads

1 In general, the loading conditions specified
in C3.6.2.2.6 to C3.6.2.2.9 below are to be considered.

Condition C3.6.2.2.6 applies to a still water static condition
check.

Conditions C3.6.2.2.7 and C3.6.2.2.8 apply to the check
on structures connecting the two hulls. Condition
C3.6.2.2.8 requires checking only for craft of L > 65 m or V
> 45 knots.

Condition C3.6.2.2.9 is to be checked in craft for which, in
the opinion of the Society, significant racking effects are
expected (e.g. ferries).

2 In relation to special structure or loading
configurations, should some loading conditions turn out to
be less significant than others, the former may be ignored,
at the discretion of the Society. In the same way, it may be
necessary to consider further loading conditions specified
by the Society in individual cases.

3 Vertical and transverse accelerations are to
be calculated as stipulated in C3.3.

4 The impact pressure is to be calculated as
stipulated in C3.5. For each floor, the K,-factor which
appears in the formula for the impact pressure is to be cal-
culated as a function of the area supported by the floor
itself.

5 In three-dimensional analyses, special atten-
tion is to be paid to the distribution of weights and
buoyancy and the dynamic equilibrium of the craft.

In the case of three-dimensional analyses, the longitudinal
distribution of impact pressure is to be considered individu-
ally, in the opinion of the Society. In general, the impact
pressure is to be considered as acting separately on each
transverse section of the model, the remaining sections
being loaded by the hydrostatic pressure.

.6 Loading conditions in still water

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= outer hydrostatic load in still water.

7 Combined loading condition 1

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the vertical acceleration a, of the
craft, considered in a downward direction.
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.8 Combined loading condition 2

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the vertical acceleration a, of the
craft, considered in a downward direction,

= impact pressure acting hemisymmetrically on one of the
two halves of the hull bottom.

9 Combined loading condition 3

The following loads are to be considered:

= forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to
the weight booklet of the craft,

= forces of inertia due to the transverse acceleration of the
craft.

C3.6.2.3 Structural model

A In general, primary structures of craft of this

type are to be modelled with finite element schematizations
adopting a medium size mesh.
In the opinion of the Society, detailed analyses with fine
mesh are required for areas where stresses, calculated with
medium-mesh schematizations, exceed allowable limits
and the type of structure gives reason to suspect the pres-
ence of high stress concentrations.

2 In general, the extent of the model is to be
such as to allow the analysis of the behaviour of the main
structural elements and their mutual effects.

3 In craft dealt with by these Rules, the stiffness
of longitudinal primary members (girders and stringers) is, at
least outside the machinery space area, generally negligible
compared with the stiffness of transverse structures (beams,
floors and webs), or their presence may be taken account of
by suitable boundary conditions. It is therefore permissible,
in general, to examine primary members in this area of the
hull by means of plane analyses of transverse rings.

4 In cases where such approximation is not
permissible, the model adopted is to be three-dimensional
and is to include the longitudinal primary members.

5 When racking behaviour is investigated and

loads thus act in the transverse direction (loading conditions
2 and 3), special attention is to be devoted to modelling of
continuous decks and platforms. Such continuous elements,
if having sufficient stiffness in the horizontal plane and if
sufficiently restrained by the fore- and after-bodies, may
withstand transverse deformations of primary rings.
In such cases, taking for granted the provisions above, it is
still permissible to examine bidimensional rings, by simulat-
ing the presence of decks and platforms with horizontal
springs according to criteria specified by the Society.
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C3.6.2.4 Boundary conditions
1 Depending upon the loading conditions con-

sidered, the following boundary conditions may be
assigned:

(@) Loading condition in still water

The vertical resultant of loads, in general other than
zero, is to be balanced by introducing two vertical
forces at the fore and aft ends of the model, both distrib-
uted on the shells according to the bidimensional flow
theory for shear stresses, which are equal and opposite
to half the vertical resultant of the loads.

Where a plane model is adopted, the vertical resultant is
to be balanced by a single force, distributed as specified
above and acting on the plane of the model itself.

(b) Combined loading condition 1
A vertical restraint is to be imposed in way of the keel of
each hull.

(c) Combined loading conditions 2 and 3

The vertical and horizontal resultants of the loads, in
general other than zero, are to be balanced by introduc-
ing two vertical forces and two horizontal forces at the
fore and aft ends of the model, distributed on the shells
according to the bidimensional flow theory for shear
stresses, which are equal and opposite to half the verti-
cal and horizontal resultants of the loads.

2 Where a plane model is adopted, the result-
ants are to be balanced by vertical and horizontal forces,
distributed as specified above and acting on the plane of the
model itself.

C3.6.2.5 Checking criteria

1 For metal structures, the stresses given by the
above calculations are to be not greater than the following
allowable values, in N/mm?:

= bending stress:

° K~lf?m0‘ f,
= shear stress:
1= K%_f
= Von Mises equivalent stress:
o= 22
where
K :material factor defined in C3.2,
o . coefficient depending on the material:
e 1,00 for steel structures
e 2,15 for aluminium alloy structures,
f, . safety coefficient, to be assumed:

« 1,00 for combined loading conditions

= 1,25 for loading condition in still water.

65



Chapter 1 Section 3 Structures |-Part3
2 The compressive values of normal stresses C3.7.2 Definitions and symbols

and the shear stresses are not to exceed the values of the

critical stresses for plates and stiffeners calculated accord-

ing to C3.7.5. 1 The definitions and symbols used are the fol-

3 In structural elements also subject to high
longitudinal and transversal hull girder stresses, allowable
and critical stresses are to be reduced, according to criteria
specified by the Society.

4 For non-metal structures, allowable stresses
are to be defined according to criteria specified by the
Society.

C3.7 Steel and aluminium alloy craft
C3.71 Introduction
A This article stipulates requirements for the

scantlings of hull structures (plating, stiffeners, primary sup-
porting members). The loads acting on such structures are
to be calculated in accordance with the provisions of C3.5.

2 In general, for craft length L > 65 m or speed
V > 45 knots, the scantlings of transverse structures are to
be verified also by direct calculations carried out in accord-
ance with C3.6.

3 For all other craft, the Society may, at its dis-
cretion and as an alternative to the requirements of this
article, accept scantlings for transverse structures of the hull
based on direct calculations in accordance with C3.6.

lowing ones:

rule bracket: a bracket with arms equal to ¢/8, ¢ being the
span of the connected stiffener. Where the
bracket connects two different types of stiffen-
ers (frame and beam, bulkhead web and
longitudinal stiffener, etc.) the value of / is to
be that of the member with the greater span, or
according to criteria specified by the Society,

t . thickness, in mm, of plating and deck panels,

Z :section modulus, in cm?3, of stiffeners and pri-
mary supporting members,

S . spacing of stiffeners, in m, measured along the
plating,
14 . overall span of stiffeners, in m, i.e. the distance

between the supporting elements at the ends of
the stiffeners (see Figure C3.7.1),

S : conventional scantling span of primary support-
ing members, in m, to be taken as given in the
examples in Figure C3.7.2. Special considera-
tion is to be given to conditions different from
those shown.

In no case is S to be less than (1,1 Sy), S, being
the distance between the internal ends of the
conventional brackets as indicated in Figure
C3.7.2 or, if there are no brackets, between the
ends of the members,

Figure C3.7.1 Examples of spans of ordinary stiffeners

. M
1 1
e W
™ M
1
T
H W

/_

Note: the connections with end brackets shown in this Figure are relevant to end brackets with Rule dimensions.
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Figure C3.7.2 Examples of conventional scantling spans of primary supporting members

A, = area of girder face plate; a, = area of bracket face plate; a; 20,5 A,

b : actual surface width of the load bearing on pri-
mary supporting members; for usual
arrangements b = 0,5 (I, + I,), where I, and 1,
are the spans of stiffeners supported by the pri-
mary supporting member,

p : design pressure, in kN/m?, calculated as defined
in C3.5,

Gam . permissible normal stress, in N/mm?,

Tam . permissible shear stress, in N/mm?,

K : material factor defined in C3.2,

e . ratio between permissible and actual hull girder

longitudinal bending stresses (see C3.7.4.1)
e=o0,/ 0y

oy : maximum permissible stress, in N/mm?, as
defined in C3.7.4.14,

O : longitudinal bending stress, in N/mm?, as
defined in C3.7.4.14,

n : defined as follows:

2
- _0.5.(%
p= /1,1-05 (z)

which needs not be taken greater than 1,0.
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C3.7.3 Overall strength

C3.7.3.1 Longitudinal strength

1 In general, the scantlings resulting from local
strength calculations in this article are such as to ensure
adequate longitudinal strength of the hull girder for the craft
with length less than or equal to 24 m.

2 Specific longitudinal strength calculations
are required for craft whose hull geometry suggests signifi-
cant bending moments in still water with the craft at rest.

3 For craft with length less than or equal to 65
m, longitudinal strength calculations are, as a rule, to be
carried out at the midship section or any other section of
the midship area as deemed necessary by the Society.

For craft with length more than 65 m, longitudinal strength
calculations are to be carried out on basis of bending
moment distribution as defined in C3.4.1 or C3.4.2.

4 Longitudinal stress, in N/mm?, in each point
of the structures contributing to the craft longitudinal
strength is obtained from the following equations:

e at bottom:
Mbl
= 1 3
Oy, Wb 0-
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e at main deck:

(5m=%-103
d

= at height z above the bottom:

1 (L+L).£). 3
= M- (Wb W, Wy D 10
where:

My, . total bending moment, in kKN.m, defined in
C3.4.10rC3.4.2,

W,, Wy : section modulus, in m3, respectively at bottom
and main deck at the stress calculation point of
the craft section under consideration. In the
section modulus calculation, all the elements
contributing to longitudinal strength are to be
considered, including long deckhouses, as
appropriate.

The values of stress oy, are not to exceed o, with:

e steel structures:

o, = 150/K (N/mm2)

< aluminium alloy structures:

o, = 70/K (N/mm2).

5 Moreover, the compressive values of ¢ are
not to exceed the values of critical stresses for plates and
stiffeners calculated according to C3.7.5 and C3.7.6.

C3.7.3.2 Transverse strength of catamaran

A The equivalent Von Mises stresses obtained
for load conditions in C3.4.2.3 and C3.4.3.2 are not to
exceed the following values:

< steel structures:

o, = 175/K (N/mm?)

< aluminium alloy structures:

o, = 75/K (N/mm2).

2 The compressive values of normal stresses
and the shear stresses are not to exceed the values of critical
stresses for plates and stiffeners calculated according to
C3.7.5 and C3.7.6.

3 In general, the bottom of the cross-deck is to
be constituted by continuous plating for its entire longitudi-
nal and transverse extension. Alternative solutions may,
however, be examined by the Society on the basis of con-
siderations pertaining to the height of the cross-deck above
the waterline and to the motion characteristics of the craft.
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4 In the special case of catamaran, when the
structure connecting both hulls is formed by a deck with
single plating stiffened by n reinforced beams, the normal
and shear stresses in the beams for the load condition in
C3.4.2.4 can be calculated as indicated in C3.7.3.3.

5 For craft with L > 65 m or speed V > 45 m
knots, or for those craft whose structural arrangements do
not permit a realistic assessment of stress conditions based
on simple models, the transverse strength is to be checked
by means of direct calculations carried out in accordance
with the criteria specified in article C3.6.

C3.7.3.3 Transverse strength in the special case
of catamaran craft when the structure
connecting both hulls is formed by a
deck with single plate stiffened by n

reinforced beams over the deck

A Referring to Figure C3.7.3, G is the centre of
the stiffnesses r; of the n beams. Its position is defined by:

_ Zri-xi
>

where:

a . abscissa, in m, of the centre G with respect to
an arbitrarily chosen origin 0,

I . stiffness, in N/m, of the beam i, equal to:
- 12El; s

s

E : Young’s modulus, in N/mm?, of the beam i,

l; . bending inertia, in m*, of the beam i,

S; . span, in m, of the beam i between the inner
faces of the hulls,

Xi . abscissa, in m, of the beam i with respect to the

origin 0.

If F;, in N, is the force taken over by the beam i, the deflec-
tion y;, in m, of the hull in way of the beam i, is:

=2 =T =d-0

Y S tmET h

d; . abscissa, in m, of the beam i in relation to G:
di =X —a,

0 . rotation angle, in rad, of one hull in relation to
the other around a transverse axis passing
through G.
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Figure C3.7.3
2 From the transverse torsional moment (cf. kept the same over the overall span inside and outside the

C3.4.2.4) My = F; - d; 1073, the formula for ® may be
obtained:

m:L.loa

Zri~di2

3 As My, r, and d; are known, ® is thus
deduced, then the force F;, in N, the bending moment M;, in
N.m, and the corresponding normal and shear stresses can
be evaluated in each beam:

Fi =0r; di
Note: Beams calculated by the above method are assumed to
be fixed in each hull as beams in way of bulkheads inside

hulls. For this hypothesis to be correct, the beams are to extend
over the whole breadth of both hulls and their stiffness is to be

GL 2002

hulls.

C3.74 Fatigue
C3.74.1 General
1 The fatigue strength of structural details is to

be checked, when deemed necessary by the Society. In this
case, the Society’s criteria are to be applied.

C3.74.2 Effect of stabilisation system

1 The beneficial effect of stabilisation system
may be considered for the purpose of fatigue analysis.

2 In such a case, loads reductions are to be jus-
tified by designer on basis of tank tests or full scale tests.
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C3.7.5 Buckling strength of steel structural
members
C3.75.1 Application
A These requirements apply to steel plates and

stiffeners subject to compressive load, to calculate their
buckling strength. Other buckling rules can be accepted as
agreed with the Society.

C3.7.5.2 Elastic buckling stresses of plates

A Compressive stress

The elastic buckling stress, in N/mm?, is given by:

t 2
GE:O,9~mC‘E~(1OOOVa)

where:
m, : e for plating with stiffeners parallel to com-
pressive stress:
_ 8,4
¢ oy+1,1

= for plating with stiffeners perpendicular to
compressive stress:

Me = C'(“(%)jz'\u%ll,l

E : Young’s modulus, in N/mm?, to be taken equal
to 2,06 - 10° N/mm? for steel structure,

t . thickness of plating, in mm,

a . shorter side of plate, in m,

b :longer side of plate, in m,

c : e ¢ = 1,30 when plating is stiffened by floors

or deep girders

= ¢ = 1,21 when plating is stiffened by ordi-
nary stiffeners with angle- or T-sections

= ¢ = 1,10 when plating is stiffened by ordi-
nary stiffeners with bulb sections

= ¢ = 1,05 when plating is stiffened by flat
bar ordinary stiffeners,

v : ratio between smallest and largest compressive
stresses when the stress presents a linear varia-
tion across the panel (0 <Y <1).

2 Shear stress

The elastic buckling stress is given by:

t 2
tE=O,9-m[‘E-(—1OOO‘a)

where:
m, =534+ 4. (a/b)?
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E, t, aand b are given in C3.7.5.2.1 above.

C3.7.5.3 Elastic buckling stress of stiffeners

1 Column buckling without rotation of the
cross section

For the column buckling mode (perpendicular to the plane
of plating) the elastic buckling stress, in N/mm?, is given by:

oe = 0,001 E-—2
4
where:
E : Young’s modulus, in N/mm?, to be taken equal

to 2,06 - 105 N/mm?Z for steel structures,

I, : moment of inertia, in cm#*, of the stiffener,
including plate flange,

A . cross-sectional area, in cm?, of the stiffener,
including plate flange,

14 : span, in m, of the stiffener.

2 Torsional buckling mode

For the torsional mode, the elastic buckling stress, in
N/mm?2, is given by:

2. E.
oe = n—““’-(m2+9§)+0,385£-:—‘

1041, 2 m ;
where:

E, /¢ . given in C3.7.5.3.1 above,

c./

——— 6
n-E-, 10

Cc =
m : number of half-waves, given in Table C3.7.1,

Table C3.7.1 - Values of m

C«

0<Ci<4

4<C,<36

wW| N[ | 3

36 < C, <144

(M-12m?2<C,<m?(m + 1)

3

I :  St. Venant moment of inertia of profile, in cm?,
without plate flange, equal to:
« for flat bars:

.13
I = —hw3 5. 104

= for flanged profile:

S .3.(_ LA
-3 (hw t3+b,-t3-(1-0,63 b) 10
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[ : polar moment of inertia of profile, in cm*, about C3.7.54 Critical buckling stresses
connection of stiffener to plate, equal to:
= for flat bars: 1 Compressive stress
3.
|p = hW_tW 104 B ) . ) .
3 The critical buckling stress in compression o, in N/mm?, for

- for flanged profile: plates and stiffeners, is given by:

_(hd-t, 2. h.t).104 _ Oe : Ren
lp = (Bt ohg byt 20 o.- % f o < Rt
. Lo L Re Re Re
Iy : sectional moment of inertia of profile, in cmé, G, = S-FHl : (1 2] if o> —Z—H
about connection of stiffener to plate, equal to:
= for flat bars: where
L = hg - t3 10 Ren : minimum yield stress of steel used, in N/mm?,
v 36
G . elastic buckling stress calculated according to
= for T profiles: C3.7.5.2.1 and C3.7.5.3.
l, = t*-bezﬂ 10° SF, . safety factor defined in C3.7.5.4.3.
= for angles and bulb profiles: 2 Shear stress
b;-hZ-10° » _ _
w = 12 (b ih) (t;- (b7 +2b;- h,, +4-h) +3t,-b;-h,) The critical buckling shear stress 1., in N/mm?, for panels
o and stiffeners, is given by:
h,, :web height, in mm,
. . T, = if o< 2
ty . web thickness, in mm, ¢ SF1 E=2
b . flange width, in mm, Te Te ) Te
i g T, = SF, ( 4‘13 If’lTE>2
t; : flange thickness, in mm; for bulb profiles, the
mean thickness of the bulb may be used, where:
C : spring stiffness factor, exerted by supporting T = Ren
plate panel, equal to: /3
C = kp-E-t3 03 Ren : minimum yield stress of steel used, in N/mmz2,
3s. (1 1,33k, h, 3 j
1000 - s - 3 Te . elastic buckling stress calculated according to
C3.7.5.2.2.
t . plate thickness, in mm,
SF; . safety factor defined in C3.7.5.4.3
S . spacing of stiffeners, in m,
k, = 1 —n,, not to be less than zero, 3 Safety factors
Mp = Ca/ Ogp '
The values of safety factor SF, to be used are given below:
C, . calculated compressive stress in the stiffener,
) ) ) = Plating
Okp : elastic buckling stress of plate as calculated in
C3.752.1 - local loads: SF; = 1,00
3 Web buckling - overall loads: SF;, = 1,00

= Secondary stiffeners

The elastic buckling stress, in N/mm?, is given by: - local loads: SF. = 1.00
. 1= y

o =3,8-E: GTVQZ - overall loads: SF, = 1,33
where: = Primary structure

E : given in C3.7.5.3.1 above, - local loads: SF; = 1,00
tw, h, @ givenin C3.7.5.3.2 above. - overall loads: SF, = 1,53
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C3.7.6 Buckling strength of aluminium alloy
structural members
C3.76.1 Application
A These requirements apply to aluminium alloy

plates and stiffeners subjected to compressive load, to cal-
culate their buckling strength.Other buckling rules can be
accepted as agreed with the Society.

C3.7.6.2 Elastic buckling stresses of plates

A Compressive stress

The elastic buckling stress, in N/mm?, is given by:

t 2
GE:O,Q-mC-E-S'(m.—a)

where:

m, . = for uniform compression (¥ = 1):

m, = (1 + 7P

for compression-bending stress (0 <¥ < 1):
- dfy <y

me=1+L1.(m-1)
T

- ify>ye
_ 2,1

— 2 . + v2)2
M= 177y 477

Y : c/d, not to be greater than 1,
unloaded side of plate, in m,

d . loaded side of plate, in m,

2

1
m = i (AR

¥ . ratio between smallest and largest compressive
stresses when the stress presents a linear varia-
tion across the panel (0 <¥ <1),

E : Young’s modulus, in N/mm?, to be taken equal
to 0,7 - 105 N/mm? for aluminium alloy struc-
tures,

€ . coefficient equal to:

= for edge d stiffened by a flat bar or bulb
section:

- ify21:e=1,0
- ify<lie=11
= for edge d stiffened by angle- or T-section:
- ify2lie=11
- ify<l:e=1,25
t :  plate thickness, in mm,

a . shorter side of plate, in m.
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2 Shear stress

The critical buckling stress, in N/mm?, is given by:

TE=0,9-m1-E-(m)Z

where:
E, tand a are given in C3.7.6.2.1,
m,=5,34 + 4 (a/ b)?

b . longer side of plate, in m.
C3.7.6.3 Critical buckling stresses

il Compressive stress

The critical buckling stress o., in N/mm?, is given by:

= Oc it 5. < Reo2
o SF. if o< 5
R ( R . R
—po2 (1 Rpoz Tpo.2
G SF. 1 4-0) if og > 5
where
Rpo2 : minimum guaranteed yield stress of aluminium
alloy used, in N/mm?, in delivery conditions,
o . elastic buckling stress calculated according to
C3.7.6.2.1.
SF, . safety factor defined in C3.7.5.4.3
2 Shear stress

The critical buckling stress ., in N/mm?, is given by:

— Te ; Rpo.2
T, = if 7o <222
SF, T 2.3
RpO 2 RpO 2 R 2
T, = .| 1- - if 7o > —2%2
where:
Rpo2 . as defined in C3.7.6.3.1,
T . elastic buckling stress calculated according to
C3.7.6.2.2.
SF, . safety factor defined in C3.7.5.4.3
C3.7.6.4 Axially loaded stiffeners

1 Elastic flexural buckling stress

The elastic flexural buckling stress cg, in N/mm?, is given
by:

- T 100
;. = 69,1 (1000.3 m- 10

where:

r . gyration radius, in mm, equal to:

r=10 S 5
NS+@-t-10"
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| : moment of inertia of the stiffener, in cm?, calcu-
lated with a plate flange of width equal to o,

[0} : smaller of:
800 a, and
200 c
S . area of the cross section of the stiffener, in cm?,

excluding attached plating,
m . coefficient depending on boundary conditions:

e m=1 for a stiffener simply supported at
both ends,

 m = 2 for a stiffener simply supported at
one end and fixed at the other one,

e m =4 for a stiffener fixed at both ends.

2 Local elastic buckling stresses
The local elastic buckling stresses og, in N/mm2, are given

by:
= for flat bars:

t 2
o = 55-(h—“:) -10°

= for built up stiffeners with symmetrical flange:

7 (;—92.104

- web:

- flange
or = 11 (3)2 104
b
where
h,, :web height, in mm,
tw : web thickness, in mm,
by : flange width, in mm,
t . flange thickness, in mm.
3 Critical buckling stress

The critical buckling stress o., in N/mm?, is given by:

_ O: ; Rpo.2”
O, = — if op < 2%
SF, T2
. = Reo2” (1 _mj if 5, > ooz’
¢ 'Sk, 2
where:
Roo.” : minimum as-welded guaranteed yield stress of

aluminium alloy used, in N/mm?2,

Cc : either overall elastic buckling stress or local
elastic buckling stress calculated according to
C3.7.6.4.1 or C3.7.6.4.2, whichever is the less.

SF, : safety factor defined in C3.7.5.4.3
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C3.7.7 Plating
C3.7.7.1 Formula
1 The thickness, in mm, required for the pur-

poses of resistance to design pressure, is given by the
formula:

t=224.p-s- |2
“’ Gam

Pressure p, in kN/m?2, and permissible stress 6,,,, in N/mm?,
are defined in requirements stipulated in C3.7.7.3 to
C3.7.7.8 for the various parts of the hull.

2 In addition, the thicknesses of plating are to
be not less than the minimum values given in Table C3.7.2,
in general.

3 Lesser thicknesses than the one given in
Table C3.7.2 may be accepted provided that their adequacy
in relation to strength against buckling and collapse is dem-
onstrated to the satisfaction of the Society. Adequate
provision is also to be made to limit corrosion.

Table C3.7.2

Minimum

Element
thickness (mm)

Shell plating:

= Bottom shell plating 13511325

= Side shell plating and wet deck plating 1,15 113>25

Deck plating 2,5
Bulkhead plating 2,5
Deckhouse side shell plating 2,5

C3.7.7.2 Keel

1 The thickness of keel plating is to be not less
than that required for adjacent bottom plating.

2 This requirement may be waived in the case
of special arrangements for dry-docking of craft of unusual
hull design in the opinion of the Society.

C3.7.7.3 Bottom shell and bilge plating

1 The minimum required thickness is to satisfy
the requirements of the formula in C3.7.7.1 under the fol-
lowing two conditions:

(@ p 1 impact pressure py if occurring on the bottom
as defined in C3.5.3;

Cam . e steel structures:
Gam = 235/K (N/mm?)

= aluminium alloy structures:
Gam = 95/K (N/mm?),
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(b) p : sea pressure p, as defined in C3.5.5;
Cam : = steel structures:

- = 185/K (N/mm?)

= aluminium alloy structures:
Gam = 85/K (N/mm?).

2 The thickness of bilge plating is not, in any
case, to be less than that of the bottom and side adjacent,
whichever is greater.

3 The thickness of plates connected to the
stern frame, or in way of propeller shaft brackets, is to be at
least 1,5 times the thickness of the adjacent plating.

4 In craft fitted with a bow thruster, the thick-
ness of the connection with the housing of such propeller is
to be considered individually by the Society.

C3.7.7.4 Sea intakes and other openings

A Sea intakes and other openings are to be well
rounded at the corners and located, as far as practicable,
well clear of sharp edges.

2 Sea chests are to have scantlings as for
watertight tank bulkheads (see C3.7.11), taking a design
pressure p,, in kN/m2, equal to:

P:=ps + 015 " Pa
where p, and p, are as defined in C3.5.5 and C3.5.3
respectively.

C3.7.7.5 Plating of side shell and front walls

A The minimum required thickness is given by
the formula in C3.7.7.1, assuming:

p : e sea pressure p, as defined in C3.5.5, for
side shell plating,

= sea pressure py as defined in C3.5.6, for
front wall plating,

Cam . e steel structures:
am = 185/K (N/mm?)

= aluminium alloy structures:
Gam = 85/K (N/mm?).

If front walls are located at the fore end of the hull, the pres-
sure py (see C3.5.6) and the allowable stresses are to be
considered individually by the Society.

2 The thickness of the sheerstrake is to be not
less than that of the side or stringer plate.

.3 At the ends of deckhouses, the thickness of
the sheerstrake is to be suitably increased.
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4 Where side scuttles or windows or other
openings are located on the sheerstrake, the thickness is to
be increased to compensate for the openings.

C3.7.7.6 Plating of wet deck (cross-deck bottom)
and internal sides of catamaran
A The minimum required thickness for the wet
deck plating is given by the formula in C3.7.7.1, assuming:
@ p : impact pressure p,, as defined in C3.5.4;
Cam . = steel structures:

Gam = 235/K (N/mm?)
= aluminium alloy structures:
Gam = 95/K (N/mm?),
(b) p : sea pressure ps as defined in C3.5.5;

Gam . = steel structures:
am = 185/K (N/mm?)

= aluminium alloy structures:
Gam = 85/K (N/mm?3).

2 Moreover, the thickness of internal sides may
be intermediate between that of the bottom of hulls and the
bottom of the cross-deck. In any case, it is to be no less than
that required in C3.7.7.5 for external sides.

C3.7.7.7 Deck plating
1 The minimum required thickness is given by
the formula in C3.7.7.1, assuming:
p . deck pressure p4 as defined in C3.5.8;
Gam . e steel structures:

Gam = 185/K (N/mm?)

= aluminium alloy structures:
Gam = 85/K (N/mm?).

2 The thickness, in mm, of decks intended for
the carriage of vehicles is to be not less than the value cal-
culated by the formula:

t=f. (c.P- KPS

where:

f . coefficient equal to:
= 3,9 for steel structures
« 5,6 for aluminium alloy structures,

c . coefficient given in Table C3.7.3 as a function
of the dimensions u and v of the tyre print (see
Figure C3.7.4),

P . static load on the tyre print, in kN, increased by

(1+0,4-a), a, being the design vertical accel-
eration defined in C3.3.

Where there are double wheels, the tyre print consists of
both.
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Table C3.7.3 - Coefficient ¢
u/s
b/s viu
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,5 0,242 0,174 0,138 0,113 0,094 0,080 0,077 0,060 0,052 0,045
1,0 0,222 0,160 0,122 0,099 0,079 0,066 0,055 0,045 0,037 0,030
1
2,0 0,198 0,134 0,098 0,073 0,053 - - - - -
3,0 0,175 - - - - - - - - -
0,5 0,228 0,189 0,158 0,128 0,111 0,096 0,083 0,073 0,064 0,056
1,0 0,217 0,177 0,143 0,116 0,098 0,082 0,070 0,060 0,051 0,043
1,4
2,0 0,196 0,153 0,119 0,092 0,072 0,058 0,046 - - -
3,0 0,178 0,134 0,100 0,072 - - - - - -
0,5 0,232 0,196 0,163 0,135 0,117 0,100 0,087 0,077 0,067 0,059
1,0 0,219 0,184 0,150 0,123 0,105 0,088 0,076 0,066 0,056 0,048
>25
2,0 0,199 0,161 0,129 0,101 0,082 0,067 0,055 0,046 0,037 0,031
3,0 0,185 0,142 0,108 0,083 0,064 0,051 0,038 0,028 0,019 0,012
Figure C3.7.4 C3.7.7.8 Plating of deckhouse walls
| 1 The minimum required thickness is given by
the formula in C3.7.7.1, assuming:
| TS | * g
s | u ’_,J,-_'_r'_r | p . sea pressure pg, as defined in C3.5.7;
a
: | Cam : e steel structures:
e . am = 185/K (N/mm?)
b - :
= aluminium alloy structures:
Gam = 85/K (N/mm?).
3 The designer is to supply details of tyre pres-
sure, wheel dimensions, loads on wheels and tyre print . .
2 Openings (doors, windows) are to be well
dimensions. Where this information is not available, an
- . - rounded at the corners.
approximate value of the thickness, in mm, may be
obtained from the following formula:
—f .C. . . K)05 3 Where there is no access from inside deck-
t=f,-C;-(P,-K)
. houses to ’‘tween-decks below or where one of the
where: L -
boundary walls concerned is in a particularly sheltered
f, : coefficient equal to: position, reduced scantlings compared with those above
« 0,28 for steel structures may be accepted, at the discretion of the Society.
= 0,38 for aluminium alloy structures, 4 For unprotected front walls located at the
Ci1 . coefficient equal to: fore end, the pressure py, and allowable stresses are to be
- 3,60 for vehicles with 4 wheels per axle considered individually by the Society.
= 4,45 for vehicles with 2 wheels per axle,
P, : static axle load, in kN, increased by C3.7.8 Ordinary stiffeners
(L+0,4-a,), a, being the design vertical accel-
eration defined in C3.3. C3.7.81 General
A4 The thickness of areas of watertight decks or
flats forming steps in watertight bulkheads or the top or the 1 This sub-article states the requirements to be

bottom of a tank is also to comply with the provisions of
C3.7.11.
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complied with for ordinary stiffeners of the bottom, sides,
decks and, for catamaran, the cross-deck and internal sides.

75



Chapter 1 Section 3

2 The section modulus Z, in cm?3, and the shear
area A,, in cm?, required for the purpose of supporting the
design pressure transmitted by the plating, are given by the
following formulae:

2
7 = 1000 L-5-P
m¢

am

where m is a coefficient depending on the type of stiffener
and on whether there are Rule brackets at the end of each
individual span. The values of m are indicated in Table
C3.7.4.

The pressure p, in kN/mm?, and allowable stresses c,,, and
Tame IN N/mm?, are defined in C3.7.8.2 to C3.7.8.6 for the
various regions of the hull.

Table C3.7.4 - Coefficient m

Type of stiffener m
Continuous longitudinal stiffeners without Rule brackets 12
at the ends of span
Longitudinal and transverse stiffeners with Rule brackets 19
at the ends of span
Longitudinal and transverse stiffeners with Rule brackets 15
at one end of span
Non-continuous longitudinal stiffeners and transverse 8
stiffeners without Rule brackets at the ends of span
3 These formulae are valid for stiffeners whose

web is perpendicular to the plating, or forms an angle to the
plating of less than 15°.

In the case of stiffeners whose web forms an angle oo > 15°
to the perpendicular to the plating, the required modulus
and shear area may be obtained from the same formulae,
dividing the values of Z and A, by cos (o).

4 The section modulus of ordinary stiffeners is
to be calculated in association with an effective width of
plating equal to the spacing of the stiffeners, without
exceeding 20 per cent of the span.

5 For steel stiffeners, the web thickness is to be
not less than:
= 1/18 of the depth, for flat bars,

= 1/50 of the depth, for other sections,

and the thickness of the face plate is to be not less than 1/15
of its width.

.6 For aluminium alloy stiffeners, the web
thickness is to be not less than:
= 1/15 of the depth, for flat bars,

= 1/35 of the depth, for other sections,

and the thickness of the face plate is to be not less than 1/20
of its width.
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7 The ends of ordinary stiffeners are, in gen-
eral, to be connected by means of rule brackets to effective
supporting structures.

Ends without brackets are accepted at the penetrations of
primary supporting members or bulkheads by continuous
stiffeners, provided that there is sufficient effective welding
section between the two elements. Where this condition
does not occur, bars may be accepted instead of the brack-
ets, at the discretion of the Society.

.8 In general, the resistant weld section A,,, in
cm?, connecting the ordinary stiffeners to the web of pri-
mary members, is not to be less than:

Ay=0¢-p-s-(-K-103

where:

(0} . coefficient as indicated in Table C3.7.5,

p :design pressure, in kN/m?, acting on the sec-
ondary stiffeners, defined below for various
hull regions,

S . spacing of ordinary stiffeners, in m,

l . span of ordinary stiffeners, in m,

K . greatest material factor of ordinary stiffener and
primary member, defined in C3.2.

Table C3.7.5 - Coefficient ¢
Case Weld Aluminium Steel
alloy

1 Parallel to the reaction exerted 200 100
on primary member

Perpendicular to the reaction 160 75

exerted on primary member

9 For aluminium alloys, when calculating the
resistant connecting weld section, the fillet weld length d.,
in mm, is determined as follows (see cases 1 and 2 in Table
C3.7.5):

casel : d,=d-20,
where d is the length of the weld, in mm,

case 2 : for extruded T stiffeners, the lesser of:
d.=d-20andd,=4t,
where b, in mm, is the flange width of the ordi-

nary stiffener and t, in mm, is the web thickness
of the primary member.

C3.7.8.2 Bottom and bilge stiffeners

1 Both single and double bottoms are gener-
ally to be longitudinally framed.

2 The section modulus, shear area and weld-
ing section required for bottom and bilge stiffeners are
given by the formulae in C3.7.8.1, assuming:
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@ p :impact pressure py if occurring on the bottom
as defined in C3.5.3;

= steel structures:
Gam = 150/K (N/mm?)
T,m = 90/K (N/mm?)

Gamu Tam

= aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?),

(b) p :  sea pressure p; as defined in C3.5.5;

stiffeners contributing to the longitudi-
nal strength:

Gﬁm7 Tam : e

- steel structures:
Gam = 150 C¢/K (N/mm?)
Tom = 90/K (N/mm?)
- aluminium alloy structures:
Gam = 70 CA/K (N/mm?)
Tom = 45/K (N/mm?),
= stiffeners not contributing to the longi-
tudinal strength:
- steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?)
- aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?),
where Cg and C, are given by Table C3.7.6.

3 Bottom longitudinals are preferably continu-
ous through the transverse elements. Where they are
interrupted at a transverse watertight bulkhead, continuous

Section 3
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brackets are to be positioned through the bulkhead so as to
connect the ends of longitudinals.

C3.7.8.3 Side and front wall stiffeners

1 The section modulus, shear area and welding
section are given by the formulae in C3.7.8.1, assuming:

sea pressure p, as defined in C3.5.5, for
side stiffeners,

p e

= sea pressure py as defined in C3.5.6, for
front wall stiffeners,

= side stiffeners contributing to the longitudi-
nal strength:

Gamv Tam

- steel structures:
G.m = 150 C¢/K (N/mm?)
Tam = 90/K (N/mm?)
- aluminium alloy structures:
Gam = 70 CA/K (N/mm?)
Tam = 45/K (N/mm?),
= side stiffeners not contributing to the longi-
tudinal strength and front wall stiffeners:
- steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?)
- aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?),
where C; and C, are given by Table C3.7.6.

2 For unprotected front walls located at the
fore end, the pressure p (see C3.5.6) and allowable stresses
are to be considered individually by the Society.

Table C3.7.6 - Coefficients Cg and C,

Steel structures Aluminium alloy structures
L x/L
Cs Ca

L<24m 0<x/L<1 1 1
L >24 m (Note 2) 0<xlL<l 1,4-1/e 1,3-1/e

x/L <0,1 1 1

1 X 1 X

01<xL<03 1+o,5~(o,475)-(10-[71) 1+o,5-(o,375)-(1o X 1)
Alternative method for 1 1
24m<L<65m 0,3<x/L<0,7 1,47E 1’3*5
(Note 3)

07<xL<09 170,5~(o,47%)(1o"—[79) 170,5.(0,37%).(10 ’—‘79)

0,9<x/lL<1 1 1
Note 1 : In these formulae, the values of Cs and C, are to be taken less than or equal to 1.
Note 2 : The ratio e is to be calculated at the location x, on basis of bending moment distribution defined in C3.4.1and C3.4.2.
Note 3 : The ratio e is to be calculated at the section comprised between 0,3 - L and 0,7 - L at which e takes the highest value.
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C3.7.84 Stiffeners of wet deck (cross-deck
bottom) and internal sides of catamaran
A The section modulus, shear area and weld-

ing section required for bottom stiffeners of the cross-deck
are given by the formulae in C3.7.8.1, assuming:

@ p

Gamv Tam :

impact pressure pg as defined in C3.5.4;

steel structures:

Gam = 180/K (N/mm?)

Tam = 90/K (N/mm?)
aluminium alloy structures:
Gam = 85/K (N/mm?)

Tam = 45/K (N/mm?),

sea pressure p, as defined in C3.5.5;

stiffeners contributing to the longitudi-
nal strength:

steel structures:

Gam = 150 C¢/K (N/mm?)

Tam = 90/K (N/mm?)

aluminium alloy structures:
Gam = 70 CA/K (N/mm?2)
Tam = 45/K (N/mm?),

stiffeners not contributing to the longi-
tudinal strength:

steel structures:

Gam = 150/K (N/mm?)

Tam = 90/K (N/mm?)

aluminium alloy structures:

Gam = 70/K (N/mm?)

Tam = 45/K (N/mm?),

where Cg and C, are given by Table C3.7.6.

2 Internal side stiffeners may have characteris-
tics intermediate between those of the bottom of the hull
and those of the bottom of the cross-deck. In any case, such
characteristics are not to be less than those required in
C3.7.8.3 for external sides.

C3.7.85 Deck stiffeners

1 The section modulus, shear area and weld-
ing section are given by the formulae in C3.7.8.1,
assuming:
p deck pressure py as defined in C3.5.8,
Cam» Tam . =  Stiffeners contributing to the longitudinal

strength:
steel structures:
G.m = 150 Cy/K (N/mm?)
Tam = 90/K (N/mm?)

aluminium alloy structures:
Gam = 70 CA/K (N/mm?2)
Tam = 45/K (N/mm?),
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stiffeners not contributing to the longitudinal
strength:

steel structures:

Gam = 150/K (N/mm?)

Tam = 90/K (N/mm?)

aluminium alloy structures:

Gam = 70/K (N/mm?)

Tam = 45/K (N/mm?),

where Cg and C, are given by Table C3.7.6.

2 Where there are concentrated loads of signif-

icant magnitude, deck stiffeners are to be adequately
strengthened. In particular, stiffeners of decks intended for
the carriage of vehicles are to be able to support the con-
centrated loads transmitted by the wheels, including inertia
effects.
In this case, the structural check is, in general, to be carried
out adopting the static model of the continuous girder on
several supports (formed by primary supporting members)
and considering the most severe vehicle loading arrange-
ment for deck stiffeners. The normal and shear stresses thus
calculated are not to exceed the allowable limits defined
above.

3 The ordinary stiffeners of decks or flats con-
stituting the top or bottom of tanks are also to comply with
the requirements of C3.7.11.

4 Where longitudinals are interrupted in way
of watertight bulkheads or reinforced transverse structures,
the continuity of the structure is to be maintained by means
of brackets penetrating the transverse element. The Society
may allow double brackets welded to the transverse ele-
ment, provided that special provision is made for the
alignment of longitudinals, and full penetration welding is
used.

C3.7.8.6 Stiffeners of boundary walls of
deckhouses
1 The section modulus, shear area and weld-
ing section are given by the formulae in C3.7.8.1,
assuming:
p sea pressure pg, as defined in C3.5.7,
Gam» Tam - steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?),
= aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?).
2 If unprotected front walls are located at the

fore end, the pressure py, and the allowable stresses are to
be considered individually by the Society.

3 Any front or side wall vertical stiffeners of
first tier deckhouses are to be connected, by means of
brackets at the ends, to strengthening structures for decks or
adjacent sides.
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4 Longitudinal stiffeners are to be fitted on the
upper and lower edges of large openings in the plating. The
openings for doors are, in general, to be stiffened all the
way round.

5 Where there is no access from inside deck-
houses to ’'tween-decks below, or where a deckhouse
boundary wall is in a particularly sheltered location,
reduced scantlings with respect to those stipulated above
may be accepted, in the opinion of the Society.

C3.7.9 Primary supporting members
C3.7.9.1 General
A This article gives the requirements to be

complied with for primary supporting members of the bot-
tom, sides, decks and, for catamaran, the cross-deck.

2 The primary supporting members (floors,
frames, beams) are to form continuous transverse frames. In
general, the stiffened frame spacing, in mm, is not to
exceed:

1200 +10L

without being greater than 2 m.

Primary supporting members with spacing other than that
defined above may be required for specific parts of the hull
(e.g. machinery space, under pillars), as stipulated in the
provisions below.

3 The section modulus Z, in cm?, and shear
area A, in cm?, required to support the design pressure
transmitted by the ordinary stiffeners are given by the fol-
lowing formulae:

2.p.
Z = 1000 - S?-b-p
A =5 S-b-p
Tam
where:
m . coefficient which depends on support condi-

tions at the ends of the girder span, generally
assumed to be equal to:

= 10 for floors, bottom girders, side frames,
deck beams and girders, vertical webs of
superstructures

= 12 for side stringers.

In special circumstances, a different value may be taken for
m, at the discretion of the Society.

The pressure p, in kN/m?, and allowable stresses o,, and
T,m» IN N/mm2, are defined in C3.7.9.2 to C3.7.9.6 for vari-
ous parts of the hull.

4 The above formulae are applicable where
reinforced structures are not of the grillage type. Otherwise,
the scantlings of reinforced structures are to be stipulated by
means of direct calculations performed on the basis of crite-
ria agreed upon with the Society.
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.5 The section modulus of primary supporting
members is to be calculated in association with an attached
plating, according to criteria specified by the Society.

.6 For steel stiffeners, the following geometric
ratios are to be satisfied:

« the web thickness is to be not less than 1/80 of web
depth,

= the face plate thickness is to be not less than 1/30 of
face plate breadth (1/15 for face plates which are not
symmetrical with respect to the web).

7 For aluminium stiffeners, the following geo-
metric ratios are to be satisfied, where the compressive
stress is not known:
= the web thickness is to be not less than 1/35 of web
depth,

« the face plate thickness is to be not less than 1/20 of
face plate breadth (1/10 for face plates which are not
symmetrical with respect to the web).

.8 Particular attention is to be paid to compres-
sive buckling strength of associated plating of transverse
primary members

.9 In case of primary structure made of floating
frames and extruded panels, the flexural contribution of the
extruded plating may generally be disregarded.

C3.7.9.2 Floors and girders of single bottom

1 The section modulus and shear area are
given by the formulae in C3.7.9.1 for the following two
conditions:

(@ p :impact pressure p if occurring on the bottom
as defined in C3.5.3;

Cam» Tam . =  Steel structures:
Gam = 150/K (N/mm?)
am = 90/K (N/mm?)
= aluminium alloy structures:
am = 70/K (N/mm?)
am = 45/K (N/mm?),

(b) p 1 sea pressure p; as defined in C3.5.5;

= steel floors:
am = 150/K (N/mm?)
am = 90/K (N/mm?)
< aluminium alloy floors:
am = 70/K (N/mm?)
Tam = 45/K (N/mm?)
= steel girders:
Gam = 150 C/K (N/mm?)
am = 90/K (N/mm?)
= aluminium alloy girders:
am = 70 CA/K (N/mm?)
Tam = 45/K (N/mm?),
where Cg and C, are given by Table C3.7.6.

Gam! Tam
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2 Floors are to be positioned in way of side
and deck transverses. Intermediate floors may also be fitted
provided that they are adequately connected at the ends.

3 Manholes and other openings are not to be
located at the ends of floor or girder spans, unless shear
stress checks are carried out in such areas.

4 Floors are to be fitted in machinery spaces,
generally at every frame, and additional stiffeners are to be
provided at bottom in way of machinery and pillars.

.5 In way of main machinery seatings, girders
are to be positioned extending from the bottom to the foun-
dation plate of main engines.

.6 A girder is, generally, to be fitted centreline
for dry-docking. The height of such a girder is to be not less
than that of floors amidships and the thickness less than the
value t, in mm, obtained from the formula:

e for steel:
t=(0,05-L+2)-Ko5

= for aluminium alloys:
t=(0,07-L+2,5) Ko5

The girder is to be fitted with a continuous face plate above
the floors, its area not less than the value A, in cm?, given
by the formula:

= for steel:
A,=025 L K

= for aluminium alloys:
A,=050-L-K

In hulls with a longitudinally framed bottom and width
B > 8 m, side girders are also to be positioned in such a way
as to divide the floor span into approximately equal parts. In
catamaran, B is to be taken as the width of a single-hull. The
thickness of the web may be assumed to be equal to that of
the centre girder less 1 mm, and the area of the face plate
may be reduced to 60% of that of the centre girder. Where
side girders are intended to support floors, a structural
check of their scantlings is to be carried out as deemed nec-
essary by the Society.

C3.7.9.3 Primary supporting members of sides
and front walls
A The section modulus and shear area are

given by the formulae in C3.7.9.1, assuming:

p . = seapressure p, as defined in C3.5.5 for pri-
mary members of sides,

= sea pressure py as defined in C3.5.6 for pri-
mary members of front walls,
steel structures:
Gam = 150/K — 6, (N/mm?)
Tam = 90/K (N/mm?),

Gam1 Tam

80

Structures

| -Part 3

= aluminium alloy structures:
Gam = 70/K — 6, (N/mm?)
Tam = 45/K (N/mm?),

G, being the stress induced by the normal force in side
transverses due to deck loads transmitted by deck beams.

2 For unprotected front walls located at the
fore end, the pressure p, (see C3.5.6) and allowable stresses
are to be considered individually by the Society.

C3.7.9.4 Primary supporting members of the wet
deck (cross-deck) and internal sides of
catamaran

A In the most common case of cross-deck

structures constituted by transverse stiffener plates enclosed
between lower plating and a deck, and connected at the
ends to reinforced hull structures, the scantlings are deter-
mined by transverse strength checks aimed at ensuring an
adequate connection between the hulls (see C3.7.4).

2 Where the cross-deck is formed by multiple
structures, each of the latter is also to be checked for the
effect of local loads, in accordance with the following
provisions.

3 The section modulus and shear area required
for transverse structures of the cross-deck are given by the
formulae in C3.7.9.1, for the following two conditions:

(@) lower structures of the cross-deck:
p . impact pressure py as defined in C3.5.4

steel structures:
Gam = 180/K (N/mm?)
Tam = 90/K (N/mm?)

Gam! Tam

= aluminium alloy structures:
am = 85/K (N/mm?)
am = 45/K (N/mm?),

(b) cross-deck structures supporting decks:
p . sea pressure pgy as defined in C3.5.8

steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?)

Gam7 Tam

= aluminium alloy structures:
am = 70/K (N/mm?)
am = 45/K (N/mm?).

4 Where the lower structure of the cross-deck
also supports a deck, such a structure is to be checked sepa-
rately for conditions (a) and (b) above.

5 The section modulus and shear area required

for side transverses of internal sides are given by the formu-
lae in C3.7.9.1 for condition (a) above.
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C3.7.95 Primary supporting members of decks
A In the absence of concentrated loads trans-

mitted to the primary supporting member by pillars or other
primary supporting members, the section modulus and
shear area required for deck transverses and deck girders
supporting longitudinals and beams, respectively, are given
by the formulae in C3.7.9.1, assuming:

p : deck pressure py as defined in C3.5.8,
steel deck transverses:
Gam = 150/K (N/mm?)
am = 90/K (N/mm?),
« aluminium alloy deck transverses:
Gam = 70/K (N/mm?)
am = 45/K (N/mm?),

Gami Tam

= steel deck girders:
am = 150 C¢/K (N/mm?)
Tam = 90/K (N/mm?),

= aluminium alloy deck girders:
am = 70 CA/K (N/mm?)
Tam = 45/K (N/mm?),
where Cg and C, are given by Table C3.7.6.

2 The primary members of decks or flats con-
stituting the top or bottom of tanks are also to comply with
the requirements of C3.7.11.

3 When there are concentrated loads of signifi-
cant magnitude (e.g. transmitted by pillars or other primary
members or due to the carriage of vehicles), deck girders
are to be adequately strengthened.

In this case the structural check is, generally, to be carried
out by using the static model of a beam with partial clamp-
ing at its ends (clamping coefficient = 0,30).

The allowable stresses stipulated above are to be
considered.

The beam section is to be kept constant over its length.

4 At the discretion of the Society, calculations
based on different static models may be accepted, depend-
ing on the structural typology adopted.

C3.7.9.6 Primary supporting members of
deckhouse boundary walls
1 The section modulus and shear area are
given by the formulae in C3.7.9.1, assuming:
p . sea pressure p, as defined in C3.5.7,
Gam s Tam steel structures:

Gam = 150/K (N/mm?)
am = 90/K (N/mm?2),
= aluminium alloy structures:
am = 70/K (N/mm?)
Tam = 45/K (N/mm?).
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2 Where there is no access from inside deck-
houses to ’tween-decks below or where a deckhouse
boundary wall is in a particularly sheltered location,
reduced scantlings with respect to those stipulated above
may be accepted at the discretion of the Society.

3 For unprotected front walls located at the
fore end, the pressure py, and allowable stresses are to be
considered individually by the Society.

C3.7.10 Pillars
C3.7.10.1 Steel pillars
1 The minimum area A, in cm?, of the section

of a pillar, is to be not less than:
e forO<A<15
A~ Q(1+0,75-2%)

12
e fori>1,5
A=QLM
10
where:
A . slenderness of the pillar, i.e. the ratio between

the pillar length, in m, and the minimum radius
of gyration of the pillar cross-section, in cm,

Q : load acting on the pillar, in kN, equal to:
Q=Aw-p+Qc

Ass . area of the deck acting on the pillar, in m?,

p . deck load as defined in C3.5.8,

Qc : load from pillars above, if any, or any other con-

centrated load acting on the pillar, in kN.

2 The formula for the calculation of A applies
in the case of solid, tubular or prismatic pillars of normal
steel. Where higher tensile steel is used, the minimum area
may be determined as follows:

A =A . (235/R,y) provided A < 1

where:
Ren . yield stress, in N/mmz2, of the steel considered.
3 Where possible, each pillar is to be aligned

with another pillar above or below. Stiffeners ensuring effi-
cient load distribution are to be fitted at the ends of pillars.
Where, in exceptional circumstances, pillars support eccen-
tric loads, the scantlings are to be adequately increased to
withstand the bending moment due to the eccentricity of
the load.

4 Where pillars on the inner bottom are not in
way of intersections of floors and girders, partial floors or
other structures are to be provided to support the load
transmitted.

5 In general, solid or open-section pillars are to
be fitted in tanks; this is compulsory for pillars located in
spaces intended for products which may produce explosive
gases.
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.6 Heads and heels of pillars are to be continu-
ously welded. The welded connections of stiffeners directly
involved in the arrangement of pillars are to be adequately
stiffened where necessary.

s The thickness of tubular or closed-section
pillars is generally to be not less than 1/35 of the nominal
diameter or greater dimension of the section. In no case is
this thickness to be less than 3mm.

.8 The thickness of face plates of built-up pillars
is to be not less than 1/18 of the unsupported span of the
face plate.

C3.7.10.2 Pillars made of aluminium alloys

A Loads on pillars

Where pillars are aligned, the compressive load Q, in kN, is
equal to the sum of loads supported by the pillar considered
and those supported by the pillars located above, multiplied
by a weighting factor.

The weighting factor depends on the relative position of
each pillar with respect to that considered.

This coefficient is equal to:
< 1,0 for the pillar considered,

= 0,9 for the pillar immediately above (first pillar of the
line),

e 0,81 = 0,92 for the following pillar (second pillar of the
line),

= 0,729 = 0,98 for the third pillar of the line,

= in general, 0,9" for the n™ pillar of the line, but not less
than 0,97 = 0,478.

Structures
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2 Critical stress for overall buckling of pillars

For global buckling behaviour of pillars made of aluminium
alloy, the critical stress, c., in N/mm?, is given by the
formula:

R/
c. = £0.2 .C

0,85+0,25-(f'7/)

where:
Rpo2” : minimum as-welded guaranteed yield stress of

aluminium alloy used, in N/mm?2,
C . coefficient as given in Figure C3.7.5, and equal

to:

= for alloys without heat treatment:

1
1+A+./(1+X1)2=(0,68- 1)
= for alloys with heat treatment:
1
1+A+ M1 +A)2—(3,2-A)
A= REO,Z,
Oe
o, - 89, 12
(59
r

14 . length of pillar, in m,
r :  minimum radius of gyration, in cm, of the pillar

cross section, equal to:

&

A

| : minimum moment of inertia, in cm*, of the pil-

lar cross section,
A . area, in cm?, of the pillar cross section,
f . coefficient given in Table C3.7.7 depending on

the conditions of fixing of the pillar.

Table C3.7.7 - Coefficient f

Yo by mw mm
\? / % / |
/ / / / |
/ / / / /
" . / I / / /
Conditions of fixity | | / / /
| l / / /
[ | / ] /
! \ | /
\ \
- - e | e | B
f 0,7 1,0 2,0 10 2,0
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Figure C3.7.5 Coefficient C
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3 Critical stress for local buckling of pillars (b) For tubular pillars with a rectangular cross-section, the

stress o, in N/mm?, is given by:

(@) For local buckling behaviour of a pillars made of alu-

t 2
o Vic _ : ou = 252000.(5)
minium alloy, the admissible stress o, in N/mmg2, is E

given by the formula: where:
Oa = 2Ry~ C b greatest dimension of the cross-section, in
where: mm,
C . coefficient as defined in C3.7.10.2.2, t :plating thickness, in mm.

(c) For tubular pillars with a circular cross-section, the
A= Rpo.2’ stress o, in N/mm?, is given by:

G 2
s = 43000-%}
Roo2” : minimum as-welded guaranteed yield stress
of aluminium alloy used, in N/mm?2, D . outer diameter, in mm,

O . stress defined below. t . plating thickness, in mm.
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(d) For pillars with I cross-sections, the stress o, in N/mm?2,
is the lesser of the following values:

t 2
Ge = 252000 - (HW)

t)2
og = 105000 - (—)

b
where:
t, : web thickness, in mm,
h,, :web height, in mm,
t . thickness of face plate, in mm,
h; :width of face plate, in mm.
4 Scantlings of pillars

(@) The scantlings of pillars are to comply with the follow-
ing requirements:

0 <0,

G <0y

where:

[¢] : compressive stress, in N/mm?, in the pillar
due to load Q,
o =10 Q/A,
A being the cross-sectional area, in cm?, of
the pillars,

G, : overall buckling critical stress, as defined in
C3.7.10.2.2 above,

Oy . local buckling critical stress, as defined in

C3.7.10.2.3 above.

(b) The maximum allowable axial load, in kN, is the
smaller of the following two values:

P.=0.-A-10"!
P, =0y A-10-!
C3.7.11 Tank bulkheads
C3.7.11.1 General
A1 Hollow profiles are not permitted as tank

walls or in tanks for flammable liquids.

C3.7.11.2 Plating

A The required thickness, in mm, is given by
the following formula:

t=224-f, p-s- [P
u Gam

where:

84

Structures

| -Part 3

fn . coefficient depending on the material:
e f,=0,80 for steel structures
= f,=0,75 for aluminium alloy structures,
o . design pressure, in kN/m?, as defined in C3.5.9,

Gam : = steel structures:
Gam = 185/K (N/mm?)

= aluminium alloy structures:
Gam = 85/K (N/mm?).

C3.7.11.3 Ordinary stiffeners

1 The section modulus, shear area and weld-
ing section required for ordinary stiffeners are given by the
formulae in C3.7.8.1, assuming:

p . design pressure p, as defined in C3.5.9,

m . coefficient depending on the type of stiffener
and support conditions at the ends of the stiff-
ener span, to be taken according to Table
C3.7.4,

Gam» Tam . = Steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?),
= aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?).

C3.7.11.4 Primary supporting members

A The section modulus, shear area and weld-
ing section required for horizontal and vertical girders are
given by the formulae in C3.7.9.1, assuming:

p . design pressure p, as defined in C3.5.9,

m . coefficient depending on support conditions at
the ends of the girder span, generally to be
taken equal to 10. A value of 12 could be
accepted if supported by direct calculation,

e steel structures:
Gam = 150/K (N/mm?)
Tam = 90/K (N/mm?),

Gam! Tam

= aluminium alloy structures:
Gam = 70/K (N/mm?)
Tam = 45/K (N/mm?2).

C3.7.11.5 Corrugated bulkheads

1 The thickness and section modulus of corru-
gated bulkheads, calculated as stated in C3.7.11.2 to
C3.7.11.4 are to be increased by 10% and 20%,
respectively.
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2 The section modulus W,, in cm?, of a corru-
gation may be derived from the following formula:

W,=dt(3b+c)/6000
where the symbols are as shown in Figure C3.7.6 and are

expressed in mm. In no case is the angle ¢ to be less than
40°.

Figure C3.7.6

C3.7.12 Subdivision bulkheads
C3.7.12.1 Plating

A The required thickness, in mm, is given by
the following formula:

t=22,4f,-pn-s- [P
u Gam

where:
fn . coefficient depending on the material:
-« f,=0,75 for steel structures
e f,=0,70 for aluminium alloy structures,
Pss . design pressure, in kN/m?, as defined in
C3.5.10,
Cam . = steel structures:
Gam = 235/K (N/mm?)
= aluminium alloy structures:
Gam = 95/K (N/mm3).
2 The thickness of the collision bulkhead is to

be calculated from the formula given in C3.7.12.1.1, multi-
plied by 1,15.

C3.7.12.2 Ordinary stiffeners

1 The section modulus, shear area and welding
section required for ordinary stiffeners are given by the for-
mulae in C3.7.8.1, assuming:

p :design pressure pg, as defined in C3.5.10,
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m . coefficient depending on the type of stiffener
and support conditions at the ends of the stiff-
ener span, to be taken according to Table
C3.7.4,

Gam» Tam . =  Steel structures:

Gam = 210/K (N/mm?)
Tam = 120/K (N/mm?),

= aluminium alloy structures:
Gam = 95/K (N/mm?)
Tam = 55/K (N/mm?).

2 The section modulus, shear area and welding
section required for the ordinary stiffeners of the collision
bulkhead are to be calculated from C3.7.12.2.1, consider-
ing ., and t,,, divided respectively by 1,15 and 1,05.

C3.7.12.3 Primary supporting members

1 The section modulus, shear area and welding
section required for horizontal and vertical girders are given
by the formulae in C3.7.9.1, assuming:

p . design pressure pg, as defined in C3.5.10,

m . coefficient depending on support conditions at
the ends of the girder span, generally to be
taken equal to 10,

steel structures:

Gam = 210/K (N/mm?)

Tam = 120/K (N/mm?),

Gamv Tam

< aluminium alloy structures:
Gam = 95/K (N/mm?)
Tam = 55/K (N/mm?).

2 The section modulus, shear area and welding
section required for the primary supporting members of the
collision bulkhead are to be calculated from C3.7.12.3.1,
considering o, and t,,, divided respectively by 1,3 and 1,2.

C3.7.12.4 Corrugated bulkheads

1 The thickness and section modulus of corru-
gated bulkheads, calculated as stated in C3.7.12.1 to
C3.7.12.3, are to be increased by 10% and 20%,
respectively.

2 The section modulus of a corrugation is to be
calculated as indicated in C3.7.11.5.

C3.7.13 Non-tight bulkheads

A The thickness of plating of non-tight bulk-
heads which do not act as pillars is to be not less than 2 mm
for steel bulkheads, and 3 mm for aluminium alloy bulk-
heads, and vertical stiffeners are to be not more than 900
mm apart.
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2 Vertical stiffeners of bulkheads which do not
act as pillars are to have a section modulus (calculated in
association with a width of plating equal to the stiffener
spacing but not exceeding 750 mm) not less than the value,
in cm3, given by the formula:

Z2=2s58%?

3 The thickness of plating of non-tight bulk-
heads which act as pillars is to be not less than 2 mm for
steel bulkheads, and 3 mm for aluminium alloy bulkheads,
and vertical stiffeners are to be not more than 750 mm
apart.

4 Vertical stiffeners of bulkheads which act as
pillars are to have a section modulus (calculated in associa-
tion with a width of plating equal to the stiffener spacing
but not exceeding 750 mm) not less than the value, in cms3,
given by the formula:

Z=2,65s8?

.5 In addition, each vertical stiffener, in associa-
tion with a width of plating equal to 50 times the plating
thickness, is to comply with the requirements for pillars
given in C3.7.10, the load supported being determined in
accordance with the same provisions.

.6 In the case of tanks extending from side to
side, a wash bulkhead is generally to be fitted amidships;
the plating thickness is to be not less than 2 mm for steel
bulkheads, and 3 mm for aluminium alloy bulkheads, and it
is to be strengthened by vertical stiffeners.

C3.7.14 Independent prismatic tanks

A The required thickness for the plating of
independent prismatic tanks, in mm, is given by the
formula:

t=1,25-f,-s-pu-(p-K)°>>

where:
f . coefficient depending on the material:
= f,=1,0 for steel bulkheads
= f,=1,45 for aluminium alloy bulkheads,
[N . design pressure, in kN/m?, as defined in C3.5.9.
2 In no case is the thickness to be less than 2,5

mm for steel bulkheads, and 3,5 mm for aluminium alloy
bulkheads.

.3 The section modulus required for stiffeners,
in cm3, is given by the formula:

Z=04-f,-5-02-p-K

where:

o . coefficient depending on the material:
= f,=1,0 for steel bulkheads

e f,=2,15 for aluminium alloy bulkheads.
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4 The connections to reinforced hull structures
of independent tanks are to be able to withstand the
dynamic loads induced by the tank weight and the acceler-
ation a, of the craft (see C3.3).

5 It is recommended that stiffener plates
should be arranged so as to prevent undue movement of the
liquid.

C3.7.15 Side and stern doors

C3.7.15.1 Plating

1 The required thickness, in mm, is given by
the following formula:

_ /b,
t=224p-s |2
H Gam

where:
Ps : design pressure, in kN/m2, as defined in
C3.5.5.2.1,
Gam . e steel structures:
am = 185/K (N/mm?)
= aluminium alloy structures:
am = 85/K (N/mm?).
C3.7.15.2 Ordinary stiffeners
1 The section modulus, shear area and welding

section required for ordinary stiffeners are given by the for-
mulae in C3.7.8.1, assuming:

p . design pressure p, as defined in C3.5.5.2.1,

m . coefficient depending on the type of stiffener
and support conditions at the ends of the stiff-
ener span, to be taken according to Table
C3.7.4,

« steel structures:
Gam = 150/K (N/mm?)
am = 90/K (N/mm?),

Gamv Tam

= aluminium alloy structures:
am = 70/K (N/mm?)
am = 45/K (N/mm?).

C3.7.15.3 Primary members, securing and

supporting devices

1 The scantlings of the primary members,
securing and supporting devices of side shell doors and
stern doors are to be determined to withstand the design
loads defined respectively in C3.5.5.2.2 and C3.5.5.2.3,
using the following permissible stresses, where k is the
material factor defined in C3.2.2.3 for steel (not to be taken
less than 0,72) or in C3.2.3.5 for aluminium alloys:
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GCam : bending stress

= steel structures:
Gam = 120/K (N/mm?2)

e aluminium alloy structures:
Gam = 55/K (N/mm?),
Tam . shear stress
= steel structures:
Tam = 80/K (N/mm?)

e aluminium alloy structures:
am = 35/K (N/mm?2),

. /2 2
Gcam - Ocam = 4O +3-1

e steel structures:
am = 150/K (N/mm?)

e aluminium alloy structures:
Gam = 70/K (N/mm?).

C3.8 Fibre-reinforced plastic craft
C3.8.1 Introduction
A This article stipulates requirements for the

scantlings of hull structures (plating, stiffeners, primary sup-
porting members). The loads acting on such structures are
to be calculated in accordance with the provisions of C3.5.

2 In general, for craft with length L > 65 m or

speed V > 45 knots, the scantlings of transverse structures
are to be verified by direct calculations carried out in
accordance with C3.6.
For all other craft, the Society may, at its discretion and as
an alternative to the requirements of this article, accept
scantlings for transverse structures of the hull based on
direct calculations, in accordance with C3.6.

C3.8.2 Definitions

A In addition to the definitions in C3.1, the fol-
lowing is to be considered:

= “Superstructure”: In this article, it is a decked structure
located above the uppermost continuous deck, extend-
ing from side to side of the craft, or with the side plating
not inboard of the shell plating by more than 4 per cent
of the local breadth.

C3.8.3 Longitudinal strength
C3.8.3.1 General
A This article gives the criteria to be used for

the longitudinal strength calculation of monohull ships
more than 24 m in length.
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For multihulls, the strengths due to longitudinal bending,
transverse bending and torsion are to be examined individ-
ually by the Society.

2 The longitudinal strength of monohull craft
more than 65 m in length is to be checked.

3 The longitudinal strength of monohull craft
more than 24 m and less than 65 m in length is to be
checked when the following conditions are not simultane-
ously satisfied:

e L/D<ry,

= no longitudinal members located at more than 0,04 D
above the strength deck at side,

= in any transverse section of strength deck, the sum of the
breadths of openings is less than:

b_T'B

Values of r, factor are given in Table C3.8.1 depending on
the type of service of the craft.

Table C3.8.1 - Factor r,

Type of service r
Oper_l sea 165
Restricted open sea
Moderate environment 18,0
Smooth sea 22,0
A4 In general, the strength deck is the upper-

most continuous complete deck or the uppermost
superstructure deck contributing to the longitudinal
strength, if any.

= The deck number n of a superstructure or a roof with lat-
eral sides in line with the shell plating, at least 5 n H in
length and located in the midship region, can be taken
as the strength deck in way of the considered transverse
sections, where:

H : mean height, in m, of the 'tween deck.

< If such a deck is not considered as the strength deck,
arrangements are to be made so that this deck does not
participate in the longitudinal strength of the ship.

= Ships with shell openings such that the length of open-
ings is greater than half the length of the shell are to be
individually examined by the Society.

5 The section moduli at bottom, at the strength
deck and at the top of longitudinal members located above
the strength deck, if any, calculated according to C3.8.3.2,
are not to be less than the value defined in C3.8.3.3.

C3.8.3.2 Calculation of strength modulus

1 The data given in Table C3.8.2 for plating
and C3.8.3 for longitudinals are necessary for calculation of
the midship section modulus.

87



Chapter 1 Section 3 Structures |-Part3
Table C3.8.2 Figure C3.8.1
Deck | Side shell | Bottom < B/2 >
Mean thickness, in mm t, tn t
Young modulus, in N/mm? E, En E; 4
Table C3.8.3 |
Side " | NS
Deck shell Bottom .
(1 side) |
Thickness (mm) ths ts t ' B/4 M —
Young modulus Eps Ens Eg ! ¢ - ’
Flange (N/mm?) v |
Breadth (mm) los ls [ : D
Thickness equivalent |
to | section (mm) fpa fma ta A/[
Web Young modulus Epa Enma Ei :
(N/mm2)
Height (m) Hpa Hma H:.
Number of n, N n Table C3.8.4 - Factor r,
longitudinals
2 Where there is a sandwich member, the two Type of service N
skins of the laminate are to be taken into account only with Open sea 10
their own characteristics. The cores are taken into account if Restricted open sea '
the;_/ offer_longltu_dlnal contlnu_lty and appreciable strength Moderate environment 0.96
against axial tension-compression.
Smooth sea 0,92
3 For each transverse section within the mid-
ship region, the section modulus, in m3, is given by: . -
preg g y C3.8.34 Bending longitudinal stress
w=2(cprZa(1+—L=P)) 10¢
E, 6 F+0,5-A
1 The bending stress, in N/mm?, due to the lon-

where:
P=t,-B-Ep+ny- (ths- lps- Eps+tpa- Hpa - Epa)
A:2'(tm'Im'Em+nm'(tms'Ims'Ems+tma ma ’ ma))

F:tf'g‘Ef+nf'(tfs'Ifs'Efs+tfa'Hfa'Efa)

See also Figure C3.8.1.

C3.8.3.3 Rule section modulus

A The midship section modulus at the strength
deck, at the bottom and above the strength deck, if any, is
not to be less, in m3, than:

W, =11-0-r,-F-L2-B-(Cg+0,7)-10%
where:

r : value given in Table C3.8.4,

L
a = ‘—5 but not less than 1

F =(118-0, 36 - L)m

r, : value given in Table C3.8.1.
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gitudinal bending moment is given by the formula:
My 15
(% W 10

where My, is the total bending moment, defined in C3.4.1,
and W is the actual value of the midship section modulus,
in m3, either at bottom or at the deck.

C3.84 Structural scantling - general

C3.84.1 Main principles

1 Scantlings are given for the midship region
and end regions. In intermediate regions, scantlings are to
vary gradually from the midship region to the end regions.

2 Plating and stiffener scantlings are deter-
mined by the fact that the sum of stress due to local design
load and longitudinal bending of the hull (if applicable) is
to be less than the corresponding allowable stress of the
material, i.e. the breaking strength divided by a safety fac-
tor, defined below.
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3 Scantlings may be increased where the struc-
ture is likely to be subjected to particular forces, for
instance due to:

= very high speed,

= nature or uneven distribution of its loading, such as con-
centrated loads,

= particular conditions of operation, construction or
design.

4 When design assumptions not covered by

the present Rules or unusual structural arrangements are
provided, the proposed scantlings are to be backed by
direct calculations carried out with an agreed method, and
submitted to the Society for examination.
If so, the shipyard is to provide, to the satisfaction of the
Society, all information needed to verify the calculation.
The owner’s agreement may be required where the Society
deems it appropriate.

5 In addition to the cases explicitly foreseen by
these Rules, subject to justifications submitted for examina-
tion, the Society may consider scantlings and structural
arrangement, other than those derived from the application
of these Rules, in order to take special account of:

= calculation method or a method for the determination
of stresses offering a high level of accuracy; calculation
data and all information necessary for their assessment
are to be submitted to the Society,

= development of the applied techniques, the builder’s
practical experience and the means he brings into use to
ensure an appropriate level of quality and building
consistency,

= satisfactory behaviour in service of the type of hull
structure concerned,

= particular loading cases.

.6 Bottom - side shell boundary for
catamarans

For the structure of a catamaran, the inner walls of which
are nearly vertical, the limit between bottom and side shell
inside the two hulls is to be taken at the level of chine for
external walls, as defined in C3.1.4.

Cc3.8.4.2 Safety factors

A The safety factor SF is equal to the ratio
between the breaking strength (bending or shear) and the
allowable stress for a material.

2 The safety factor to be considered for allowa-

ble bending stresses of platings and stiffeners is given in
Table C3.8.5.
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Table C3.8.5 - Safety factor SF

SF
General 6,0
Members subject to impact load 4,5
Watertight transverse bulkheads 5,0
Sides and ends of superstructures and
4,0
deckhouses
Members subjected to the testing 40
pressure p, ’
3 The safety factor to be considered for allowa-

ble shear stress of core material of sandwiches and of web
primary stiffener is given in Table C3.8.6.

Table C3.8.6 - Safety factor SF

SF
Core of General 3,0
sandwich
Sandwiches subjected to impact load 2,5
General 5,0
Stiffeners subject to impact load 3,5
Web of Stiffeners on watertight transverse bulk- 4.0
- head
primary
members | Stiffeners of sides and ends of superstruc-
3,0
tures and deckhouses
Stiffeners calculated with the testing 30
pressure p, '
A4 For ships of unusual construction and/or with

special service conditions, another value of the safety factor
can be defined in accordance with the yard, which is to jus-
tify the new safety factor.

C3.8.4.3 Single skin laminates

1 The bending stress, in N/mm?, of the lami-
nate is to be multiplied by the following reduction factor kg:
ks = lJ-l o r02
where:

n, =1 if £>2s

u=1-1,5. (175— if s<l<2s

i, =0, 625 if r<s

o and r, are defined respectively in C3.8.4.3.2 and
C3.8.4.3.3.
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2 In case of shell plating with stiffeners with a where:
wide base, the coefficient o is given by the formula:
\% : maximum distance of the neutral axis of the

a:1—3-§-(1—§)
S

where o is not to be less than 0,4 and a and s are defined in
Figure C3.8.2.

Figure C3.8.2

3 The curvature factor r, is given by the
formula:

rc=1—(0,8-9

without being less than 0,85, where f and s are defined in
Figure C3.8.3.

In the case of unstiffened shell plating with a large curva-
ture, a relevant study of the stress is to be submitted to the
Society for examination.

4 The minimum thicknesses of the single skin
laminate platings are not to be, as a rule, less than the fol-
lowing values:

= for bottom and bilge platings:

t=1,5-J/L+10
= for shell plating:

t=1,25-JL+10
= for other platings:

t=.JL+10

Lower values can be considered if a justification is submit-
ted to the Society.

laminate, in mm, as defined in C3.2.6.3.3,

[ . inertia of the laminate, by mm of width, in
mm4/mm, as defined in C3.2.6.3.3.

.6 The bending stress due to the design pressure
p is given by the following formula:

G
6y< 2 -0y,

SF

where:

Cbr . breaking bending strength of the laminate, as

defined in C3.2.6.3.3,

Oy . bending stress due to the total bending moment,
as defined in C3.8.3.4. oy, is to be equal to zero
for all platings of ships of less than 24 m in
length and for longitudinal framed platings and
all platings at ends of other ships,

SF . safety factor, as defined in C3.8.4.2.

7 The bending stress o, in N/mm?, calculated

for the test pressure p, is to be such that:

Oy
Oge < ¢
de SF

.8 The bending deflection, due to design pres-
sure p (see C3.5), of a single-skin laminate between
stiffeners is to be less than about 1% of the stiffener spacing.
The bending deflection, in mm, of a single-skin laminate,
fixed on its edges, is given by:
fo e RSt g

© 384 (E)

where:

[EN] . rigidity of the laminate, for 1 mm width, in
N-mm2/mm, defined in C3.2.6.3.3

n=1 if £>2s

5 The bending stress, in N/mm?, due to the R

design pressure p (defined in C3.5) is given by the formula: Mp=1-2,1- (1 5 if s</<2s
— k. Y P8 g0 _ i

Oy T 12 10 u, = 0,475 if (<s
Figure C3.8.3
f f
\ / v
A
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C3.8.4.4 Sandwich laminates
A Refer to C3.8.4.3.1 to C3.8.4.3.3.
2 The minimum thicknesses of each skin of

sandwich laminate platings are in general not to be less
than the following values:

= for bottom and bilge platings:

t=0,6-J/L+10
= for shell plating:

t=0,5 .JL+10
= for other platings:

t=0,4-/L+10

Lower values can be considered if a justification is submit-
ted to the Society.

.3 The bending stress, in N/mm?, due to the
design pressure p (defined in C3.5) is equal to:

\% : maximum distance of the neutral axis of the
sandwich, in mm, as defined in C3.2.6.3.3,

] . inertia of the sandwich, by mm of width, in
mm?*/mm, as defined in C3.2.6.3.3.

4 The bending stress due to the design pressure

p is to be such that:
[¢)
0y< S—‘I’:r — Oy

where:

Oy . breaking bending strength of the sandwich, as
defined in C3.2.6.3.4,

Gyl : bending stress due to the total bending moment,
as defined in C3.8.3.4. oy, is to be equal to zero
for all platings of ships of less than 24 m in
length and for longitudinal framed platings and
all platings at ends of other ships,

SF : safety factor, as defined in C3.8.4.2.

5 The bending stress o4, in N/mm?, calculated
for the test pressure p, is to be such that:

Opr

Gde<§

.6 The shear stress, in N/mm?2, due to the design
pressure p is to be:

_p-s
‘c = L
42,

where t, is the thickness of the core, in mm.

7 The shear stress due to the design pressure is
to be such that:
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Tir : shear breaking strength of the core material, in
N/mm2,
SF . safety factor, as defined in C3.8.4.2.
.8 The sum of the bending and shear deflec-

tions, due to the design pressure p (see C3.5), of a sandwich
laminate between stiffeners is to be less than about 1% of
the stiffener spacing. The total deflection, in mm, of a sand-
wich laminate, fixed on its edges, is given by the formula:

- M p-st 109+“_3.p_'§f.103

© 384 [El] 8 t,-G
where:
[E] . rigidity of the sandwich laminate, for 1 mm
width, in N-mm%mm, as defined in
C3.2.6.3.3,
t, . core thickness, in mm,
G : shear modulus of the core material, in N/mm?,
Wy . coefficient defined in C3.8.4.3.8,
ps=1 if 1>2s

2
p3:1—1,8.(1—2LQ if s</<2s

1t; = 0, 550 if (<s
C3.8.45 Stiffeners
1 The Rule values of stiffener stresses take

account of the width |, of the attached plating, defined
below:

= for primary stiffeners, |, is the smaller of the two values:
- | stiffener: sor 0,2 ¢

- Qsstiffener: s or (0,2 ¢ + a),
where a is defined in C3.8.4.3.2,

= for ordinary stiffeners, I, is equal to the spacing s
between stiffeners.

2 To take account of the actual conditions of
fixation of a stiffener, the following coefficient € is consid-
ered in the scantling formulae:

« f the stiffener is fixed at its ends: € = 1,0
« in the other cases: € = 1,5.

3 Cut-outs for the passage of ordinary stiffeners
are to be as small as possible. As a rule, the depth of cut-
outs is not to be greater than half the web height of the pri-
mary stiffener.

4 The bending stress, in N/mm?, due to the
design pressure p (defined in C3.5) is given by the formula:
_ .. b-s- 2 . v . 106
Oy = € R T 10
where
\% . distance from the stiffener neutral axis to the
flange, in mm, as defined in C3.2.6.3.5,
] . inertia of the stiffener, in mm?*, as defined in
C3.2.6.3.5.
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5 The bending stress due to the design pressure
is to be such that:

Gd<§‘|:'*(5hl

where:

Opr . breaking bending strength of the stiffener, as
defined in C3.2.6.3.5,

Gp : bending stress due to the total bending moment,
as defined in C3.8.3.4. oy, is to be equal to zero
for all stiffeners of ships of less than 24 m in
length and for stiffeners not contributing to the
longitudinal strength and all stiffeners at ends,
for other ships,

SF . safety factor, as defined in C3.8.4.2.

.6 The shear stress, in N/mm?, due to the design
pressure p (defined in C3.5) is given by the formula:

R4
Tr‘:pz‘s

where S, is the total web cross-sectional area, in mm?.

10°

7 For primary stiffeners, the shear stress due to
the design pressure is to be:
Tor
T<5F
where:
Tor : shear breaking strength, in N/mm?, of the lami-

nate being the web of the primary stiffener. If a
precise value of 1, obtained from tests or other
agreed method is not available, 1, is to be
taken equal to 60 N/mm?,

SF . safety factor, as defined in C3.8.4.2.

.8 The bending stress 64, in N/mm?, calculated
for the testing pressure p, is to be such that:
010 < 22

9 For primary stiffeners, the shear stress tg, in

N/mm?, calculated for the testing pressure p, is to be:

e
C3.85 Bottom structure
C3.85.1 Application

A The requirements of C3.8.5 apply to single or

double-bottom structures with longitudinal or transverse
framing.

2 The requirements of C3.5.8 are to be used
for the scantlings of the main structural members located
between the keel and the chine, as defined in C3.1.4. Refer
also to C3.8.4.1.6 for catamarans.
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3 The requirements of C3.5.8 apply also to
structural members of the cross-deck of catamarans.

C3.8.5.2 General arrangements

A In general, a continuous centreline girder is
to be provided over the full length of the ship.

2 In the engine room, additional girders are to
be fitted in order to provide a sufficient structural strength.
Unless otherwise specified, the shipyard is to submit the
supporting structure to the engine builder for agreement on
rigidity and arrangements.

3 Floors are to be continuous between the cen-
treline keelson and the bilge.

4 A floor or a girder is to be provided under
each line of pillars.

5 Main engines and thrust blocks are to be
secured to the hull structure by seatings with adequate
strength to withstand forces transmitted by the propulsive
installation.

.6 When solid ballast is fitted, it is to be
securely positioned. If necessary, intermediate floors may
be fitted for the purpose.

7 For each member of web of floor or keelson,
the height thickness ratio is not to exceed 25.

.8 Provision is to be made for the free passage
of water from all parts of the bottom to the suctions, taking
into account the pumping rate required.

C3.8.5.3 Plating scantlings

A Plating scantlings are to be calculated in
accordance with C3.8.4.3 and C3.8.4.4.

2 The width of the keel plate, in m, is not to be
less than (0,6 + 0,01 L).

C3.8.5.4 Stiffener scantlings

1 Stiffener scantlings are to be calculated in
accordance with C3.8.4.5.

2 For the scantlings of a bottom girder, its span
{ is to be measured:

« between transverse bulkheads, if the keelson can be
considered as a support, i.e. if its height is at least 1,5
times the height of the floors in the centreline, and its
moment at least twice the moment of the floors in the
centreline,

= between floors, if the keelson is intercostal, its height
not exceeding the floor height.
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3 For the scantlings of a floor, its span / is to be
measured:

= between side shell platings, if the bottom is flat and sup-
porting bottom girders or longitudinal bulkheads do not
exist,

= between side shell plating and keel, if an important keel
exists and supporting bottom girders or longitudinals
bulkheads do not exist,

= between side shell plating and keelson, side shell plat-
ing and bulkhead, or bulkhead and bulkhead, if
longitudinal bulkheads or keelson exist, the scantlings
and the span of which are such that they can be consid-
ered as a support.

A4 For ships with a rising of floors, the floor
span is to be measured from the ship centreline, when the
angle of the rising of floor is greater than:

e 20°in case of built-in floor at side,

= 10°in case of supported floor at side.
This being so, the floor bending stress is to be calculated in
accordance with C3.8.4.5, with e = 1,1.

5 When the primary structure is made of a
frame of crossed stiffeners with equivalent scantlings, a cal-
culation of the totality of the stiffeners, taking relative
stiffnesses into account, is to be submitted.

C3.8.5.5 Single-bottom structure

A Side girders are to be fitted. In general, their
spacing is not to exceed 2,5 m.

2 Centre and side girders are to be extended as
far aft and forward as practicable.

3 Where side girders are fitted in lieu of the
centre girder, overlap is to be adequately extended, and
additional stiffening of the centre bottom may be required.

4 Flanges of bottom girders and floors are to be
connected.
5 For ships more than 40 m in length with

transverse framed bottom, longitudinal stiffeners connected
to floors are to be fitted between bottom girders, within the
midship region. The mean spacing of longitudinal members
is not to exceed 1,4 m.

C3.8.5.6 Double-bottom structure

1 In general, the height of the double bottom is
not to be less than:
0,1-.JL

2 Side girders are to be fitted. In general, their

spacing is not to exceed 4,2 m.

3 See also C3.8.5.5 above.
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C3.8.6 Side shell structure
C3.8.6.1 Application
1 The requirements of this sub-article apply to

transversely or longitudinally framed side shell structure.

2 The requirements of this sub-article are to be
used for the scantlings of the main structural members
located between the chine, as defined in C3.1.4, and the
highest continuous deck.

.3 The requirements of this sub-article apply to
structural members of inner walls of catamarans (see
C3.8.4.1.6).

C3.8.6.2 General arrangements

1 In case of longitudinal framing, the web
frames are to be located in way of floors.

2 In case of transverse framing, the section
modulus of the web frames located in the engine room is
not to be less than 4 times that of adjacent frames, and the
cross-sectional area of these web frames is not to be less
than twice that of adjacent frames.

3 In case of transverse framing, frames are to
be fitted at each frame. The scantlings of main and ’tween
deck frames are not to be less than those of frames located
immediately above.

4 In general, stringers are required if the span
of main and "tween deck frames is greater than 4 m.

5 Web frames are to be fitted in way of beams
at hatch ends.

.6 The flanges of stringers and web frames are
to be connected if necessary.

C3.8.6.3 Plating scantlings

1 Plating scantlings are to be calculated in
accordance with C3.8.4.3 and C3.8.4.4.

2 The width of the sheerstrake, in m, is not to
be less than:
L
b = 0 715+0 425 . m
3 Unless otherwise specified, the thickness of

the sheerstrake is not to be less than that of the adjacent
side shell plating.

A4 The thickness of the sheerstrake is to be
increased by 40% in way of breaks in long superstructures
occurring within the midship 0,5 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.
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5 The thickness of the sheerstrake is to be
increased by 30% in way of breaks in long superstructures
occurring outside the midship 0,5 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.

.6 The thickness of the sheerstrake is to be
increased by 15% in way of breaks in short superstructures
occurring within the midship 0,6 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.

C3.8.6.4 Stiffener scantlings

A Stiffeners scantlings are to be calculated in
accordance with C3.8.4.5.

2 For the scantlings of a stringer, its span / is to
be measured:

= between transverse bulkheads if the stringer can be con-
sidered as a support or if there is no vertical web,

= between vertical webs if the stringer is intercostal and
cannot be considered as a support between transverse
bulkheads.

3 For the scantlings of a vertical web frame, its
span / is to be measured:

« between decks or between deck and bottom, if there are
no stringers or if stringers are intercostal,

= between deck and stringer, bottom and stringer or
between stringers if stringers can be considered as a
support between transverse bulkheads.

4 When the primary structure is made of a
frame of crossed stiffeners with equivalent scantlings, a cal-
culation of the totality of stiffeners, taking relative stiffnesses
into account, is to be submitted.

C3.8.7 Deck structure
c3.8.7.1 Application
A The requirements of this sub-article apply to

transversely or longitudinally framed deck structure.

2 The requirements of this sub-article are to be
used for the scantlings of the main structural members of
the strength deck, lower and platform decks, accommoda-
tion decks and the decks of superstructures and deckhouses.
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C3.8.7.2 General arrangements

1 In case of longitudinal framing, the beams
are to be located in way of the vertical web frames of side
shell.

2 In case of transverse framing, the beams are
to be, in general, fitted at every frame, in line with side shell
stiffeners.

3 In case of vertical break for the strength deck,
the continuity of strength is to be ensured by a tapered
structure of the two decks within a length equal to 2 to 5
frame spacing.

4 The transverse strength of ships with large
deck openings is to be individually considered.

5 In the area of openings, the continuity of
strength of longitudinal hatch coamings is to be ensured by
underdeck girders.

.6 Hatch girders and reinforced beams are to be
fitted in way of hatch openings.

7 The flanges of girders and reinforced beams
are to be connected, if necessary.

.8 In case of concentrated loads on decks (e.g.
pillars, winches, davits), direct calculations are to be carried
out taking account of simultaneous design pressure and
concentrated loads.

C3.8.7.3 Plating scantlings

A Plating scantlings are to be calculated in
accordance with C3.8.4.3 and C3.8.4.4.

2 The width of the stringer plate, in m, is not to
be less than:
b = 0,005 (L + 70)

3 Unless otherwise specified, the thickness of
the stringer plate is not to be less than that of the adjacent
plating.

4 The thickness of the stringer plate is to be
increased by 40% in way of breaks of long superstructures
occurring within the midship 0,5 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.

5 The thickness of the stringer plate is to be
increased by 30% in way of breaks of long superstructures
occurring outside the midship 0,5 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.

.6 The thickness of the stringer plate is to be
increased by 15% in way of breaks of short superstructures
occurring within the midship 0,6 L, over a length of about
one sixth of the ship breadth on each side of the superstruc-
ture end.
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C3.8.7.4 Stiffener scantlings
A Stiffener scantlings are to be calculated in

accordance with C3.8.4.5.

2 For the scantlings of a girder, its span | is to
be measured:

= between transverse bulkheads, if the girder can be con-
sidered as a support, i.e. if its height is at least 1,5 times
the height of the floors in the centreline, and its moment
at least twice the moment of the floors in the centreline,

= between deck beams, if the girder is intercostal and
used to prevent tripping instability of deck beams.

3 For the scantlings of a deck beam, its span |
is to be measured:

= between side shell platings, if there are no girders which
can be considered as a support or if there are no longi-
tudinal bulkheads,

= between side shell plating and bulkhead, side shell plat-
ing and girder, between bulkheads or girders if there are
longitudinal bulkheads or girders, the scantlings and
span of which are such that they can be considered as a
support.

4 Hatch beams and hatch girders are to be of
reinforced scantlings, to take the interrupted stiffeners into
account.

5 The scantlings of hatch beams and girders is
not to be less than those obtained in accordance with
C3.8.4.5, changing s to take into account the effective sup-
ported areas.

.6 When the primary structure is made of a
frame of crossed stiffeners with equivalent scantlings, a cal-
culation of the totality of the stiffeners, taking relative
stiffnesses into account, is to be submitted.

C3.8.75 Deck covers

A The scantlings of deck cover platings are to
be determined in accordance with C3.8.4.3 and C3.8.4.4.

2 The scantlings of the deck cover stiffeners are
to be calculated in accordance with C3.8.4.5, the span | of
the stiffener being measured:

= between the two edges of the cover, if the stiffener can
be considered as a support for this dimension,

= between perpendicular stiffeners, if the stiffener is con-
sidered as intercostal.

3 In case of deck cover with a frame of crossed
stiffeners with equivalent scantlings, a calculation of the
totality of the stiffeners, taking into account the relative stiff-
nesses, is to be submitted.

GL 2002

Section 3

Structures Chapter 1
C3.8.8 Bulkhead structure
Cc3.8.8.1 Application
1 The requirements of this sub-article are to be

used for the scantlings of the main structural members of:
= watertight transverse or longitudinal bulkheads,

= transverse or longitudinal tank bulkheads,

= wash transverse or longitudinal bulkheads,

= cofferdam bulkheads,

« shaft tunnel bulkheads.

C3.8.8.2 General arrangements

1 The scantlings of tank bulkheads which are
also Rule bulkheads are not to be less than those required
for a watertight bulkhead.

2 Where bulkheads do not extend up to the
uppermost continuous deck (such as the after peak bulk-
head), suitable strengthening is to be provided in the
extension of the bulkhead.

3 Bulkheads are to be stiffened in way of deck
girders.
A4 Floors are to be fitted in the double bottom,

in way of plane transverse bulkheads.

5 The scantlings of stiffeners on the horizontal
part of stepped bulkheads are to be calculated as for beams.

.6 Where vertical stiffeners are cut in way of
watertight doors, reinforced stiffeners are to be fitted on
each side of the door and suitably overlapped; crossbars are
to be provided to support the cut-off stiffeners.

7 Arrangements are to be provided to avoid the
buckling of large accommodation bulkheads without
stiffeners.

C3.8.8.3

Plating scantlings

A Platings scantlings are to be calculated in
accordance with C3.8.4.3 and C3.8.4.4.

C3.8.8.4

Stiffener scantlings

1 Stiffeners scantlings are to be calculated in
accordance with C3.8.4.5.
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2 For the scantlings of a stringer, its span | is to
be measured:

= between side shell platings, between longitudinal bulk-
heads or between side shell plating and longitudinal
bulkhead, for stringers of transverse bulkheads consid-
ered as a support,

= between transverse bulkheads, for stringers of longitudi-
nal bulkheads considered as a support,

= between vertical webs, for stringers whose scantlings
are such that they cannot be considered as a support.

3 For the scantlings of a vertical web, its span |
is to be measured:

« between decks or between deck and bottom, if the verti-
cal web can be considered as a support,

= between horizontal stiffeners, if scantlings of the vertical
web are such that it cannot be considered as a support.

4 When the primary structure is made of a
frame of crossed stiffeners with equivalent scantlings, a cal-
culation of the totality of the stiffeners, taking relative
stiffnesses into account, is to be submitted.

C3.8.8.5 Watertight doors

A1 The strength of a watertight door is not to be
less than that of the adjacent bulkhead.

2 In the calculation of the scantlings of stiffen-
ers of watertight door, stiffeners are to be considered as
supported at ends.

C3.8.9 Superstructure and deckhouse
structures
C3.8.9.1 Application
A The requirements of this sub-article apply to

the structure of superstructures and deckhouses framed
transversely and longitudinally.

C3.8.9.2 General arrangements

A Reduction in scantlings may be granted for:

= deckhouses not protecting openings in the freeboard
and superstructure decks,
« deckhouses located above the third tier.

These reductions are to be individually examined by the
Society.

2 Ends of superstructures and deckhouses are
to be efficiently supported by bulkheads, pillars or other
equivalent system.

Where hatchways are fitted close to the ends of superstruc-
tures, additional strengthening may be required.
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3 All openings cut in the sides or decks of
superstructures and deckhouses are to be stiffened and have
well rounded corners. Continuous stiffeners are to be fitted
below and above doors or similar openings. Where neces-
sary, compensation for large openings may be required.

4 Side plating at the ends of superstructures is
to be tapered into the bulwark or sheerstrake of the strength
deck. Where a raised deck is fitted, this arrangement is to
extend over a three-frame space.

5 Access openings cut in sides of enclosed
superstructures are to be fitted with watertight doors, per-
manently attached.

The structure and attachment system of these doors are to
be arranged so that the strength remains equivalent to that
of a non-pierced bulkhead.

Securing devices which ensure weathertightness are to
include tight gaskets, clamping dogs or other similar appli-
ances, and to be permanently attached to the bulkheads
and doors. These doors are to be arranged for operation
from both sides.

.6 As a rule, the spacing of stiffeners on sides of
superstructures and deckhouses is to be the same as that of
beams on supporting decks.

7 Partial bulkheads or web are to be arranged
to support the sides and ends of superstructures and deck-
houses. Scantlings of these web frames are to be
individually considered.

.8 Sides of deckhouses are to be strengthened
in way of boats and the top plating is to be reinforced in
way of boat davits.

9 Special attention is to be paid to the transfer
of vertical loads between decks.

C3.8.9.3 Plating scantlings

1 Plating scantlings are to be calculated in
accordance with C3.8.4.3 and C3.8.4.4.

2 When the superstructure deck is the strength
deck, the scantlings of the sides of superstructures are to be
determined as for the side shell plating.

3 The plating thickness of sides of long super-
structures is to be increased by 25% over a length of about
one sixth of the ship breadth on each end of the
superstructure.

C3.8.9.4 Stiffener scantlings

1 Stiffener scantlings are to be calculated in
accordance with C3.8.4.5.

2 Scantlings of side stiffeners of superstructures
and deckhouses need not exceed those of side stiffeners of
the tier immediately below, based on the same span and
spacing.
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3 The Society reserves the right for a special
examination of superstructure frames:

= where the decks at ends of the considered frame are not
stiffened in the same way,

= where the frame span exceeds 4 m,
= for passenger ships.

4 In the case of a superstructure or deckhouse
contributing to the longitudinal strength, the vertical stiffen-

ers between windows on the sides are to be individually
examined.

C3.8.10 Principles of buildings
C3.8.10.1 Definition
A The stiffeners with the lower spacing are

defined in this Section as ordinary stiffeners.

2 Depending on the direction of ordinary stiff-
eners, a structure is made of one of the following systems:
= longitudinal framing,
= transverse framing.

3 Ordinary stiffeners are supported by struc-
tural members, defined as primary stiffeners, such as:
= keelsons or floors,
= stringers or web frames,

= reinforced beams or deck stringers.

C3.8.10.2 General arrangements

A The purpose of this sub-article is to give
some structural details which may be recommended. But
they do not constitute a limitation; different details may be
proposed by the builders and agreed upon by the Society,
provided that builders give justifications, to be defined in
each special case.

2 Arrangements are to be made to ensure the
continuity of longitudinal strength:
= in areas with change of stiffener framing,
= in areas with large change of strength,
= at connections of ordinary and primary stiffeners.
3 Arrangements are to be made to ensure the

continuity of transverse strength in way of connections
between hulls of catamarans and axial structure.

A4 Structure discontinuities and rigid points are
to be avoided; when the strength of a structure element is
reduced by the presence of an attachment or an opening,
proper compensation is to be provided.
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.5 Openings are to be avoided in highly
stressed areas, in particular at ends of primary stiffeners,
and, for webs of primary stiffeners, in way of pillars.

If necessary, the shape of openings is to be designed to
reduce stress concentration.
In any case, the corners of openings are to be rounded.

.6 Connections of the various parts of a hull, as
well as attachment of reinforcing parts or hull accessories,
can be made by moulding on the spot, by bonding sepa-
rately moulded, or by mechanical connections.

7 Bulkheads and other important reinforcing
elements are to be connected to the adjacent structure by
corner joints (see Figure C3.8.4) on both sides, or equiva-
lent joint.

Figure C3.8.4

The mass by m? of the corner joints is to be at least 50% of
the mass of the lighter of the two elements to be fitted, and
at least 900 g/m? of mat or its equivalent.

The width of the layers of the corner joints is to be worked
out according to the principle given in Figure C3.8.4.

.8 The connection of the various parts of the
hull, as well as connection of reinforcing members to the
hull, can be made by adhesives, subject to special examina-
tion by the Society.

C3.8.10.3 Platings

1 General

(@) The edges of the reinforcements of one layer are not to
be juxtaposed but to be overlapped of at least 50 mm;
these overlaps are to be offset between various succes-
sive layers.

(b) Prefabricated laminates are fitted by overlapping the
layers, preferably with chamfering of edges to be
connected.

The thickness at the joint is to be at least 15% higher
than the usual thickness.
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(c) Changes of thickness for a single-skin laminate are to be
made as gradually as possible and over a width which
is, in general, not to be less than thirty times the differ-
ence in thickness, as shown in Figure C3.8.5.

Figure C3.8.5

d>30 At

(d) The connection between a single-skin laminate and a
sandwich laminate is to be carried out as gradually as
possible over a width which is, in general, not to be less
than three times the thickness of the sandwich core, as
shown in Figure C3.8.6.

Figure C3.8.6
\
A
ta
K \d
% 7]
d>3t,
2 Deck-side shell connection

(@) This connection is to be designed both for the bending
stress shown on Figure C3.8.7, caused by vertical loads
on deck and horizontal loads of seawater, and for the
shear stress caused by the longitudinal bending.

Figure C3.8.7

Local loads

Local
/ loads
47

(b) In general, the connection is to avoid possible loosening
due to local bending, and ensure longitudinal continu-
ity. Its thickness is to be sufficient to keep shear stresses
acceptable.
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(c) Figure C3.8.8 to Figure C3.8.11 give examples of deck-
side shell connections.

Figure C3.8.8

Figure C3.8.9

Figure C3.8.10

l Fender
I

—
)
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Figure C3.8.11
<«— Hull
Deck
Fender

i |

I [

: jﬁ‘_ :__E .....
.3 Bulkhead-hull connection

(@) In some cases, this connection is needed to distribute
the local load due to the bulkhead over a sufficient
length of hull. Figure C3.8.12 and Figure C3.8.13 give
possible solutions. The scantlings of corner joints are
determined according to the loads acting upon the
connections.

(b) The builder is to pay special attention to connections
between bulkheads of integrated tanks and structural
members.

Figure C3.8.12

l«— Bulkhead

| N

Figure C3.8.13

«— Bulkhead

AN
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4 Passage through hull

(a) Passages of metal elements through the hull, especially
at the level of the rudder stock, shaft brackets, shaft-line,
etc., are to be strongly built, in particular when sub-
jected to alternating loads.

(b) Passages through hull should be reinforced by means of
a plate and a counterplate connected to each other.

5 Passage through watertight bulkhead

The continuous omega or rectangle stiffeners at a passage
through a watertight bulkhead are to be watertight in way of
the bulkhead.

.6 Openings in deck

The corners of deck openings are to be rounded in order to
reduce local stress concentrations as much as possible, and
the thickness of the deck is to be increased to maintain the
stress at a level similar to the mean stress on the deck.

The reinforcement is to be made from a material identical to
that of the deck.

C3.8.10.4 Stiffeners

1 Primary stiffeners are to ensure structural
continuity.

2 Abrupt changes in web height, flange

breadth, cross-section area of web and flange are to be
avoided.

3 In general, at the intersection of two stiffen-
ers of unequal sizes (longitudinal with web frame, floor,
beam or frame with stringer, girder or keelson), the smallest
stiffener (longitudinal or frame) is to be continuous, and the
connection between the elements is to be made by corner
joints according to the principles defined in C3.8.10.2.

4 Figure C3.8.14 to Figure C3.8.16 give vari-
ous examples of stiffeners.

Figure C3.8.14
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Figure C3.8.15

Figure C3.8.16

[

| .

5 Connections between stiffeners are to ensure
good structural continuity. In particular, the connection
between deck beam and frame is to be ensured by means of
a flanged bracket. However, some types of connections
without bracket may be accepted, provided that loads are
light enough. In this case, stiffeners are to be considered as
supported at their ends.

C3.8.10.5 Pillars

A Connections between metal pillars, subject
to tensile loads, and the laminate structure are to be
designed to avoid tearing between laminate and pillars.

2 Connections between metal pillars, subject
to compressive loads, and the laminate structure are to be
carried out by means of intermediate metal plates. The
welding of the pillar to the metal plate is to be carried out
before fitting of the plate on board ship.

Figure C3.8.17 gives the principle for connection between
the structure and pillars subject to compressive loads.

Figure C3.8.17

Deck | Deck stiffner

L8 4 A

Rigid support N /

{
/ | «—— Screwing

Welding |

Metallic plate

i -« Metallic pillar
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C3.8.10.6 Engine seating

1 The engine seating is to be fitted on special
girders suitably positioned between floors, which locally
ensure sufficient strength with relation to pressure and
weight loads.

2 Figure C3.8.18 gives an example of possible
seating.

Figure C3.8.18

Engine mounting |

Reinforcement

Web or
rigid core
Girder
C3.9 Hull appendages
C3.9.1. Propeller shaft brackets
C3.9.11 General
1 For certain ships, the propeller shafting is

extended to the propeller bearings clear of the main hull.
Propeller shafting is either enclosed in bossing or independ-
ent of the main hull and supported by shaft brackets.

C3.9.1.2 Shaft brackets

1 The scantlings of bracket arms are to be cal-
culated as indicated below. For high-powered ships, the
Society may require direct calculations to be carried out.

2 Bracket arms are to be attached to deep
floors or girders of increased thickness, and the shell plating
is to be increased in thickness and suitably stiffened, at the
discretion of the Society. The thickness of the palm connect-
ing the arms to the hull, if any, is to be not less than 0,2 dg,
where:

dg . Rule diameter, in mm, of the propeller shaft,
calculated with the actual mechanical
characteristics,

and it is to be connected to the hull by means of through
bolts, fitted with nut and lock nut, in way of the internal hull
structures suitably stiffened.

3 The arms of V-shaft brackets are to be per-
pendicular, as far as practicable.
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4 The bearing length of the shaft bracket boss,
in mm, is to be not less than 3 ds.

5 The thickness, in mm, of the shaft bracket

boss after boring operation is to be not less than:
t, =0,2 - ds - (k, + 0,25)

where:

kl = Rms / Rmb

Rims :minimum tensile strength, in N/mm?, of the pro-
peller shaft,

Rimb : minimum tensile strength, in N/mm?, of the
shaft bracket boss, with appropriate metallurgi-
cal temper.

.6 Each arm of V-shaft brackets is to have a
cross-sectional area, in mm?, not less than:

S =87,5-102-d%- (—1602+ R“"‘)

where:

d, . rule diameter, in mm, of the propeller shaft, for
a carbon steel material,

Rma : minimum tensile strength, in N/mm?2, of arms,
with appropriate metallurgical temper.

s Single-arm shaft brackets are to have a sec-

tion modulus at ship plating level, in cm?, not less than:

w=32 105.7.d2- /n-d,

Rima
where:
4 . length of the arm, in m, measured from the shell
plating to the centreline of the shaft boss,
n : shaft revolutions per minute.

Moreover, the cross-sectional area of the arm at the boss is
not to be less than 60% of the cross-sectional area at shell
plating.

C3.9.1.3 Plated bossing

A Where the propeller shafting is enclosed
within a plated bossing, the aft end of the bossing is to be
adequately supported.

2 The scantlings of end supports are to be indi-
vidually considered. Supports are to be designed to transmit
loads to the main structure.

3 End supports are to be connected to at least
two deep floors of increased thickness, or connected to
each other within the ship.

4 Stiffening of the boss plating is to be individ-
ually considered. At the aft end, transverse diaphragms are
to be fitted at every frame and connected to floors of
increased scantlings. At the fore end, web frames spaced
not more than four frames apart are to be fitted.
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C3.9.2 Waterjets
1 The supporting structures of waterjets are to

be able to withstand the loads thereby generated in the fol-
lowing conditions:

e maximum ahead thrust,
= maximum thrust at maximum lateral inclination,

= maximum reversed thrust (going astern).

Information on the above loads is to be given by the water-
jet manufacturer and supported by documents.

2 For each waterjet, following loading cases
are to be investigated:

LDC 1 : internal hydrodynamic pressure p, in the built-

in nozzle

LDC 2 : horizontal longitudinal force F,; in normal serv-
ice (ahead)

LDC3 : horizontal transverse force F, and associated
moment M, during steering operation

LDC4 : horizontal longitudinal force F,,, vertical force
F, and overturning moment M, in crash-stop
situation

3 The actual location of the thrust bearing is to

be adequately considered (either located aft of the stem in
the stator bow! or inside the waterjet compartment)

A4 The scantlings are to be checked by direct
calculations.
5 Table C3.9.1 indicates the loading cases to

be considered for the various components of the waterjet
system. Other loading cases could be considered for spe-
cific or new design.

Table C3.9.1
Component LDC 1 LDC 2 LDC 3 LDC 4
Built-in nozzle:
- plating X (™) X (2)
- bending behaviour X (3)
Ship stem X (2) X X (4)
Bolting on stem X (5) X (5)

(1) : to be checked under lateral pressure and against fatigue
behaviour

(2) : buckling to be checked (100% of F, transferred by built-
in nozzle in case of thrust bearing aft of the stem)

(3) : ratio of M, directly sustained by the built-in nozzle to be
estimated on basis of relative stiffnesses

(4) : ratio of M, directly sustained by the transom structure to
be estimated on basis of relative stiffnesses

(5) : bolting calculation taking account of the actual pre-ten-
sion in bolts
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.6 The stress criteria for static analysis may be
taken as the following one, in N/mm?2:
= bending stress:

150
am K-f

= shear stress:
90
T KT,
= Von Mises equivalent bending stress:
190

Geq, am T a
K-f

where:
K : material factor defined in C3.2
o . coefficient depending on the material:
= 1,00 for steel structures
= 2,15 for aluminium alloy structures
7 The stress criteria for fatigue analysis are to

be specified by the designer.

.8 The shell thickness in way of nozzles as well
as the shell thickness of the tunnel are to be individually
considered. In general, such thicknesses are to be not less
than 1,5 times the thickness of the adjacent bottom plating.

.9 General principles to be followed for such
structures subject to cyclic loadings are listed hereafter:
= continuous welding

e shear connections between stiffeners and transverse
frames

= soft toe brackets

= no sniped ends

= no termination on plate fields
= no scallops in critical areas

= no start and stop of welding in corners or at ends of stiff-
eners and brackets

= possibly grinding of toes of critical welds

Note: As a guidance, the following criteria may be considered:

The bending natural frequency of plates and strength members
of the hull in the area of waterjets should not be less than 2,3
times the blade frequency for structures below the design
waterline and between transom and aft engine room bulkhead.
Structural components (such as the casing of waterjet and
accessory parts and the immersed shell area) which may trans-
fer pressure fluctuations into the ship structure have to fulfill the
requirements of the waterjet manufacturer. Especially with
regard the grids installed in the inlet duct, the hydrodynamic
design should assure an unproblematic operation with respect
to cavitation phenomenon.

This checking is left to the manufacturers (see paragraph 3.4)
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C3.10 Rudders
C3.10.1 General
1 Rudders which are intended to be operated

at the maximum angle of helm only during navigation at
reduced speed are to comply with the provisions of this
article.

2 This article applies to rudders having a rec-
tangular or trapezoidal blade contour without cutouts, of
the types shown in Figure C3.10.1 and Figure C3.10.2.
Rudders of different types is to be individually considered
by the Society.

3 Rudders which are intended to be operated
at the maximum angle of helm during high speed naviga-
tion are to be designed on the basis of direct calculations to
be performed by the designer. The acceptability of calcu-
lated results are to be individually considered by the Society
in each separate case.

Figure C3.10.1

Hc A
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C3.10.2 Definitions and symbols
Vv : maximum ahead service speed, in knots, at

maximum displacement, in still water,

A . total area of rudder blade, in m?, bounded by
the blade external contour, including main-
piece and the part forward of the centreline of
the rudder pintles, if any,

Ap : area, in m?, of the rudder part abaft the cen-
treline of rudder pintles,

Xs : distance, in m, from the centroid of area A to
the centreline of pintles,

ky : shape factor, equal to:
ky=(A+2)/3

A : A=h?/A;

where h is the mean height of the rudder area,

in m. In no case is the value of A to be greater
than 2. Mean height h and mean breadth b of
rudder blade are to be calculated according to
Figure C3.10.3,

A; . area, in m?, obtained by adding, to the rudder
blade area, the area of rudder post or rudder
horn, if any, up to height h,

ks, . factor depending on rudder profile, the value of
which is given in Table C3.10.1. For high-effi-
ciency rudders, k, is to be equal to 1,7 for
ahead condition and 1,2 for astern condition,

Figure C3.10.3

LS

b : mean breadth of rudder, in m, equal to:

b = Xo X3 =Xy

2
h : mean height of rudder, in m, equal to:
h = 2 +2,-2,
2
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ks . factor equal to:
= k3 =0,8 for rudders outside the propeller jet

= k3 = 1,15 for rudders behind a fixed propel-
ler nozzle

= k3 =1,0in other cases,

dr . rule diameter, in mm, of rudder stock subject to
combined torque and bending,

d; . rule diameter, in mm, of rudder stock subject to
torque only,
Ck . rudder force, in N, i.e. force acting on the rud-

der blade, as defined in C3.10.5,

Qr : rudder torque, in N - m, i.e. torgue acting on the
rudder stock, as defined in C3.10.5.

Table C3.10.1 - Factor k,

k,

Profile type ahead con- | astern

dition condition

NACA-00 — Géttingen profiles

Hollow profiles

Flat side profiles

- 1,10 0,90

C3.10.3

1,10-1,35 0,90

Materials

1 Rudder stocks, pintles, keys and bolts are to
be made of rolled, forged or cast C-Mn steel, in accordance
with the relevant requirements of the Rules.

2 The material used for rudder stocks, pintles,
keys and bolts is to have a minimum yield stress R, of not

less than 200 N/mm?.

3 The requirements for the determination of
scantlings contained in this article apply to steels having a
minimum vyield stress R, equal to 235 N/mm?.
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4 In the case of steels with a yield stress Ry
other than 235 N/mm?, the values of diameters and thick-
nesses calculated with the formulae contained in the
following sub-articles are to be modified as indicated,
depending on the factor K; obtained from the following
formula:

- (2
Ks (ReH

where:

Ren : minimum vyield stress of steel employed, in
N/mm?; in no case is R, to be greater than 450
N/mm? or 0,7 R,,, whichever is less,

R : minimum ultimate tensile strength of steel

employed, in N/mm?,
e for Rey > 235 N/mm?: y = 0,75

e forRey <235 N/mm?y=1,0

5 In general, significant reductions in rudder
stock diameter for the application of steels with R, > 235
N/mm? may be accepted by the Society, subject to the
results of a calculation to check rudder stock deformation.

.6 Significant rudder stock deformations are to
be avoided so as not to create excessive edge pressures in
way of bearings.

7 Welded parts of rudders are to be made of
rolled hull steels of a type approved by the Society.

C3.10.4 Arrangement

A Effective means are to be provided to support
the weight of the rudder without excessive bearing pressure
(e.g. by means of a rudder carrier attached to the upper part
of the rudder stock). The hull structure in way of the rudder
carrier is to be suitably strengthened.

2 Suitable arrangements are to be made to pre-
vent the rudder from accidental lifting.

3 In addition, structural rudder stops of suita-
ble strength are to be provided, except where the steering
gear is provided with its own rudder stopping devices.

4 In rudder trunks which are open to the sea, a
seal or stuffing box is to be fitted above the deepest load
waterline, to prevent water from entering the steering gear
compartment and lubricant being washed away from the
rudder carrier.

If the top of the rudder trunk is below the deepest waterline,
two separate seals or stuffing boxes are to be provided.
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C3.10.5 Determination of the force acting on the
rudder blade and the torque acting on

the rudder stock

1 The rudder force Cg, in N, is to be calculated
by the following formula:

Cr=132-A- V2. ks - k; - kg
where:

Y, © min[Vay, 2/13 - (Vay + 2 - L99)]
2 The rudder torque Qg, in N - m, is to be cal-

culated for both ahead and astern conditions according to
the formula:

Qr=Cg-r

where:

r . distance, in m, equal to:
r=b-(o—ky)
for the ahead condition, r is to be taken not less
than 0,1 - b,

b . mean breadth of rudder area, in m, measured in

accordance with Figure C3.10.3,
o . e for ahead condition: oo = 0,33

« for astern condition: oo = 0,66
ka=A:/A

A being the area, in m?, of the rudder blade portion afore
the centreline of rudder pintles (see Figure C3.10.3).

C3.10.6 Rudder stock
C3.10.6.1 Rudder stock subject to torque
1 Rudder stocks subject to torque are to have

scantlings such that the torsional stress, in N/mm?, does not
exceed the following value:

Tr L = 68/Ky

2 The rudder stock diameter is therefore to be
not less than d;, in mm, calculated by the following
formula:

dr =42 (Qp - Ky*?

C3.10.6.2 Rudder stock subject to combined
torque and bending
1 Rudder stocks subject to combined torque

and bending are to have scantlings such that their equiva-
lent stress o., in N/mm?, does not exceed the value
determined by the formula:

Cena = 118 /K,

2 o, is given by the formula:

0, = JOoi+3-1°

where:
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o : bending stress component, in N/mm?, given by
the formula:

10,2-M
Og = d—%: -103
T : torsional stress component, in N/mm?, given by
the following formula:

5,1-Qg .10°

Tr = d

3 The rudder stock diameter, in mm, is there-
fore to be not less than the value d, in mm, calculated
according to the formula:

o= (13 (&))"

where:

M : bending moment, in N - m, which may be
expressed as:
M =0,866-(Cy/A)-H

H : = for spade rudders (see Figure C3.10.1):

H=A, - (Hc+ H,/2)
= for rudders with 2 bearings (with solepiece)
(see Figure C3.10.2):
H=A;-a-u-H1l
A;, A,, He, Hy and H, are shown in Figure C3.10.1 and Fig-
ure C3.10.2.

The values of the coefficients a, and u are given in Table
C3.10.2 as a function of the ratio c, where:

¢c=H,/(Hc +Hy)
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Table C3.10.2 - Coefficients a; and u

c u a; c u a,
1,00 0,2490 | 1,000 0,74 0,2694 | 1,266
0,98 0,2370 | 1,000 0,72 0,2784 | 1,302
0,96 0,2294 | 1,000 0,70 0,2881 | 1,336
0,94 0,2256 | 1,000 0,68 0,2984 | 1,370
0,92 0,2242 1,000 0,66 0,3094 | 1,403
0,90 0,2248 | 1,000 0,64 0,3212 | 1,435
0,88 0,2270 | 1,000 0,62 0,3336 | 1,467
0,86 0,2303 | 1,017 0,60 0,3468 | 1,499
0,84 0,2348 | 1,064 0,58 0,3608 | 1,531
0,82 0,2402 | 1,109 0,56 0,3757 | 1,563
0,80 0,2464 | 1,151 0,54 0,3915 | 1,596
0,78 0,2534 | 1,191 0,52 0,4084 | 1,629
0,76 0,2610 | 1,229 0,50 0,4264 | 1,662

4 The Society may accept bending moments,

shear forces and support reaction forces determined by a
direct calculation to be performed with reference to the
static schemes and loading conditions set out in Figure
C3.10.4 and Figure C3.10.5.
For the rudder in Figure C3.10.4, the load per unit length
Pg, in KN/m, is given by:

10°
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For the rudder in Figure C3.10.5, the maximum bending
moment Mg, in N - m, and support forces B; and B,, in N,
may be determined by the formulae:

P = Cr-

- C.. l19-(2C;1 +Cp)
= G (1 B )
Bs=Mg/ Iy
5 In general, the diameter of a rudder stock

subject to torque and bending may be gradually tapered
above the upper stock bearing, so as to reach the value of d
in way of the quadrant or tiller.

Figure C3.10.4
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Figure C3.10.5
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C3.10.7 Rudder plating 4 Vertical webs with spacing greater than

A1 Double-plating rudders consist of a welded
plating box, stiffened by horizontal and vertical webs,
which may or may not incorporate the mainpiece.

2 The generic horizontal cross-section of the
rudder plating is to be such that stress components, in
N/mm?2, do not exceed the following values:

= normal bending stress:
or =110/ K,

« shear stress:
1=50/K,;

= equivalent stress:

o, = Joi +3.7° = 120

Ky
3 The thickness of each rudder plate panel is to

be not less than t;, in mm, calculated by the following
formula:

(nse o g

where:

d . draught at summer load waterline, in m,

B= |1 170,5-(&)2

which need not be greater than 1,

with:
s - minor side of the plating panel, in m,
b, : major side of the plating panel, in m.
106

twice that of horizontal webs are not acceptable.

5 Web thickness is to be at least 70% of that
required for rudder plating, and in no case is it to be less
than 8 mm, except for the upper and lower webs. The thick-
ness of any of these webs is to be uniform and not less than
that of the web panel having the greatest thickness t as cal-
culated with the above formula. In any case the thickness is
not required to be increased by more than 20% compared
with normal webs.

.6 When the design of the rudder does not
incorporate a mainpiece, this is to be replaced by two verti-
cal webs closely spaced and in general not less than 1,5
times the thickness of normal webs. In rudders with an area
A smaller than 5 m?, one vertical web may be accepted,
provided its thickness is in general at least twice that of nor-
mal webs. As a rule, the increased thickness of such webs
need not exceed 30 mm, unless otherwise required in spe-
cial cases to be individually considered by the Society.

The thickness of the side plating between the two vertical
webs replacing the mainpiece, or in way of the single web,
is to be increased by at least 20%.

7 The welded connections of blade plating to
vertical and horizontal webs are to comply with the
requirements of C3.2.

Where internal access to the rudder is not practicable, con-
nections are to be made by slots on a supporting flat welded
to the webs, to be cut on one side of the rudder only, in
accordance with C3.2.

.8 Rudder nose plates are to have a thickness
not less than 1,25 t.. In general this thickness need not
exceed 22 mm, unless otherwise required in special cases
to be individually considered by the Society.
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C3.10.8 Rudder pintles
A Rudder pintles are to have a diameter not

less than the value d,, in mm, calculated by the formula:
da=0,35- (Fa - K)*¥2

where:
Fa : force, in N, acting on the pintle, calculated as
specified in C3.10.8.7.
2 Provision is to be made for a suitable locking

device to prevent the accidental loosening of pintles.

3 The pintle housings are in general to be
tapered with the taper ranging:

« from 1:12 to 1:8 for pintles with non-hydraulic assem-
bly and disassembly arrangements,

« from 1:20 to 1:12 for pintles with hydraulic assembly
and disassembly arrangements.

The housing height is to be not less than the pintle diameter

da.

4 The maximum value of the pressure acting
on the gudgeons, in N/mm?, calculated by the formula:

= FA
Pe . hn

is not to exceed the values given in Table C3.10.3, where
h, is the length of contact between pintle and housing,
taken to be not greater than 1,2 d,.

Values in excess of those given In Table C3.10.3 may be
accepted by the Society on the basis of specific tests.

Table C3.10.3
Bearing material 0a (N/mm?)

Lignum vitae 2,5
White metal, oil lubricated 4,5
Synthetic material with hardness 55
between 60 and 70 Shore D (1)

Steel, bronze and hot-pressed bronze- 7,0
graphite materials (2)

(1) Indentation hardness test at 23°C and with 50% moisture
to be performed according to a recognised standard. Type of
synthetic bearing materials to be approved by the Society.
(2) Stainless and wear-resistant steel in combination with
stock liner approved by the Society.

5 The thickness of the pintle housing in the
gudgeon is to be not less than 0,25 d,.

.6 The manufacturing tolerances, in mm, on the
diameter of metal supports are to be less than:
d, /1000 + 1,0
In the case of non-metal supports, tolerances are to be eval-
uated carefully on the basis of the thermal and distortion
properties of the materials employed; the tolerance on the
support diameter is in no case to be less than 1,5 mm.
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7 Where direct calculation is used to obtain
the rudder stock stress components, the value F, is also to
be derived from the same calculation.

Otherwise, F, is to be calculated from the following
formula:

C
Fa = AR A
where:
Cq . force, in N, acting on the rudder blade, deter-
mined as specified in C3.10.5,
Ag . part of the rudder blade area A, in m?, sup-
ported by the pintle. Ag is to be not lower than:
—p. Het05-H,
Ae = A He+H,
C3.10.9 Rudder couplings

C3.10.9.1 Horizontal flange couplings

1 Horizontal flange couplings are to be con-
nected by a number ng of fitted bolts not fewer than 6, and
the diameter of which, in mm, is not less than dg given by
the formula:

K d3
dg = 0,62--%8. |1
& Kia 4Ng- ey
2 The thickness of the coupling flange is to be

not less than the value t,, in mm, calculated by the follow-
ing formula:

Kip

KlB

In any case t, > 0,9 ds,

with dg calculated for a number of bolts not exceeding 8.
The symbols used above have the following meaning:

t, = dg-

d, . rule diameter d; or d, in mm, of the rudder
stock, in compliance with the requirements in
C3.10.6,

Kig: Kia, Kip: coefficients depending on the high-strength
steel used for bolts, rudder stock and coupling
flange, respectively, whose values are defined
in C3.10.3,

ewm . mean distance, in mm, of the bolt axes from the
longitudinal axis through the coupling centre.

3 The distance from the bolt axes to the exter-
nal edge of the coupling flange is generally to be not less
than 1,2 d;.

4 A suitable locking device is to be provided to
prevent accidental loosening of nuts.

5 Non-fitted bolts may be used provided that,
in way of the mating plane of the coupling flanges, a key is
fitted with a section of 0,25 d.x 0,10 d; and keyways in
both the coupling flanges, and provided that at least two of
the coupling bolts are fitted bolts.
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C3.10.9.2 Vertical flange couplings Figure C3.10.6
A Vertical flange couplings are to be connected q_\‘
by a number ng of fitted bolts not fewer than 8, and the '
diameter of which, in mm, is not less than dg given by the |
formula: |
t
de = 0,81 .d,. | & | .
Ng - Kia do
dy, Ky and K, being defined in C3.10.9.1.2 above. \ |
‘ T
2 The first moment of area of the sectional area tn |
of bolts about the vertical axis through the centre of the | S
coupling is to be not less than the value M, in cm3, |
obtained by the formula: dl
G
M, =0,43d,% 106 =~ dy -
3 The thickness of the coupling flange is gener- 2 The dimensions of the locking nut, in both (a)

ally to be not less than dg.

4 The distance of the bolt axes from the exter-
nal edge of the coupling flange is generally to be not less
than 1,2 d;.

5 A suitable locking device is to be provided to
prevent the accidental loosening of nuts.

C3.10.9.3 Cone couplings

A Cone couplings of the shape shown in Figure
C3.10.6 (with explanations of symbols in (a) and (b) below)
are to be secured by a slugging/hydraulic nut, as the case
may be, provided with an efficient locking device, and with
the following dimensions:

(@) Cone couplings with hydraulic arrangements for assem-
bling and disassembling the coupling:

Taper: 1/20 < (d; — dp) / t; < 1/12
t;>1,5-d,

de>0,65 - d,

ty 20,60 - dg

dy=1,2-dyand, inany case, dy>1,2 - dg

A washer is to be fitted between the nut and the rudder
gudgeon not less than 0,13 - dg in thickness, and with
an outer diameter not less than 1,3 - d, or 1,6 - dg,
whichever is greater.

(b) Cone couplings without hydraulic arrangements for
assembling and disassembling the coupling:

Taper: 1/12 <(d, — dg) / t; < 1/8
t;>1,5-d;

de>0,65 - d,

ty > 0,60 - dg

dy=1,2-dyand, inany case, dy>1,2 - dg.
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and (b) above, are given purely for guidance, the determina-
tion of adequate scantlings being left to the responsibility of
the designer.

3 In cone couplings of type (b) above, a key is

to be fitted with a cross-section 0,025 - d;? and keyways in
both the tapered part and the rudder gudgeon.
In cone couplings of type (a) above, the key may be omit-
ted. In this case, the designer is to provide the Society with
shrinkage calculations supplying all data necessary for the
appropriate check.

4 All necessary instructions for hydraulic
assembly and disassembly of the nut, including indications
of the values of all relevant parameters, are to be available
on board.

C3.10.10 Single plate rudders

A The mainpiece diameter is to be calculated
according to C3.10.4.2.

2 The mainpiece diameter is to be not less than
the stock diameter. For spade rudders, the lower third may
taper down to 0,75 times the stock diameter.

3 The blade thickness tz, in mm, is to be not
less than:
tg=(1,5 -5V +2,5) - K12
where:
S . spacing of stiffening arms, in m, in no case to be

more than 1 m.

4 The thickness of the arms is to be not less
than the blade thickness; the section modulus, in cm3, of
the generic cross-section is to be not less than:
Z,=05-5-C2- Vo2 Ky
where:

C, . horizontal distance, in m, from the aft edge of
the rudder to the cross-section.
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C3.11 Stabilisation means
C3.11.1 General
1 Two different situations are to be considered

for the purpose of Section 3, depending on the main func-
tion of the stabilisation system:

Situation 1: The stabilisation system is associated with the
safe operation of the craft as described in
16.1.1. In that case, the system is covered by
the present Rules.

Situation 2: The stabilisation system is only a motion reduc-
tion or a ride control system. In such a
situation, the system is not covered by the
present Rules.

C3.11.2 Classification process

A For situation 1, the structural design assess-
ment process in scope of classification is given hereafter:

= the following structural parts are reviewed, on basis of
design loads and safety criteria indicated by the
supplier:
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- structure of the stabilisation devices: foils, trim, tabs
or interceptors

- ship structure supporting the stabilisation devices

= Only power activated items such as foils, trims, tabs or
interceptors are assessed. The following parts are
reviewed:

- hydraulic system used for activation of stabilisation
system

- associated electrical devices

2 For situation 2, the structural design assess-
ment process in scope of classification is given hereafter:

= only the ship strength in way of stabilisation devices is
assessed. Ship structure supporting these devices is
reviewed, on basis of design loads and safety criteria
indicated by the supplier:

= Only possible interferences between hydraulic installa-
tion and the safety of the craft are of concern. The
applicable regulations depend on the location of the
hydraulic power pack. The working principles are not
checked. However, the hydraulic system documenta-
tion is to be submitted.
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SPECIAL REQUIREMENTS FOR SCANTLINGS OF

HYDROFOIL HULL STRUCTURES

C3A1.1 Foreword

A The requirements of this Appendix apply to
hydrofoils, i.e. craft which can sail both at high speed, with
the hull emerging from the water surface, supported by the
hydrodynamic lift of a system of connected underwater foil
planes (foils), and as conventional floating craft during
manoeuvring operations or in emergency conditions.

2 Where not expressly specified, the symbols
used here are those already defined in this Section

3 This Appendix generally covers hydrofoils
with a length L <35 m and fitted with two foils, a bow and
an after foil, and a screw propeller, having a maximum sail-
ing speed on foils of 40 knots, and intended for the carriage
of passengers and, if applicable, of cargo.

4 Hydrofoils with characteristics other than
those above, or which are not designed in accordance with
these Rules, are to be individually considered.

C3A1.2 General

A The hull is to be designed with the aim of

achieving safe navigation of the hydrofoil, both when
emerging on foils and when floating under the different dis-
placement, trim and stability conditions, in still water and
in sea waves, which are expected in service.
The designer is to establish, by calculations and, if neces-
sary, tank tests on models, hull shapes, weights and their
distribution, the position, shape and type of foils and the
thrust of the propulsion system in order to ensure suitable
structural strength of the hull and safe transverse and longi-
tudinal stability of the hydrofoil, with particular reference to
transient conditions of lifting from water, alighting on water
and turning.

2 Hydrofoils covered by this Appendix gener-

ally have hard chine hulls as well as bottoms presenting a
significant deadrise, bow foil within 1/3 L of the bow and
after foil within 1/3 L of the stern.
Foils may be of the partially submerged Vee (narrow or
wide) self-stabilizing type, or of the completely submerged,
horizontal non-self-stabilizing type fitted with automatic
stabilizing devices; foils may be of the fixed or lifting type.

3 In the case of hydrofoils with general charac-
teristics substantially different from those above or having
special arrangements, the Society reserves the right to
require appropriate additional calculations as well as tank
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tests on models, followed, if necessary, by exhaustive sea
trials before entry into service.

C3A1.3 Definitions and symbols

L : Rule length, in m (see C3.1),

L, . longitudinal distance, in m, between mid bow
foil and mid after foil, measured parallel to L,

—
=

overall length, in m,

moulded breadth, in m (see C3.1),
greatest foil breadth, in m,

depth, in m (see C3.1),

greatest depth, in m, measured vertically from
the lower side of the more deeply submerged
foil to the corresponding top of the deck beam,
at the side of the main deck,

U 0w w

®

draught, in m (see C3.1),

T, . greatest draught, in m, of the more deeply sub-
merged foil, measured vertically with craft at
rest,

T, . greatest draught, in m, of the more deeply sub-
merged foil, measured vertically with full load
craft on sailing trim on foils,

f . coefficient depending on the material:

= 1,00 for steel structures

= 1,45 for aluminium alloy structures,
i . coefficient depending on the material:

= 1,00 for steel structures

« 2,15 for aluminium alloy structures.

C3A1.4 Documents to be submitted

1 In addition to the plans and information
listed in C3.0, the following calculations, specifications and
plans (in triplicate) are to be submitted to the Society for
approval, together with the following information:

(a) outer shell expansion, including stiffeners in way of
foils, rudder, stern tubes and propeller shaft brackets;

(b) structure of foils and relevant hull connection stiffeners
as well as quality of materials employed, with specifica-
tion of intended heat treatments and non-destructive
tests;
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(c) calculations and diagrams relevant to the longitudinal
strength of the hull;

(d) calculation of foil structure strength, including the spec-
ification of the loading conditions considered and
restraints assumed.

2 Any other documents, calculations and plans
deemed useful by the Society for the purpose of classifica-
tion are also to be submitted.

C3A1l5 Longitudinal strength
C3Al5.1 General
1 The longitudinal strength of the hull is to be

calculated for at least the two conditions specified below,
adopting the more severe of the resulting scantlings.

(@) Floating hydrofoil
Hydrofoil floating in still water,

(b) Emerging hydrofoil on foils

(1) Emerging hydrofoil supported by its foils and con-
sidered on its sailing trim in still water without any
additional motion, taking account, in the acting
forces diagram, of the vertical components (lift) of
hydrodynamic forces on the foils,

(2) Hydrofoil in the conditions specified in (1) but in sea
waves, taking account of pitching, rolling and heav-
ing motions, and of consequent acceleration and
forces of inertia.

2 The calculation of the hull cross-section
modulus is to include the shells and associated stiffeners
which, due to their longitudinal continuity, effectively con-
tribute to longitudinal strength.

3 As regards the acceleration values and wave
characteristics to be assumed in the calculations, they are to
include the severest sea conditions expected for the hydro-
foil in service, according to the provisions in C3.3.

C3A1.5.2 Allowable stresses
Rule values of midship section modulus
Section modulus calculation
A The maximum allowable bending stresses o

at deck and bottom and shear stress T at sides are generally
not to exceed the values given in Table C3A1.1.

Table C3A1.1 - Maximum allowable stresses

Hydrofoil under
conditions
specified in:

o at bottom o at deck T at sides
(N/mm?2) (N/mm?) (N/mm2)

C3A1.5.1.1 (a)

c3a15.1.1 (b) (1) | PO/ K- Tw) | ASTK-Tr) | 407 (K- T)

C3A15.1.1(b)(2) | 85/(K-f,) | 85/(K-f,) | 70/(K-f,)
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In general, maximum o stresses occur at about 0,5 L,, and
maximum 7 stresses in way of the bow foil.

2 Attention is to be paid to scantling distribu-
tion for structures contributing to the longitudinal strength
of the different hull zones, so as to avoid structural disconti-
nuities, which would give rise to peaks in the diagrams of
moments of inertia and of section moduli, with consequent
abrupt variations in stresses. The structures constituting the
hull are also to comply with the requirements for local hull
strength, set out below.

3 For hydrofoils with length L < 35m, the Rule
midship section moduli at bottom Z,, and at deck Z;, in cm?,
are given by the formula:

Z2,=2,=(6,3-L,—60)- 103

4 The section modulus is, in any case, to be
such as to comply with the allowable stresses given in Table
C3A1.1.

5 The section moduli of the cross-sections W,
at bottom and W, at deck are conventionally obtained by
dividing the moment of inertia of the cross-section under
consideration by the vertical distance between the horizon-
tal neutral axis and the base line, and by the distance
between this axis and the top of the deck beam, at the side,
of the strength deck, respectively.

.6 To calculate the moment of inertia of the
above cross-sections, the net cross-section of continuous
elements contributing to longitudinal strength, and there-
fore reduced for openings, manholes and other holes which
are not completely compensated, is to be taken into
account; in the case of riveted structures, in contrast, rivet
holes in shells and bars are not required to be deducted
from the strength cross-section.

C3A1.6 Local strength
C3Al16.1 General
1 Hull structure dimensions are to comply with

the relevant requirements of this Section considering the
craft as floating, and neglecting dynamic effects due to
accelerations, impact and wave loads.

2 The structural arrangements to be adopted in
these craft are specified below, together with minimum
scantlings to be satisfied in any case.

3 The scantlings of the outer shell, decks and
relevant stiffeners contributing to local hull strength are to
comply with the requirements of this Appendix. They are to
be increased, if necessary, depending on the longitudinal
strength as required in C3A1.5.

4 The spacing of secondary stiffeners is, in gen-

eral, not to exceed 300 mm, at least in way of foils, the
machinery space and forward of the bow foil.
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5 Primary transverse frames, consisting of
floors, side transverses and deck transverses, are to be fitted
both where the structure of ordinary stiffeners is of the trans-
verse type and where it is of the longitudinal type.

In the first case, the frames give support to bottom girders,
side stringers and deck girders, which in turn, support the
ordinary shell stiffeners, i.e., floors, webs and beams,
respectively; in the second case they support the longitudi-
nals directly.

Structures different from the above are to be individually
considered in each case.

C3A1.6.2 Bottom shell plating

1 The thickness t,, in mm, of the bottom shell,
in the area from the bow foil to the stern, is in no case to be
less than:

fm"\/R

2 The thickness t, of the keel strake is to be, in
general, at least equal to 1,2 times the thickness adopted for
the bottom and in no case less than 4 mm.

3 The bottom thickness t,; in the area forward
of the bow foil is to be at least 1,2 t,, provided that the take-
off speed of the hydrofoil is not greater than approximately
20 knots and the maximum sailing speed on foils is not
greater than approximately 40 knots. For greater speeds, the
thickness t,; is to be individually considered in each case,
depending on the results of calculations and, if necessary,
experiments to be performed by the designer, to assess the
hydrodynamic force on the shell due to water in the takeoff
stage and the wave action on the shell in the sailing condi-
tion on foils at maximum service speed.

4 Takeoff speed is intended as the minimum
speed necessary to lift the hull on foils in still water.

5 In way of foils, the bottom thickness is to be
increased appropriately and in no case is it to be less than,
in mm:

fm' «/R
C3A1.6.3 Side shell plating
1 The thickness t;, in mm, of the side shell is to
be not less than:
fm' «/R
2 The thickness t,, in mm, from 0,1 L aft the

bow foil to 0,1 L forward of such foil is to be not less than:

fm'«/R
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3 The thickness ty, of the sheerstrake, for the
whole hull length, is to be at least equal to that of the corre-
sponding side.

4 Where, on the sheerstrake, side ports or side
scuttles or other large openings are fitted, the thickness is to
be increased such as to compensate these openings.

5 The thickness tg, is also to be increased in
way of end bulkheads of any castles, or, in any case, in way
of steps in the strength deck.

.6 In way of foils, the side thickness is to be
sunably increased and is, in no case, to be less than, in mm:

m‘A/R

C3A1.6.4 Deck and flat plating
1 The thickness ty, in mm, of the deck plating is
to be not less than:
fm : A/R
2 The thickness t, of the stringer plate of the

strength deck is to be at least equal to that adopted for the
sheerstrake or for the remaining deck plating, whichever is
greater.

3 The thickness, in mm, of decks below the
strength deck, generally consisting of flats, is to be not less
than:

« jf the 'tween deck is intended for accommodation or
similar:

fm : A/R
= if the deck forms a tank bottom or tank top:

2,5-f,- JK

C3A1.6.5 Bottom structure

1 For the bottom, longitudinal framing extend-
ing through the whole length is generally required, except
for extreme stern and extreme bow areas, where the framing
is generally transverse.

2 In way of the bow foil and after foil, ordinary
floors of suitable scantlings, to be individually considered in
each case, are to be fitted. In way of the fore foil, the floor
spacing is generally to be one half the frame spacing.

3 In the machinery space, at least two girders
on each side are to be fitted, at least one of which is to be
fitted in way of one of the engine seating girders.

4 In the area forward of the bow foil, at least
one girder on each side is to be fitted. The height, in gen-
eral, is to be at least equal to that of the bottom transverses,
and preferably located in the same plane as a deck girder, if
fitted. The girder thickness is to be not less than, in mm:

fm'A/R
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.5 At the bow foil and after foil, the number and
scantlings of the floors are to be individually considered in
each case, depending on the type of structure proposed. In
any case, two floors belonging to complete transverse rings
(side and deck transverses) are to be fitted, and located one
forward and the other aft of the hull penetrations of the bow
foil bearing arm.

Intermediate floors in this area are to be positioned,
between those usually fitted at each frame spacing, and all
such bottom transverses are to have a section modulus of at
least 1,25 times that required for the area aft of the engine
room.

.6 In the area forward of the bow foil, the floors
are generally to have a section modulus of at least 1,8 times
that required for the area aft of the engine room and a spac-
ing not greater than four web spacings. In the usual case of
bottoms presenting forward a deadrise angle greater than
approximately 25°, the floors are to have a horizontal upper
edge and a height of at least 0,2 - D in the centreline.

7 In the case the takeoff and sailing speed of
the hydrofoil are greater than those specified in C3A1.6.2.3,
the scantlings of the forward floors are to be individually
considered in each case.

C3A1.6.6 Side structure

A This structure may be of the transverse type,
i.e. consisting of ordinary webs, supported by stringers (or
flats) and side transverses belonging to the primary trans-
verse rings, or, for hydrofoils with length L greater than
approximately 20 m, of the longitudinal type, i.e. consisting
of longitudinals supported by side transverses belonging to
these rings.

2 Continuity of the longitudinals is to be
ensured, considering their contribution to the longitudinal
strength of the hull.

3 Side transverses are to be fitted for the pur-
pose of supporting the longitudinals, and side stringers (or
flats), to be individually considered in each case, are to be
fitted in way of and forward of the machinery space.

A4 In way of foils, scantlings are to be individu-
ally considered in each case.

5 The section modulus of the side transverses
forward of the bow foil is to be individually considered in
each case: in any event, two side transverses are to be fitted
in way of the floors located forward and aft of the hull pen-
etrations of the bow foil bearing arm, for which in general:

h/S=>0,25

where h is the web height and S is the conventional span of
the side transverse.
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.6 In way of the bow and after foils and in the
case of side transverses supporting deck bracket-transverses,
the provisions of C3A1.6.5.5 to C3A1.6.5.7 apply.

7 In the area forward of the bow foil, the side
transverses are preferably to have an h/S ratio of at least 0,2.
As regards the case of high hydrofoil speeds, the provisions
of C3A1.6.5.5 to C3A1.6.5.7 are to be complied with.

C3A1.6.7 Deck structure

1 Strength deck stiffeners may be of the trans-
verse type where constituted by beams supported by girders
which are in turn supported by deck transverses belonging
to the primary transverse rings, which may or may not be
associated with pillars; such stiffeners are of the longitudi-
nal type where they consist of longitudinals supported by
the deck transverses.

The latter structure is recommended where L > 20 m.

2 Stiffeners of decks below the strength deck
and stiffeners of flats intended for passenger accommoda-
tion or forming the top of the machinery space are to have a
section modulus not less than, in cm3:

4 -f,-K

3 Where the deck or flat forms the top of a tank
for liquids, the provisions of C3.7 or C3.8 are to be com-
plied with.

A4 The scantlings of stiffeners fitted on account
of special structural requirements, for example in way of
foils, are to be individually considered in each case.

5 Deck transverses are to be fitted in way of
side transverses, so as to constitute members of complete
transverse rings.

.6 They may instead be of the bracket type in
the general case of hydrofoils for which L is less than
approximately 15 m, and fitted with long deck openings; in
such case, deck transverses, continuous from side to side,
are to be fitted at least immediately aft and forward of the
machinery space and forward of the bow foil. An intermedi-
ate flat, between bottom and deck, is to be fitted at least in
the area aft of the machinery space.

7 The scantlings of deck transverses in way of
foils and the scantlings of panting deck transverses fitted in
the fore peak, at approximately mid-depth between bottom
and deck, are to be individually considered in each case.

.8 Owing to their span (roughly 0,3 to 0,5 m),
deck transverses of the bracket type are generally composed
of wide brackets connected to the web frame and the side
stringer of the deck opening. The scantlings of such deck
transverses are to be individually considered in each case.
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C3A1.6.8 Watertight bulkheads

A For the hydrofoils considered in this Appen-
dix, four watertight subdivision bulkheads are generally
required to be fitted as follows:

= watertight collision bulkhead, located not less than
0,05 - L from the forward perpendicular and, in general,
not more than 0,08 - L from the same perpendicular,

= fore and after watertight bulkhead of the machinery
space,

= after watertight bulkhead, located, in general, about
0,05 - L from the aft perpendicular, but in no case more
than 0,08 - L from the same perpendicular.

2 In the case of hydrofoils intended for the car-
riage of passengers, the watertight subdivision bulkheads
are also to satisfy the relevant requirements of Section 2.

C3A1.7 Foils

C3A1.7.1 General

A1 The type, shape and location of foils is to be
determined by the designer based upon the general design
provisions specified in C3A1.2, taking account of the fact
that the essential function of foils is to support the hull,
emerging at a sufficient height above the water surface so as
to allow sailing even in waves, while ensuring the stability
of the hydrofoil at the same time.

After determining these characteristics, the strength calcula-
tions for foils and relevant hull supporting connections are
to be performed.

2 In the case of hydrofoils with foil types other
than those considered below, the Society reserves the right,
after examining the calculations, to require special checks
and tests, as specified in C3A1.2.

3 The foil profile and shape are to comply with
the provisions of the present article and, even when sailing
in waves, to avoid cavitation phenomena dangerous for the
stability of the hydrofoil.

4 Calculation of the forces acting on the hydro-
foil may be performed by considering the craft in sailing
condition on foils in still water.

.5 The following acting forces are assumed:

= hydrofoil weight, at least in the two conditions of full
load and without passengers,
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= hydrodynamic resistance of the bow foil and after foil
and associated lift,

= thrust of propellers.

.6 For the equilibrium, the algebraic sum of the
acting forces and relevant moments with respect to the
hydrofoil’s centre of gravity is obviously to be equal to zero.

7 In addition, the hydrofoil is to be considered
during its turning manoeuvres. This means that water thrust
on the rudder, whose action gives rise to variations in the
hydrodynamic resistance and in the lift distribution on foils,
as well as the forces generated by balancing flaps, are to be
added to the forces above.

.8 Moreover, taking into account the most
severe dynamic conditions expected for the hydrofoil in
service, the above forces and, in addition, forces of inertia
generated by rolling, pitching and heaving, including those
during takeoff from the water and alighting on the water, are
to be considered in the designer’s calculations.

The characteristics of such motions, i.e. oscillation ampli-
tude and period, and the consequent acceleration from
which the forces of inertia originate, are to be considered
individually by the Society in each case, based upon the
experience already gained, if the hydrofoil under considera-
tion is similar to previous ones which have given good
results in service, or, otherwise, upon the results of exhaus-
tive tank tests on models, as well as sea trials on the
hydrofoil itself, before entry into service.

C3A1.7.2 Foil strength calculations

1 In the case of V-type or W-type foils, each is
usually connected, by quasi-vertical or vertical arms, to a
horizontal member, fitted transversely with respect to the
hull, and supported by special hull structures.

The foils and arms may therefore in such cases be consid-
ered, overall, as a system consisting of beams and joints
supported by the hull structures.

2 The forces acting on the foils consist of
hydrodynamic resistance and lift, as well as the reactions of
the structures mentioned above which balance such forces.

3 Strength calculations are therefore to take
account of the nature of the restraints from the hull on the
reticular system and acting forces, in the loading conditions
specified above, as well as of the mechanical properties of
the materials employed, which are generally high-strength
welding steels.

4 In particular, diagrams of bending moments
and axial and shear forces acting on the foils are to be plot-
ted and the stresses deriving from them are to be calculated.
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C3A1.7.3 Foil construction
A The foil joints are generally constituted of

forged or cast steel, or are obtained from plate, while the
beams are to be made of fabricated plating, and connec-
tions are to be welded.

2 Since, due to the shape and dimensions of
the foil profile, the foils themselves are not internally acces-
sible, and therefore back-welding of all welded joints is not
possible, the constructional plan is to specify special types
of edge preparation, welding sequence and performance, to
ensure the absence of defects and minimise internal stresses
due to shrinkage at welds.
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In particular, the number of slot-welded joints on plating is
to be minimised.

3 Materials are to be tested by the Society, and
electrodes and welding processes are to be recognised as
suitable in accordance with the Rules.

4 Butt-joints are to be subjected to radio-
graphic examination and, if inaccessible from one side, to
magnetic particle or dye-penetrant examination.

5 Depending on the quality of the material
adopted and on welding processes, the Society reserves the
right to require thermal stress-relieving in the furnace after
welding.

115



Chapter 1 Section 3

APPENDIX C3A2

Structures

| -Part 3

SPECIAL REQUIREMENTS FOR SCANTLINGS OF

AIR-CUSHION VEHICLE HULL STRUCTURES

C3A2.1 Foreword

A The requirements of this Appendix apply to
“flexible skirt hovercraft”, i.e. air-cushion vehicles with a
downwardly-extending flexible structure used to contain or
divide the air cushion.

This type of air-cushion vehicle is amphibious.

2 Unless otherwise specified, the symbols used
here are those already defined in C3.1.

C3A2.2 General
C3A2.2.1 Definitions and symbols
A Weight and masses

Light weight: the weight of the craft without cargo, fuel,
lubricating oil and water in tanks, without con-
sumable stores, passengers, crews or personal
effects.

Light mass: the mass of the craft under the same
conditions.

Maximum operational weight: the overall weight at which
the craft is permitted to operate under normal
conditions.

Maximum operational mass: the mass of the craft under the
same conditions.

2 Dimensions

The main dimensions of an hovercraft are determined for
the following situations:

= stationary,

under maximum load,

« afloat.

L :length, in m, equal to the length of the rigid hull
measured on the waterline at draught T, and
not to be less than 95% of the air cushion lon-
gitudinal connection,

B : breadth, in m, equal to the broadest part of the

rigid hull measured on the waterline at draught
T. B is not to be less than 95% of the air cush-
ion transverse connection,
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T . draught, in m, (see C3.1),
D . depth, in m, (see C3.1).

The structure is divided into several substructures depend-
ing on the type of supported loads (overall forces, local
forces, concentrated loads, etc.) and design methods.

C3A2.2.2 Main structure

1 The main structure comprises all structural
members which contribute to overall strength, i.e. members
which support the overall longitudinal and transverse bend-
ing forces as well as overall torsional forces resulting from
asymmetrical loads (e.g. craft in flying or floating situation
on diagonal wave).

2 Besides its resistance to overall forces, this
structure is to be capable of supporting certain local forces
exerted by local loads, or loads distributed in areas of lim-
ited dimensions.

3 It generally includes:

= platform above the air-cushion with its primary and sec-
ondary, transverse, longitudinal and diagonal stiffeners,

= watertight compartments giving buoyancy,

= decks, floors, bulkheads as well as side walls, super-
structure and deckhouse shell plating rigidly connected
to the platform and for buoyancy compartments.

C3A2.2.3 Secondary structures

1 The secondary structure completes the main
structure by contributing to the safety and the protection of
the craft against bad weather and wave impacts.

They are designed to support only local stresses.

2 These secondary structures comprise all
members not rigidly connected to the main structure such
as certain platforms, internal or external bulkheads and
walls or access doors.

C3A2.2.4 Additional structures

1 Additional structures cover all arrangements
attached to the main structure and taking a prominent part
in the craft’s operation and safety.

They generally create concentrated stresses in the main
structure, and possibly, secondary structures.
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2 These structures mainly comprise:
= skirt connections to the structure,

= seatings and foundations for propelling unit, ventilating
plants and associated auxiliaries,

= supporting brackets for steering and trim control appara-
tus, which can be aerial or submerged,

= onshore or offshore anchoring and mooring as well as
towing arrangements,

= landing and ground support arrangements for amphibi-
ous air-cushion vehicles,

= wheelhouse, if not integrated in the structure.

C3A2.3 Documents to be submitted
C3A2.3.1 Documents submitted for information
A The designer is to provide a general arrange-

ment drawing showing the general structural layout,
intended use of different spaces and tanks, and location of
propelling, lifting and operating installations.

2 In addition to the information stipulated in
C3.0, weight balances are to be provided for the following
cases:

= light weight air-cushion vehicle,
= air-cushion vehicle at operating full load.

3 In addition, for air-cushion vehicles carrying
cargo, weight balances are to be submitted for all interme-
diate loading cases considered by the designer and
indicated in the operating manual.

4 Each loading case is to be indicated with the
relevant position of the main masses.

C3A2.3.2 Justification of scantlings

A Scantlings are to be justified by calculation
notes indicating relevant loads, calculation methods and
computation results.

2 When computer calculations are carried out,
the software is to be indicated, and indications are to be
communicated with regard to structure description, bound-
ary conditions and the way loads are introduced.

The results of these calculations are to be submitted to the
Society.

3 Justification can be based on recognised

experimental results: recorded for similar structures and
corrected, if required, to allow for minor variations of cer-
tain parameters, the effects of which have been suitably
evaluated.
In that case, tested structures, test conditions, methods and
results, as well as variations in the parameters and their
effects on the structure in question, are to be clearly
defined.
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C3A2.3.3 Drawings for approval
1 In addition to the plans listed in Table

C3.0.1, the following drawings are to be submitted to the
Society for approval:

= bottoms and walls limiting air cushion,
« side shell and side walls,
= air-cushion lining and subdivision arrangements,

= seatings, foundations, supporting brackets and air pipes
of lifting plant,

= skegs, rudders and control systems,

= landing, ground supporting and mooring arrangements,
if any, including handling equipment,

= details of all types of assembling arrangements and
scantlings of connections,

= hoisting and handling equipment, if any, used on board.

2 This is not an exhaustive list; other drawings
may be required.

C3A2.4 Scantlings criteria
C3A2.4.1 General
1 Each constituent part of the structure is to be

designed to withstand a combination of loads which consti-
tute the scantling criteria, without sustaining damage or
distortions likely to affect the good working order of the air-
cushion vehicle.

2 These criteria are determined on the basis of
the craft’s characteristics, its performances, and operational
restrictions dictated by the intended type of service.

C3A2.4.2 Types of stresses

1 General stresses

General stresses result from the overall forces applied to the
structure in order to maintain the air-cushion vehicle in bal-
ance in a given situation.

These loads are, on the one hand, loads due to masses
(forces of inertia) and, on the other hand, external loads cre-
ated by environmental conditions, as defined in C3A2.4.3.
General stresses induce distortions and overall stresses in
the main structure.

2 Local stresses

Local stresses are created by masses which are directly sup-
ported by internal forces and external loads applied locally.
They modify the stress values resulting from general stresses
for a specific component of the main structure.

They are used as a basis for the scantlings of the compo-
nents of secondary and additional structures.
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C3A2.4.3 Calculation of external loads H :wave height, in m,
A :wave length, in m.
A Air-cushion vehicle flying on waves . .
Values of A and H are defined in C3A2.4.3.2 below.
(a) An air-cushion vehicle operating on rough seas, passing (d) The rigid structure can be subjected to direct wave
over a wave, is subjected to an overall force of impact, impact under the following circumstances:
due to a combination of pressure variation and impact e craft in flying situation under worst intended
of green seas, whose basic value can be expressed by conditions,
the formula: louah-in of cushi ‘
F=C-M-g plough-in of cushion system,
where: = craft afloat, at rest or not.
M ) f the ai hi hicle. in k The basic value of the maximum impact pressure,
- Mass of the air-cushion venicle, In kg, referred to as local pressure (governing scantlings of a
g . acceleration of gravity, equal to 9,81 m/s?, secondary stiffener or shell on a frame space), in kN/m?,
KKV can be evaluated by the formula:
C= 1/X3' L v‘zzs Pioc = 2,4 - Ky - K-V, - V
M™7 (14159 .
where:
with: o ] .
- ) N K’y . coefficient depending on position x of spot
Ky . coefficient depending on position x of spot of the impact and determined according to
of the impact and determined according to Figure C3A2.2,
Figure C3A2.1, . .
Ks . coefficient depending on the shape of bot-
K; : reduction factor depending on the type of toms, defined in (f),

cushion and defined in (b), ) .
V, and V: values defined in (a) above.

V, . vertical speed of impact, in m/s, as defined

in (c), Figure C3A2.2 Coefficient K,
\% : maximum speed of air-cushion vehicle, in K

m/s, for the wave height H considered. The x A

relation between V and H is to be provided

by the designer as a function of the vertical
acceleration in the centre of gravity (see 2
also C3.3.1 and C3.3.4),

Is . distance from spot of impact to centre of
gravity, divided by the radius of gyration. 1

Figure C3A2.1 Coefficient K,

-
X

Kx 4 0 0778L L

(e) The average pressure, in N/m?, corresponding to the
local pressure (distributed pressure determining scant-
lings of main stiffeners) is given by the formula:

Pmoy = 1,06 - K’y - K¢ -V, - V

1
1
E (f) K;is determined by means of model tests and has to be

confirmed by prototype tests. In the absence of the nec-
essary data, K; is considered to be equal to 1.

L 2 Air-cushion vehicles afloat
0 L/2 L T x
(a) The wave considered for scantling calculations of flexi-

(b) In the absence of more accurate information, K; is con- ble skirt craft afloat is a sinusoidal wave of height H and

sidered to be 0,7 for flexible skirt air-cushion vehicles. length A, in metres, and confirming the following

For side-wall craft, K; can be determined only by model equations:

tests and is to be confirmed by prototype tests.  forA<41,50m:

H=A/10

(c) The speed V, is given by the formula:

T g e forA>4150m:
V,=06+H. =28
2-A

_ 3/
H = 6,51—0,57-(M Z)

where: 100
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(b) The value H is defined by the designer on the basis of
the limit operating conditions indicated in the Enclosure
of the Class Certificate and on the midship section
drawing (see C3.3.1 and C3.3.4).

The worst conditions are generally encountered when A
is approximately equal to:

e L for head wave,

e B for beam wave.

3 Wind effects

(@) Two cases are to be considered, depending on whether
the craft is at rest or in operation.

(b) When the craft is moored to the ground or afloat, each
component of the entire structure has to be able to with-
stand the pressure and/or vacuum forces produced by a
steady wind, blowing horizontally, depending on the
worst direction for each component considered, at a
speed of 70 knots.

More severe conditions may be required for air-cushion
craft intended to operate in particularly exposed areas.

Less severe conditions can be accepted for small or
medium-size craft which can easily be wind-screened.

—
(o)

During navigation under the worst intended conditions,
it is to be checked that each constituent part of the air-
cushion vehicle is capable of withstanding the pressure
and vacuum forces produced by gusts increasing the
true wind speed by at least 30% of its nominal value
(mean value observed during 10 minutes).

This horizontal component is to obtain the most unfa-
vourable direction for the particular constituent part.

These forces are, if applicable, to be considered
together with the forces in C3A2.4.3.1 and C3A2.4.3.2
above.

—
o
=

If no other indications are available, the dynamic pres-
sures, exerted by the wind on a vertical element, can be
estimated by means of the following formulae, in
kN/m?2, depending on the altitude above sea level of the
element and wind speed v,,, in knots:

< between 0 and 5 m above the sea level:
g, =1,50-10-3.v,?

e at10 m or more:
g,=0,16 - 1073 - v,?

Between 5 m and 10 m, there is a linear variation of q
between the two preceding values.

Note: These pressure variations depending on altitude take
account of the degree of seawater saturation of the sea-air.
Other corrections are to be made to these values to account
for the type of forces (pressure or vacuum), the lines of the
air-cushion vehicle, etc. These corrections are to be justi-
fied by the designer.
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4 Other meteorological conditions

(@) Besides the loads mentioned in C3A2.4.3.1 to
C3A2.4.3.3, and according to the navigation area, loads
resulting from the accumulation of snow and ice on cer-
tain parts such as roofs, side walls, steering and
propelling installations, are to be accounted for, if
applicable.

(b) Generally, for air-cushion vehicles built in series, the
most severe conditions are to be considered depending
on various intended navigation areas.

C3A2.4.4 Calculation of internal loads

1 Loads on flooring (decks)

(@) Normal static loads on various floorings are to be indi-
cated in the builder’s technical specifications.

(b) Scantlings of floorings in compartments intended for
carriage of passengers are calculated on the basis of
0,75 kN per passenger.

However, this value may be reduced to 0,60 kN if it can
be justified.

(c) For guidance, the following values can be adopted for
flooring scantlings, depending on use:

= flooring of passenger compartment: even load of
2,50 kN/m? (or loads indicated in (b) with no more
than 4 passengers per square metre),

« flooring of luggage compartments: density 150
kg/m? (load evenly distributed),

= flooring supporting miscellaneous cargoes: density
700 kg/m? (load evenly distributed),

= flooring supporting cars: 3,0 kN per wheel (load
locally distributed on the surface on tyre tracks),

= flooring supporting commercial vehicles: 65,0 kN
per wheel.

These preceding loads are nominal static loads.

(d) When the air-cushion vehicle is afloat on waves, and a
flooring is exposed to green seas, its strength is also to
be checked with regard to hydrostatic pressure, accord-
ing to the parameters defined in C3A2.4.3.2.

2 Loads due to propelling and steering
installations

(@) These loads are applied to the structure through the con-
nections of foundations, seatings, gantries, etc.
supporting the propelling engine, the lifting installation,
their auxiliaries as well as steering gear such as rudders
and skegs.
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(b) For propelling and lifting plants, loads are calculated on
the basis of the most critical situations to be expected
(e.g. breakdowns, sudden changes in engine speed,
reverse propeller pitch).

(c) For steering arrangements, loads are either contractual
loads (power rudders) or loads actually encountered.
The latter can be deduced from calculations or tests.
The basic contractual loads applied by the pilot on the
controls are as follows:

= 0,46 kN on a control stick or control wheel ahead or
reverse gear,

= 0,28 kN on a control stick - laterally,
= 0,185 kN on a control wheel - tangential action,
= 0,60 kN on pedals or levers.

(d) See also C3A2.7.8.

.3 Loads due to tests

(@) Tests are to be carried out to check the tightness of inte-
grated buoyancy compartments, fuel tanks and various
liquid tanks.

Scantlings are to be such that no permanent distortion
will remain after tests at the pressures indicated in (b)
and (c) below (verification at yield stress).

(b) Buoyancy compartments are generally tested with com-
pressed air at a pressure of not more than 0,2 bar
(pressure is controlled by means of a U-shape stand-
pipe), after application of sealing material, if required.

(c) Fuel tanks and liquid tanks are tested with water at a
pressure equal to a stand-pipe of 2,40 m above the
uppermost point of the compartment.

Fuel and liquid tanks are also to be able, without break-
ing, to withstand the forces produced by the movement
of liquids in case of collision as mentioned in C3A2.7.8.

C3A25 Load factors
C3A25.1 General
A Load factors are increasing coefficients used

to determine, on the basis of nominal static loads, the
dynamic forces supported by the structure, referred to as
basic loads.

2 These coefficients depend on actual move-
ments of air-cushion vehicle, speed, acceleration, turning,
etc. and on movements imposed on the craft due to external
factors such as wave, wave impact or gusts of wind.

3 Load factors are estimated on the basis of
various accelerations for which reference values are speci-
fied in C3A2.5.2 and C3A2.5.3 below.
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C3A25.2 Accelerations under normal service
conditions
1 For the calculation of local forces, including

those resulting from liquid loads, acceleration can be at
least any of the values between the following limits:

= from 0,7 g upwards to 0,8 g downwards in addition with
gravity,

-« from 0,5 g afterwards to 1,0 g forwards,

= from 0,5 g on one side to 0,5 g on the other side.

2 The preceding values apply to air-cushion
vehicles for “open sea” or “restricted open sea” service.

3 Reductions may be allowed for craft for
“moderate environment” or “smooth sea” service (see
C3.3.1).

C3A25.3 Accelerations in the event of collision

1 The relevant authorities require certain
installations and connections to be capable of withstanding
the forces resulting from such more severe accelerations
than the preceding in C3A2.5.2.

2 The values to be taken into account are:
« from 3 g upwards to 4 g downwards,
= from 0 gto 6 g forwards,
= from 0 g to 3 g afterwards,

= from 0 g to 3 g sideways.

C3A2.5.4 Application procedure

1 For certain calculations, a combination of
accelerations in several directions needs to be considered,
but the final acceleration value is not to exceed:

= 1 g for horizontal accelerations in normal service,

= 6 g for accelerations in the event of collision.

2 The directions mentioned in C3A2.5.2,
C3A2.5.3 and C3A2.5.4 refer to inertia forces which tend to
displace each mass in relation to the entire air-cushion
vehicle.

3 The vertical and transverse accelerations
indicated in C3A2.5.2 can, if necessary, be modified in
agreement with the Society, at the designer’s request, pro-
vided that a complete file is submitted with sufficient
experimental justifications.

These values can also vary depending for which part the
scantlings are to be calculated and its location in relation to
the craft’s centre of gravity.

4 In certain specific cases, the load factor can
be considered as equal to 1, for example when the forces
applied are constant or vary slowly (jacking operations, tra-
versing operations at low speed, etc.).
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5 The basic loads due to dynamic forces are
loads which easily occur in service under the worst
intended conditions.

They are deducted from nominal static loads by means of
the appropriate load factors.

C3A2.6 Strength limits and safety
coefficients
C3A2.6.1 General
A Strength limits

(@) Strength limits are increasing factors applied to basic
loads, to account for exceptional overloads incurred by
the structure under critical foreseen conditions.

(b) Strength limits also help to provide for part of the doubt
inherent in calculation theories or methods.

(c) Basic loads multiplied by strength limits give the maxi-
mum loads that the structure has to withstand without
incurring permanent distortions.

2 Safety coefficients

(a) Safety coefficients take into account:
= uncertainties inherent in certain assumptions,
e more or less accurate calculation methods,

= flaws and allowances accepted for materials and
assembling procedures,

= residual manufacturing stresses,

e variations, in time, in the characteristics of certain
materials,

= strength reductions due to corrosion or scoring
caused by the surrounding environment.

(b) Maximum loads multiplied by relevant safety coeffi-
cients define the most extreme loads that the structure is
to be capable of withstanding without breaking or col-
lapsing, while incurring possible permanent distortions.

C3A2.6.2 Summary table

A Table C3A2.1 summarises the methods for
load calculations.

Table C3A2.1 - Load calculation methods

1 - Nominal static load x Load factor = basic load

2 - Basic load x Strength limit = maximum load

3 - Maximum load x Safety coefficient = extreme load
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2 The basic load corresponds to the worst
intended conditions. The maximum load corresponds to the
critical design conditions.

C3A2.6.3 Numerical values

1 Values of strength limits and safety coeffi-
cients are determined by the designer in agreement with the
Society.

2 Strength limits may vary depending on the
importance of the part for which scantlings are to be calcu-
lated, and the type of loads applied.

In general, strength limits may not exceed 1,5.

3 In general, the safety coefficients are consid-
ered as equal to 1,5.

However, the accelerations indicated in C3A2.5.3, in the
event of collisions, are the most extreme values, so that the
resulting loads are also extreme loads (safety coefficient
equal to 1).

Higher values may, nevertheless, be required (recom-
mended value: 2) for parts subject to extremely
concentrated forces such as hoisting, trucking, towing and
anchoring points.

C3A2.7 Cases of scantlings
C3A2.7.1 General
1 Loads to be applied to the structure are

determined by considering the air-cushion vehicle in the sit-
uations outlined in C3A2.7.1.2 and C3A2.7.1.3.

2 Situations corresponding to normal service
under specific limit conditions determine general structure
scantlings.

3 Exceptional situations are taken into account
only to determine scantlings of parts which are directly
involved, and their connections to the structures.

A4 Depending on the scantling case, the result-
ing loads are either basic loads or maximum loads (extreme
loads in collision situations).

C3A2.7.2 Flying situation
1 The different flying situations are:
« on still water,

« on head waves,
= 0on abeam waves,

= on diagonal waves.
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2 The transient stages, involving a changeover
from one of the preceding elementary situations to another,
are also to be considered.

The flying situation on still water is, in particular, to make it
possible to determine the forces generated by operations
under the most severe conditions, as a result of:

= speed,

= accelerations or decelerations,

= lifting height,

= turning and yawing characteristics,
= trim and heeling variations.

3 The envelope of maximum forces is obtained
by considering all loading cases defined on the operating
manual, as well as maximum speeds authorised, depending
on various wave heights up to the maximum design height.

A4 The different cases above determine:

= general forces of overall longitudinal and transverse
bending, as well as overall tension and corresponding
shear forces,

= local forces produced by wave impacts, gusts of wind,
propelling machinery, skirt connections, etc.

C3A2.7.3 Floating situation
A The different floating situations to be consid-
ered are:

= on still water,
« on head waves,
= on abeam waves,

= on diagonal waves (line of wave crests almost parallel to
one of the craft’s diagonals).

2 All loading cases defined in the operating
manual are to be considered, as for flying situations.

3 The speed to be considered is either the max-
imum self-propelling speed, if this possibility exists, or else
the maximum towing speed.

4 The above cases determine both general and
corresponding local forces.

C3A2.7.4 Landing

A This refers to amphibious air-cushion vehi-
cles normally parking on land.

2 The worst landing case is defined by the fol-
lowing parameters:

= maximum lifting height,
= highest possible descending speed,

= worst mass, trim, heeling and horizontal speed condi-
tions (e.g. asymmetrical landing supports, gusts of
wind).
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3 This case determines local forces applied to
landing-gear connecting points.
It can also determine certain general forces, in particular for
torsion resulting from asymmetrical landing supports.

C3A2.75 Hoisting

1 This case affects the scantlings of hoisting
points and their connections to the structure (distribution of
concentrated forces).

2 It also to be checked that this case does not
generate general bending or torsional forces (asymmetrical
hoisting) leading to stresses that exceed allowable values.

3 The maximum authorized mass for hoisting
is to be determined by the designer and indicated in the
maintenance manual.

C3A2.7.6 Trucking

1 This case determines the scantlings of the
trucking contact pieces and their attachments to the struc-
ture (local forces).

2 The verification required in C3A2.7.5 is also
to be carried out.

3 The maximum authorized mass for trucking
is to be determined by the designer and indicated in the
maintenance manual.

C3A2.7.7 Anchoring - Mooring - Towage

1 These situations determine the concentrated
forces applied to points of ground or quay anchoring and
mooring, together with towage.

2 They can also affect the scantlings of some
parts of the structure subjected to aerodynamic forces, and
loads, if any, due to accumulated snow and/or ice (see
C3A2.4.3.3 and C3A2.4.3.4).

3 The maximum authorized forces to be
applied at the preceding points are equal to the respective
breaking loads of anchor, mooring and towing cable lines.

C3A2.7.8 Collisions

1 It is to be checked that certain parts of the
structure, equipment and components are capable of with-
standing the exceptional dynamic forces resulting from a
collision.

2 These verifications comprise, without being
confined, to:

= scantlings of engine foundations, seatings and gantries
of propelling installation,

= structure at connecting points of these parts,
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= cargo and luggage lashing points,

= vehicle wedging and securing points,

= securing arrangements of passenger seats,

« fuel and lube oil tanks, integrated or not (motions of

liquids).

3 The forces are deduced from the accelera-
tions mentioned in C3A2.5.3. They correspond to extreme
loads.

C3A2.8 Allowable stresses
C3A238.1 General
A The maximum allowable stresses for a spe-

cific material or construction are deduced from the
minimum corresponding mechanical properties, deter-
mined through tests.

2 The strength of the various parts of the struc-
ture and associated connections is checked by means of
static strength calculations, according to yield stress, tensile
strength or buckling, whichever is the most severe.

3 Computer calculations are to satisfy the indi-
cations in C3A2.3.2.

4 The various stresses in a structural part are
calculated on the basis of the different cases of scantlings
defined in C3A2.7.

Suitable combinations are to be operated at each point. In
particular, stresses due to both general and local forces are
to be considered.

5 Resulting stress values are to be corrected to
account for:

* stress concentration around cutouts and discontinuities
in plates and stiffeners,

« local deterioration of mechanical properties around
connections (e.g. welded or glued joints).

C3A2.8.2 Verifications based on extreme loads

A Breaking

(@) Application of extreme loads to the structure allows
maximum elementary stresses at each point of a struc-
tural part or a construction to be calculated.

(b) If the total stress resulting from the appropriate combi-
nation of elementary stresses at any point is a pulling
force, it may not, under any circumstances, exceed the
minimum breaking load at this point.

GL 2002

Section 3

Structures Chapter 1

2 Bucking

(@) If the total stress resulting from the appropriate combi-
nation of elementary stresses at any point is a
compressive force, it may not, under any circumstances,
exceed the collapse limit (general buckling) at this
point.

(b) The collapse limit is to be determined, if required, on

the basis of reduced elasticity modulus values of materi-
als (corrected accordingly to the corresponding
Poisson’s ratio).
The moments of inertia are, themselves, to be reduced,
to take into account only the “equivalent width” of
plates (width capable of bearing the general buckling
rate without local buckling).

C3A2.8.3 Verification based on maximum loads

1 Application of maximum loads to the struc-
ture allows corresponding elementary stresses at each point
of a structural part or a construction to be calculated.

2 The total stress resulting from the appropriate
combination of elementary stresses at any point may not be
more that the least of the following values:

= minimum conventional yield stress of the material or
construction,

= minimum breaking load of the material or construction
divided by 1,5.

C3A28.4 Verification based on basic loads

A No systematic verification is made for basic
loads.

2 However, since these loads are supported by

the structure in normal service, they can be used to check
the fatigue strength of certain components or constructions.

C3A2.9 Distortions
C3A29.1 Distortions under maximum loads
A No permanent distortions are to remain after

application of maximum loads.

2 Each structural component is to be so
designed that the distortions sustained can in no way affect
the good working order of the other components of the air-
cushion vehicle.

C3A2.9.2 Distortions under extreme loads

A Permanent distortions under extreme loads
may be accepted, provided that neither the craft’s safety nor
proper operation of its main components is affected.
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ANNEX 7

1 Stability criteria in the intact
condition

A multihull craft, in the intact condition, shall have sufficient
stability when rolling in a seaway to successfully withstand
the effect of either passenger crowding or high-speed turn-
ing as described in 1.4. The craft's stability shall be
considered to be sufficient provided compliance with this
paragraph is achieved.

1.1 Area under the GZ curve

The area (A,) under the GZ curve up to an angle @ shall be
at least:

A, =0.055 x 30°/ 6(m.rad)
where @is the least of the following angles:

.1 the downflooding angle;

.2 the angle at which the maximum GZ occurs;
and

.3 30°
1.2 Maximum GZ

The maximum GZ value shall occur at an angle of at least
10°

1.3 Heeling due to wind

The wind heeling lever shall be assumed constant at all
angles of inclination and shall be calculated as follows:

HL, =P,AZ /(9800 4) (m)
HL, = 1.5 HL, (m) (see figure 1)

where:

P, =500 (Vy/ 26)% (N/m?)

where:

Vi : wind speed corresponding to the worst
intended conditions (m/s)

A . projected lateral area of the portion of the craft
above the lightest service waterline (m?)

z : vertical distance from the centre of A to a point
one half the lightest service draught (m)

A . displacement (t).
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1.4 Heeling due to passenger crowding or
high-speed turning

Heeling due to the crowding of passengers on one side of
the craft or to high-speed turning, whichever is the greater,
shall be applied in combination with the heeling lever due
to wind (HL,).

1.4.1 Heeling due to passenger crowding

When calculating the magnitude of the heel due to passen-
ger crowding, a passenger crowding lever shall be
developed using the assumptions stipulated in 2.10 of this
Code.

1.4.2 Heeling due to high-speed turning

When calculating the magnitude of the heel due to the
effects of high-speed turning, a high-speed turning lever
shall be developed using either the following formula or an
equivalent method specifically developed for the type of
craft under consideration, or trials or model test data:

R 2
where
TL : turning lever (m)
V, : speed of craft in the turn (m/s)
R : turning radius (m)
KG . height of vertical centre of gravity above keel
(m)
d : mean draught (m)
g :acceleration due to gravity.
1.5 Rolling in waves (figure 1)

The effect of rolling in a seaway upon the craft's stability
shall be demonstrated mathematically. In doing so, the
residual area under the GZ curve (A,), i.e. beyond the angle
of heel (8,), shall be at least equal to 0.028 m.rad up to the
angle of roll 8. In the absence of model test or other data 6,
shall be taken as 15°or an angle of (8, — 6,), whichever is
less.

GL 2002



|-Part3 Annex 7 Chapter 1
Figure 1 Intact stability
N\ Ay Ay
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HTL HTL
| HL, 6 _ o
0, 64 6, . 30° 0, 0y 0, 0y
not greater than 10°
Figure 2 Damage stability
A2
HL, HL,
| HL, - 6, >
|
/ |
I 1 1
9eeh 6 Oh 8
not greater than 15° for passenger craft and 20° for cargo craft
2 Criteria for residual stability after A : projected lateral area of the portion of the ship
damage above the lightest service waterline (m?)
4 . vertical distance from the centre of A to a point

2.1 The method of application of criteria to the one half of the lightest service draught (m)

residual stability curve is similar to that for intact stability
except that the craft in the final condition after damage shall
be considered to have an adequate standard of residual sta-
bility provided:

.1 the required area A,shall be not less than
0.028 m.rad (figure 2 refers); and

2 there is no requirement regarding the angle
at which the maximum GZ value shall occur.

22 The wind heeling lever for application on the
residual stability curve shall be assumed constant at all
angles of inclination and shall be calculated as follows:

HL; = P4 A Z /(9800 A)
where:

Py = 120 (V,, / 26)2 (N/m?)

Vi : wind speed corresponding to the worst

intended conditions (m/s)
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A : displacement (t).

23 The same values of roll angle shall be used as
for the intact stability.

24 The downflooding point is important and is
regarded as terminating the residual stability curve. The
area A, shall therefore be truncated at the downflooding
angle.

2.5 The stability of the craft in the final condition
after damage shall be examined and shown to satisfy the cri-
teria, when damaged as stipulated in 2.6 of this Code.

26 In the intermediate stages of flooding, the
maximum righting lever shall be at least 0.05 m and the
range of positive righting lever shall be at least 7° In all
cases, only one breach in the hull and only one free surface
need to be assumed.
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3 Application of heeling levers
3.1 In applying the heeling levers to the intact

and damaged curves, the following shall be considered:

3.1.1 for intact condition:

1 wind heeling lever (including gusting effect)
(HL); and

2 wind heeling lever (including gusting effect)

plus either the passenger crowding or speed turning levers
whichever is the greater (HTL).

3.1.2 for damage condition:
.1 wind heeling lever-steady wind (HL;); and
2 wind heeling lever plus heeling lever due to

passenger crowding (HL,)

3.2 Angles of heel due to steady wind

3.2.1 The angle of heel due to a wind gust when
the heeling lever HL,, obtained as in 1.3, is applied to the
intact stability curve shall not exceed 10°
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3.22 The angle of heel due to a steady wind when
the heeling lever HL;, obtained as in 2.2, is applied to the
residual stability curve after damage, shall not exceed 15°
for passenger craft and 20 °for cargo craft.

Abbreviations used in figures 1 and 2

A, : 2> Arearequired by 1.1

A, ;2 0.028 m.rad.

HL, : Heeling lever due to wind + gusting

HTL : Heeling lever due to wind + gusting + (passen-
ger crowding or turning)

HL; : Heeling lever due to wind

HL, . Heeling lever due to wind + passenger crowd-
ing

6 : Angle of maximum GZ

6y : Angle of downflooding

6 : Angle of roll

6, : Angle of equilibrium, assuming no wind, pas-
senger crowding or turning effects

4, . Angle of heel due to heeling lever HL,, HTL, HL;
or HL,
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2.3 The test referred to in 2.1.3 shall document
that the accelerations do not exceed safety level 2 in annex
3 when control levers of automatic modes are used in a
manner which will give the highest accelerations. If safety
level 2 is exceeded then the craft operating manual shall
include a warning that it is a risk to passengers being
injured, if a crash stop is performed.

24 Other tests shall be repeated during craft
turning to establish the need or otherwise to impose any
speed-related restrictions during manoeuvres.

3 Cruise performance

3.1 This test is to establish the craft performance
and accelerations experienced during cruise modes with no
passenger load or cargo load during the following
conditions:

.1 normal operation conditions are those in
which the craft will safely cruise at any heading while manu-
ally operated, auto-pilot assisted operated or operated with
any automatic control system in normal mode; and

.2 worst intended conditions, referred to in
1.4.57 of this Code, are those in which it shall be possible to
maintain safe cruise without exceptional piloting skill. How-
ever, operations at all headings relative to the wind and sea
may not be possible. For type of craft having a higher per-
formance standard in non-displacement mode, the
performance and accelerations shall also be established at
displacement mode during operation in the worst intended
condition.

3.2 Operation levels, as defined in 3.1, shall be
established and documented by full-scale tests in at least
two relevant sea conditions and in head, beam and follow-
ing seas. It shall be shown that the period of every test (run)
and the number of series are sufficient for achieving reliable
measurements. In every sea state tested, the aggregate time
in each direction shall not be less than 15 min. Model tests
and mathematical simulations could be used to verify the
performance in the worst intended conditions.

Limits for normal operation condition shall be documented
by measurements of craft speed, heading to the wave and
interpolation of measurements of maximum horizontal
accelerations in accordance with 2.4 of annex 3. Measure-
ment of wave height and period shall be made to the
maximum extent practicable.

Limits for worst intended condition shall be documented by
measurements of craft speed, wave height and period,
heading to the wave and by root mean square (RMS) values
of horizontal accelerations in accordance with 2.4 of annex
3 and of vertical accelerations close to the craft longitudinal
centre of gravity. RMS values could be used for extrapola-
tion of peak values. To obtain the expected peak values
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related to structural design load and safety levels (one per
5-min exceedance), multiply the RMS values by 3.0 or

C = .2 -InN
where:
N . is the number of successive amplitudes within

the relevant period.

If not otherwise verified by model tests or by mathematical
calculations, it might be assumed a linear relation between
wave height and accelerations based on measurements in
the two sea conditions. Limits for worst intended condition
shall be documented both related to passenger safety in
accordance with 2.4 of annex 3 and related to the actual
structural design load of the craft.

3.3 The tests and verification process shall docu-
ment the limiting seas for safe operation of the craft:

.1 in normal operation at maximum operational
speed the accelerations shall not exceed safety level 1 in
annex 3 with an average of one per 5-min period. The craft
operating manual shall include detailed description of the
effects of speed reduction or change of heading to the
waves in order to prevent exceedance;

2 in the worst intended conditions, with
reduced speed as necessary, the accelerations shall not
exceed safety level 2 in annex 3 with an average of one per
5-min period, nor shall any other craft characteristic motion
as pitch, roll and yaw exceed levels that could impede the
safety of passengers. In worst intended conditions, with
reduced speed as necessary, craft shall be safely manoeu-
vrable and provide adequate stability in order that the craft
can continue safe operation to the nearest place of refuge,
provided caution is exercised in handling. Passengers shall
be required to be seated when safety level 1 in annex 3 is
exceeded; and

.3 within the actual structural design load for
the craft, with reduced speed and change of heading, as
necessary.

3.4 Turning and manoeuvrability

The craft shall be safely controllable and manoeuvrable
during:

.1 hull-borne operation;

2 operation in non-displacement mode;

.3 take-off, landing;

4 any intermediate or transition modes, as

applicable; and

.5 berthing operations, as applicable.
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4 Effects of failures or malfunction
4.1 General

The limits of safe operation, special handling procedures
and any operational restrictions shall be examined and
developed as a result of full-scale trials conducted by simu-
lating possible equipment failures.

The failures to be examined shall be those leading to major
or more severe effects as determined from evaluation of
FMEA or similar analysis.

Failures to be examined shall be agreed between the craft
manufacturer and the Administration and each single failure
shall be examined in a progressive manner.

4.2 Objects of tests

Examination of each failure shall result in:

.1 determining safe limits of craft operation at
the time of failure, beyond which the failure will result in
degradation beyond safety level 2;

2 determining crew member's actions, if any,
to minimize or counter the effect of the failure; and

.3 determining craft or machinery restrictions to
be observed to enable the craft to proceed to a place of ref-
uge with the failure present.

4.3 Failures to be examined

Equipment failures shall include, but not be limited to, the
following:
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1 total loss of propulsion power;
2 total loss of lift power (for ACV and SES);
.3 total failure of control of one propulsion
system;
4 involuntary application of full propulsion

thrust (positive or negative) on one system;

5 failure of control of one directional control
system;
.6 involuntary full deflection of one directional

control system;
.7 failure of control of trim control system;

.8 involuntary full deflection of one trim control
system element; and

.9 total loss of electrical power.

Failures shall be fully representative of service conditions
and shall be simulated as accurately as possible in the most
critical craft manoeuvre where the failure will have maxi-
mum impact.

4.4 “Dead ship” test

In order to establish craft motions and direction of laying to
wind and waves, for the purposes of determining the condi-
tions of a craft evacuation, the craft shall be stopped and all
main machinery shut down for sufficient time that the craft's
heading relative to wind and waves has stabilized. This test
shall be carried out on an opportunity basis to establish pat-
terns of the design's “dead ship” behaviour under a variety
of wind and sea states.
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CRITERIA FOR TESTING AND EVALUATION OF

REVENUE AND CREW SEATS

1 Purpose and scope

The purpose of these criteria is to provide requirements for
revenue and crew seats, seat anchorage and seat accesso-
ries and their installation to minimize occupant injury
and/or disruption of egress/ingress if the craft suffers a
collision.

2 Static seat tests

2.1 The requirements of this section are applica-
ble to all crew and revenue seats.

22 All seats to which this paragraph applies,
along with their supports and deck attachments, shall be
designed to withstand at least the following static forces
applied in the direction of the craft:

.1 Forward direction: a force of 2.25 kN,

2 After direction: a force of 1.5 kN,

.3 Transverse direction: a force of 1.5 kN,

4 Vertically downward: a force of 2.25 kN, and
.5 Vertically upward: a force of 1.5 kN.

A seat shall comprise a frame, bottom and back. Forces
applied in the fore or aft direction of the seat shall be
applied horizontally to the seat back 350 mm above the
seat bottom. Forces applied in the transverse seat direction
shall be applied horizontally to the seat bottom. Vertical
upward forces shall be evenly distributed to the corners of
the seat bottom frame. Vertical downward forces shall be
uniformly distributed over the seat bottom.

If a seating unit consists of more than one seating position,
these forces shall be applied at each seating position con-
currently during the tests.

2.3 When the forces are applied to a seat, con-
sideration shall be given to the direction in which the seat is
to face in the craft. For example, if the seat faces sideways,
the transverse craft force would be applied fore and aft on
the seat and the forward craft force would be applied trans-
versely on the seat.

24 Each seating unit to be tested shall be
attached to the support structure similar to the manner in
which it will be attached to the deck structure in the craft.
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Although a rigid support structure can be used for these
tests, a support structure, having the same strength and stiff-
ness as the support structure in the craft, is preferred.

25 The forces described in 2.2.1 to 2.2.3 shall
be applied to the seat through a cylindrical surface having a
radius of 80 mm and a width at least equal to the width of
the seat. The surface shall be equipped with at least one
force transducer able to measure the forces applied.

2.6 The seat shall be considered acceptable if:

1 under the influence of the forces referred to
in 2.2.1 to 2.2.3, the permanent displacement measured at
the point of application of the force is not more than 400
mm;

2 no part of the seat, the seat mountings or the
accessories become completely detached during the tests;

3 the seat remains firmly held, even if one or
more of the anchorages is partly detached;

4 all of the locking systems remain locked dur-
ing the entire test but the adjustment and locking systems
need not be operational after the tests; and

.5 rigid parts of the seat with which the occu-
pant may come into contact shall present a curved surface
with a radius of at least 5 mm.

2.7 The requirements of section 3 may be used
in lieu of the requirements of this section provided that the
accelerations used for the tests are at least 3 g.

3 Dynamic seat tests

3.1 The requirements of this section are applica-
ble in addition to those in 2.1 for crew and revenue seats in
craft having a design collision load of 3 g or greater.

3.2 All seats for which this section applies, the
seat supporting structure, the attachment to the deck struc-
ture, the lap belt, if installed, and shoulder harness, if
installed, shall be designed to withstand the maximum
acceleration force that can be imposed upon them during a
design collision. Consideration shall be given to the orienta-
tion of the seat relative to the acceleration force (i.e.
whether the seat is forward-, aft-, or side-facing).
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3.3 The acceleration pulse to which the seat is
subjected shall be representative of the collision time-his-
tory of the craft. If the collision time-history is not known, or
cannot be simulated, the acceleration time-history envelope
shown in the figure can be used.

3.4 In the test frame, each seat unit and its acces-
sories (e.g., lap belts and shoulder harnesses) shall be
attached to the support structure similar to the manner in
which it will be attached in the craft. The support structure
can be a rigid surface; however, a support structure having
the same strength and stiffness as the support structure in
the craft is preferred. Other seats and/or tables with which
an occupant may come in contact during a collision shall be
included in the test frame in an orientation and with a
method of attachment typical of that in the craft.

Figure 1 Acceleration time-history envelope
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-
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3.5 During the dynamic seat test, a fiftieth per-
centile anthropomorphic test dummy, suitable for the test
being conducted, shall be placed in the seat in an upright
seating position. If a typical seating unit is composed of
more than one occupant seat, a test dummy shall be placed
in each occupant seat in the unit. The dummy, or dummies,
shall be secured in the seat unit in accordance with proce-
dures of recognized national standards (see note) and be
secured using only the lap belt and shoulder harness if they
are installed. Tray tables and other such devices shall be
placed in the position that would cause the greatest poten-
tial for an occupant to become injured.

Note: Refer to ECE 80 with addendum 79. Other national stand-
ards may be acceptable.

3.6 The test dummy shall be instrumented and
calibrated, in accordance with the requirements of a recog-
nized national standard, so as to permit, as a minimum,
calculation of the head injury criterion, calculation of the
thoracic trauma index, measurement of force in the femur,
and measurement, if possible, of extension and flexion of
the neck.

3.7 If more than one dummy is used in the tests,
the dummy located in the seat having the highest potential
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for an occupant to be injured shall be the one instrumented.
The other dummy or dummies need not be instrumented.

3.8 The tests shall be conducted and the instru-
mentation shall be sampled at a rate sufficient to reliably
show response of the dummy in accordance with the
requirements of a recognized national standard.

Note: Refer to the specifications of International Standard ISO
6487-Technique of measurement in impact tests (1987) or SAE
J211-Instrumentation.

3.9 The seat unit tested in accordance with the
requirements of this section shall be considered acceptable
if:

.1 the seat unit and tables installed in the seat
unit or area do not become dislodged from the supporting
deck structure and do not deform in a manner that would
cause the occupant to become trapped or injured;

.2 the lap belt, if installed, remains attached
and on the test dummy's pelvis during the impact. The
shoulder harness, if installed, remains attached and in the
immediate vicinity of the test dummy's shoulder during the
impact. After the impact, the release mechanisms of any
installed lap belt and shoulder harness shall be operative;

.3 the following acceptability criteria are met:

.3.1 the head injury criterion (HIC), calculated in
accordance with the formula, does not exceed
500

t, 25
HIC = (tztl)[tit Ia(t)dt}
2 1
4

where:

t, and t, are the beginning and ending times (in
seconds) of the interval in which the HIC is a
maximum. The term a(t) is the resultant meas-
ured acceleration in the head of the dummy in
g

.3.2 the thoracic trauma index (TTI), calculated in
accordance with the formula, does not exceed
30 g except for periods totalling less than 3 ms
TTl = (gr + 9i5) / 2 or acceleration at the centre

of gravity

where:

Or . is the acceleration in g of either the
upper or lower rib;

Ois . is the acceleration in g of the lower

spine; and

.3.3 the force in the femur does not exceed 10 kN
except that it cannot exceed 8 kN for periods
totalling more than 20 ms; and

4 loads on the upper torso harness straps do

not exceed 7.8 kN or a total of 8.9 kN if dual straps are
used.
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1 General
1.1 All open reversible liferafts shall:
.1 be constructed with proper workmanship

and materials;

2 not be damaged in stowage throughout the
air temperature range of -18°C to +65°C;

.3 be capable of operating throughout an air
temperature range of -18°C to +65 °C and a seawater tem-
perature range of -1°C to +30° C;

4 be rot-proof, corrosion-resistant and not be
unduly affected by seawater, oil or fungal attack;

.5 be stable and maintain their shape when
inflated and fully laden; and

.6 be fitted with retro-reflective material, where
it will assist in detection, and in accordance with the recom-
mendations adopted by the Organization.

Note: Refer to the Recommendation on the Use and Fitting of
Retro-Reflective Materials on Life-Saving Appliances, adopted by
the Organization by resolution A.658(16).

2 Construction

2.1 The open reversible liferaft shall be so con-
structed that when it is dropped into the water in its
container from a height of 10 m, the liferaft and its equip-
ment will operate satisfactorily. If the open reversible liferaft
is to be stowed at a height of more than 10 m above the
waterline in the lightest seagoing condition, it shall be of a
type which has been satisfactorily drop-tested from at least
that height.

22 The open reversible floating liferaft shall be
capable of withstanding repeated jumps on to it from a
height of at least 4.5 m.

2.3 The open reversible liferaft and its fittings
shall be so constructed as to enable it to be towed at a
speed of 3 knots in calm water when loaded with its full
complement of persons and equipment, with the sea-
anchor deployed.
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24 The open reversible liferaft when fully
inflated shall be capable of being boarded from the water
whichever way up it inflates.

2.5 The main buoyancy chamber shall be
divided into:
1 not less than two separate compartments,

each inflated through a nonreturn inflation valve on each
compartment; and

.2 the buoyancy chambers shall be so arranged
that in the event of one of the compartments being dam-
aged or failing to inflate, the intact compartment shall be
able to support, with positive freeboard over the open
reversible liferaft's entire periphery, the number of persons
which the liferaft is permitted to accommodate, each having
a mass of 75 kg and seated in their normal positions.

2.6 The floor of the open reversible liferaft shall
be waterproof.

2.7 The open reversible liferaft shall be inflated
with a non-toxic gas by an inflation system complying with
the requirements of paragraph 4.2.2 of the LSA Code. Infla-
tion shall be completed within the period of one minute at
an ambient temperature of between 18°C and 20°C and
within a period of three minutes at an ambient temperature
of —18° C. After inflation the open reversible liferaft shall
maintain its form when loaded with its full complement of
persons and equipment.

2.8 Each inflatable compartment shall be capa-
ble of withstanding a pressure equal to at least three times
the working pressure and shall be prevented from reaching
a pressure exceeding twice the working pressure either by
means of relief valves or by a limited gas supply. Means
shall be provided for fitting the topping-up pump or
bellows.

29 The surface of the buoyancy tubes shall be of
non-slip material. At least 25% of these tubes shall be of a
highly visible colour.

2.10 The number of persons which an open
reversible liferaft shall be permitted to accommodate shall
be equal to the lesser of:

.1 the greatest whole number obtained by
dividing by 0.096 the volume, measured in cubic metres, of
the main buoyancy tubes (which for this purpose shall not
include the thwarts, if fitted) when inflated; or
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.2 the greatest whole number obtained by
dividing by 0.372 the inner horizontal cross-sectional area
of the open reversible liferaft measured in square metres
(which for this purpose may include the thwart or thwarts, if
fitted) measured to the innermost edge of the buoyancy
tubes; or

.3 the number of persons having an average
mass of 75 kg, all wearing lifejackets, that can be seated
inboard of the buoyancy tubes without interfering with the
operation of any of the liferaft's equipment.

3 Open reversible liferaft fittings

3.1 Lifelines shall be securely becketed around
the inside and outside of the open reversible liferaft.

3.2 The open reversible liferaft shall be fitted
with an efficient painter of a length suitable for automatic
inflation on reaching the water. For open reversible liferafts
accommodating more than 30 persons an additional bows-
ing-in line shall be fitted.

3.3 The breaking strength of the painter system,
including its means of attachment to the open reversible lif-
eraft, except the weak link required by paragraph 4.1.6.2 of
the LSA Code, shall be:

.1 7.5 kN for open reversible liferafts accommo-
dating up to 8 persons;

.2 10.0 kN for open reversible liferafts accom-
modating 9 to 30 persons; and

.3 15.0 kN for open reversible liferafts accom-
modating more than 30 persons.

3.4 The open reversible liferaft shall be fitted
with at least the following number of inflated ramps to assist
boarding from the sea whichever way up the raft inflates:

.1 one boarding ramp for open reversible lifer-
afts accommodating up to 30 persons; or

2 two boarding ramps for open reversible lifer-
afts accommodating more than 30 persons; such boarding
ramps shall be 180 °apart.

3.5 The open reversible liferaft shall be fitted
with  water pockets complying with the following
requirements:

.1 the cross-sectional area of the pockets shall
be in the shape of an isosceles triangle with the base of the
triangle attached to the buoyancy tubes of the open reversi-
ble liferaft;
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2 the design shall be such that the pockets fill
to approximately 60% of capacity within 15 s to 25 s of
deployment;

.3 the pockets attached to each buoyancy tube
shall normally have aggregate capacity of between 125 |
and 150 | for inflatable open reversible liferafts up to and
including the 10-person size;

4 the pockets to be fitted to each buoyancy
tube on liferafts certified to carry more than 10 persons shall
have, as far as practicable, an aggregate capacity of
12 N litres, where N is the number of persons carried;

.5 each pocket on a buoyancy tube shall be
attached so that when the pocket is in the deployed posi-
tion it is attached along the full length of its upper edges to,
or close to, the lowest part of the lower buoyancy tube; and

.6 the pockets shall be distributed symmetri-
cally round the circumference of the liferaft with sufficient
separation between each pocket to enable air to escape
readily.

3.6 At least one manually controlled lamp com-
plying with the requirements shall be fitted on the upper
and lower surfaces of the buoyancy tubes.

3.7 Suitable automatic drain arrangements shall
be provided on each side of the floor of the liferaft in the fol-
lowing manner:

1 one for open reversible liferafts accommodat-
ing up to 30 persons; or

.2 two for open reversible liferafts accommo-
dating more than 30 persons.

3.8 The equipment of every open reversible lifer-
aft shall consist of:

1 one buoyant rescue quoit, attached to not
less than 30 m of buoyant line with a breaking strength of at
least 1 kN;

.2 two safety knives of the non-folding type,
having a buoyant handle, shall be fitted attached to open
reversible liferaft by light lines. They shall be stowed in
pockets so that, irrespective of the way in which the open
reversible liferaft inflates, one will be readily available on the
top surface of the upper buoyancy tube in a suitable posi-
tion to enable the painter to be readily cut;

.3 one buoyant bailer;
4 two sponges;
.5 one sea-anchor permanently attached to the

open reversible liferaft in such a way as to be readily
deployable when the open reversible liferaft inflates. The
position of the sea-anchor shall be clearly marked on both
buoyancy tubes;

285



Chapter 1 Annex 11
.6 two buoyant paddles;
.7 one first-aid outfit in a waterproof case capa-
ble of being closed tightly after use;
.8 one whistle or equivalent sound signal;
.9 two hand flares;
.10 one waterproof electric torch suitable for

Morse signalling together with one spare set of batteries and
one spare bulb in a waterproof container;

.11 one repair outfit for repairing punctures in
buoyancy compartments; and

.12 one topping-up pump or bellows.
3.9 The equipment specified in 3.8 is designated
an HSC Pack.
3.10 Where appropriate, the equipment shall be

stowed in a container which, if it is not an integral part of, or
permanently attached to, the open reversible liferaft, shall
be stowed and secured to the open reversible liferaft and be
capable of floating in water for at least 30 min without dam-
age to its contents. Irrespective of whether the equipment
container is an integral part of, or is permanently attached
to, the open reversible liferaft, the equipment shall be read-
ily accessible irrespective of which way up the open
reversible liferaft inflates. The line which secures the equip-
ment container to the open reversible liferaft shall have a
breaking strength of 2 kN or a breaking strength of 3:1
based on the mass of the complete equipment pack, which-
ever is the greater.

4 Containers for open reversible
inflatable liferafts

4.1 The open reversible liferafts shall be packed
in a container that is:

.1 so constructed as to withstand conditions
encountered at sea;

.2 of sufficient inherent buoyancy, when
packed with the liferaft and its equipment, to pull the
painter from within and to operate the inflation mechanism
shall the craft sink; and

.3 as far as practicable, watertight, except for
drain holes in the container bottom.

4.2 The container shall be marked with:

.1 maker's name or trademark;
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2 serial number;

.3 the number of persons it is permitted to
carry;

4 non-SOLAS reversible;

.5 type of emergency pack enclosed;

.6 date when last serviced;

.7 length of painter;

.8 maximum permitted height of stowage above
waterline (depending on drop-test height); and

.9 launching instructions.
5 Markings on open reversible

inflatable liferafts

The open reversible liferafts shall be marked with:

.1 maker's name or trademark;

2 serial number;

.3 date of manufacture (month and year);

4 name and place of service station where it

was last serviced; and

.5 number of persons it is permitted to accom-
modate on the top of each buoyancy tube, in characters not
less than 100 mm in height and of a colour contrasting with
that of the tube.

6 Instructions and information

Instructions and information required for inclusion in the
craft's training manual and in the instructions for on-board
maintenance shall be in a form suitable for inclusion in such
training manual and instructions for on-board maintenance.
Instructions and information shall be in a clear and concise
form and shall include, as appropriate, the following:

1 general description of the open reversible lif-
eraft and its equipment;

2 installation arrangements;

3 operational instructions, including use of
associated survival equipment; and

4 servicing requirements.
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7 Testing of open reversible
inflatable liferafts
7.1 When testing open reversible liferafts in

accordance with the recommendations of resolution
MSC.81(70), part 1:

.1 tests No. 5.5, 5.12, 5.16, 5.17.2, 5.17.10,
5.17.11,5.17.12, 5.18 and 5.20 may be omitted;
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2 the part of test No. 5.8 regarding closing
arrangement may be omitted,

.3 the temperature -30° C in test No. 5.17.3
and 5.17.5 may be substituted with -18° C; and

4 the drop height of 18 m in test No. 5.1.2 may
be substituted with 10 m.

Omittances and substitution, as described above, shall be
reflected in the type approval certificate.
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