Pt B, Ch 4, Sec 3

SECTION 3

Symbols

SF . Safety factor

Rpo,2 : Minimum guaranteed yield stress, in N/mm?
R, : Minimum breaking tensile strength, in N/mm?.
1 General

1.1 Characteristics of materials

1.1.1  Steel and aluminium

The characteristics of the materials to be used in the con-
struction of ships are to comply with the applicable require-
ments of Rule Note NR216 Materials and Welding.

Materials with different characteristics may be accepted,
provided their specification (manufacture, chemical com-
position, mechanical properties, welding, etc.) is submitted
to the Society for approval.

1.1.2 Composites

The mechanical characteristics of a given laminate are
deduced from the theoretical breaking strength of the ele-
mentary layer (reinforcements and resins), as given in [5].

1.2 Admissible stresses

1.2.1 The admissible stress levels are depending on type of
loads.

1.2.2 The admissible stress values are given with reference
made to:

¢ yield stress for steel and aluminium materials
¢ breaking strength for composites materials.

1.2.3 The structure scantlings safety coefficients are taking
into account the admissible stress values.

2 Types of stress

2.1 General

2.1.1 As arule, the notations used for the stresses are:
c . Bending stress, compression or tensile stress
T : Shear stress.

2.1.2 Following index are used depending of types of stress

considered in the present Rules:

Gam Tam © Design admissible values of stresses, as defined
in the present Chapter

c

T Stresses resulting from global loads as defined

in Part B, Chapter 6
Ol Tioe ©  Stresses resulting from local loads as defined in
Part B, Chapter 7

gl 7 ‘gl
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ADMISSIBLE STRESSES

Gum : Combined stress calculated according to Von
Mises criteria for steel or aluminium structures,
and according to Tsai-Wu criteria in case of
composites structures.

3 Steel structures

3.1 Material factor k

3.1.1  General

Unless otherwise specified, the material factor k has the val-
ues defined in Tab 1, as a function of the minimum guaran-
teed yield stress R ,.

For intermediate values of R, factor k may be obtained by
linear interpolation.

Steels with a yield stress lower than 235 N/mm? or greater
than 390 N/mm? are considered by the Society on a case by
case basis.

Table 1 : Material factor k

Rpo2, in N/mm? k
235 1,00
315 0,78
355 0,72
390 0,68

3.2 Admissible stresses

3.2.1 The admissible stresses are calculated on basis of the
yield stress value corresponding to ordinary steel and of
material factor k, as indicated in Tab 2.

3.2.2 The admissible stress values to be considered for
specific component of the structure may be taken different
from the values given in Tab 2. In such a case, the admissi-
ble stress values to be considered are indicated in the dedi-
cated parts of the present Rules, dealing with the specific
component under consideration.

4 Aluminium alloys for hull structure

4.1 Influence of welding on mechanical
characteristics

4.1.1 Welding heat input lowers locally the mechanical
characteristics Ry, and R, of aluminium alloys hardened
by work hardening (series 5000 other than condition 0 or
H111) or by heat treatment (series 6000), where:
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Table 2 : Admissible stresses for steel structures

Structural component considered Design admissible stress (N/mm?)
Ggiam = 0,50 - 235 / k
Tyam = 0,40 - 235/ k
Ggam = 0,50 - 235 / k

Tyam = 0,40 - 235/ k

Type of stress considered

Plating

Global stress induced by longitudinal hull
girder loads (1) (2)

Stiffeners

Safety factor for buckling - plating and stiffeners | SF = 1,8

Plating Glocam = 0,70 - 235 / k
Gloeam = 0,65 - 235 / k
Tiocam = 0,40 - 235/ k

Local stress induced by local hydrodynamic Stiffeners
loads (1) (2)

Safety factor for buckling - plating and stiffeners | SF = 1,8

Von Mises stress Gumam = 0,80 - 235/ k
Plating Gjocam = 0,75 - 235/ k
Glocam = 0,70 - 235 / k
Tioeam = 0,45 - 235 / k
Plating Gjocam = 0,80 - 235/ k
Glocam = 0,80 - 235/ k
Tioeam = 0,45 - 235 / k

Local stress induced by slamming loads on

bottom or by impact pressure on side shells
2 Stiffeners

Local stress induced by tank testing loads or
by exceptional damage loads (2)

Stiffeners

(1) Admissible stress values indicated in this Table may be increased by 10% when a Finite Element Calculation is submitted to the
Society.
(2) Admissible stress values indicated in this Table may be increased by 10% where stainless steels are used.

Rpo,2 ¢ Guaranteed yield stress of the parent metal in When no information is provided by the supplier, the values
delivery condition, in N/mm?, as indicated by of Tab 3 may be used.
the supplier
Rim : Guaranteed tensile strength of the parent metal Table 3 : Aluminium alloys
in delivery condition, in N/mm?, as indicated by As welded mechanical characteristics
the supplier.

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

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

4.1.3 Aluminium alloys of series 5000 in 0 condition
(annealed) or in H111 condition (annealed flattened) are
not subject to a drop in mechanical strength in the welded
areas.

4.1.4 Aluminium alloys of series 5000 other than condition
0 or H111 are subject to a drop in mechanical strength in
the welded areas.

The mechanical characteristics to consider are normally
those of condition 0 or H111.

Higher mechanical characteristics may be taken into
account, provided they are duly justified.

4.1.5 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 considered are nor-
mally indicated by the supplier.
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L Temper
Al [l R’ 1 R, (1
uminium alloy condition po2 (1) m (1
5000 serie Oor H111 Rpo,2 R,
5000 serie Other Values OfQ or H1TI
condition

6005 A

) T50rT6 | 0,45 Ry, | 0,6 Ry,
(Open sections) ’
6005 A

. T50rT6 0,50 R 0,6 R,
(Closed sections) or po2
6061 (Sections) T6 0,53 Ry, 0,6 R,
6082 (Sections) T6 0,45 Ry 0,6 R,
6106 (Sections) T5 0,45 Ry, 0,6 R,
6060 (Sections) (2) T5 0,60 Ry, 0,6 R,

(1) Ry, and R, are defined in [4.1.1].

(2) 6060 alloy is mentioned therein, as it may be proposed
by suppliers. However, this aluminium alloy is not
accepted for yachts structure according to the present
Rules, as it is not to suited to support slamming and
impact loads and generally delivered without minimum
mechanical characteristics guaranteed by the supplier.
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4.2 Extruded plating

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

4.2.2 In general, the application is limited to decks, bulk-
heads, superstructures and deckhouses. Other uses may be
permitted by the Society on a case by case basis.

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

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

4.3 Material factor k

4.3.1 The material factor k for aluminium alloys is to be
obtained from the following formula:

K = 100
R lim

where:

R'lim : Minimum of Ry, and 0,7 - R’,, in N/mm?

R’ ¢ Minimum guaranteed yield stress of the parent
metal in welded condition, in N/mm?, deter-
mined according to [4.1.4] and [4.1.5]

R : Minimum guaranteed tensile strength of the par-

ent metal in welded condition, in N/mm?, deter-
mined according to [4.1.4] and [4.1.5].

4.3.2 In the case of welding of two different aluminium
alloys, the material factor k to be considered for the scant-
lings is the greater material factor of the aluminium alloys of
the assembly.

4.4 Admissible stresses

4.4.1 The admissible stress values are calculated according
to Tab 4.

4.4.2 The admissible stress values to be considered for spe-
cific component of the structure may be taken different from
the values given in Tab 4. In such a case, the admissible
stress values to be considered are indicated in the dedicated
parts of the present Rules, dealing with the specific compo-
nent under consideration.

5 Composites structures

5.1 General

5.1.1 In the present Rules, the design review of composites
structures is based on safety coefficients applied on the the-
oretical breaking stresses of the elementary layers (resin sys-
tems, fibres and reinforcements) used for the full lay-up
laminates.

5.1.2 The theoretical breaking stresses of elementary layers
constituting the full lay-up laminate are to be determined as
indicated in Ch 12, Sec 3, [5].

Theoretical breaking stresses of core materials used for
sandwich laminates are given for general guidance in Ch
12, Sec 2, [4].

5.1.3 The safety factors SF in each elementary layer are
defined as being the ratio between the considered theoreti-
cal breaking stresses as mentioned in [5.1.2] and the
applied stresses.

Table 4 : Admissible stresses for aluminium structures

Type of stress considered

Structural component considered

Design admissible stress (N/mm?)

Plating

Ggiam = 0,5 100/ k
Tyam = 0,45 100/ k

Global stress induced by longitudinal hull

girder loads (1) Stiffeners

Gyom = 0,5 100/ k
Tyam = 0,45 100/ k

Safety factor for buckling - plating and stiffeners | SF = 1,6

Plating

Glocam = 0,75+ 100 / k

Local stress induced by local hydrodynamic | Stiffeners
loads (1)

Gloam = 0,7 100/ k
Tioeam = 0,45 100/ k

Safety factor for buckling - plating and stiffeners | SF = 1,6

Von Mises stress

Gumam = 0,9 100/ k

Plating

Gloeam = 0,8 100/ k

Local stress induced by slamming loads on
bottom or by impact pressure on side shells | stiffeners

Gloam = 0,75 100/ k
Toeam = 0,5 100/ k

Plating

Gloeam = 0,9 100/ k

Local stress induced by tank testing loads or

by exceptional damage loads Stiffeners

Glocam = 0,9 100/ k
Tioeam = 0,5 100/ k

(1) Admissible stress values indicated in above Table may be increased by 10% when a Finite Element Calculation is submitted to

the Society.
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5.2 Types of stress in the elementary layer

5.2.1 Three stresses are considered corresponding to the
loading mode of the fibres:

e Stress parallel to the fibre (longitudinal direction). These
stresses may be tensile stresses or compressive stresses,
and are mostly located as follows:

- in 0° direction of unidirectional tape or fabric rein-
forcement systems

- in 0° and 90° directions of woven roving

In the present Rules, the corresponding notations are:
o1 in case of tensile stress
G rc in case of compressive stress

e Stress perpendicular to the fibre (transverse direction).
These stresses may be tensile stresses or compressive
stresses, and are mostly located as follows:

- in 90° direction of unidirectional tape or combined
fabrics when the set of fibres are stiched together
without criss-crossing

In the present Rules, the corresponding notations are:
- O in case of tensile stress
- Opec in case of compressive stress

e Shear stress parallel to the fibre. These shear stresses
may be found in all type of reinforcement systems

In the present Rules, the corresponding notation is T

5.3 Breaking criteria

5.3.1 Three breaking criteria are used in the present Rules:
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coordinate system, as defined in Ch 12, Sec 3,
[5.2.1]

Opr2 7, Obrz ¢ Theoretical breaking stresses, in N/mm?, respec-
tively in traction and compressive of the individ-
ual layer in the direction 2 of its local
coordinate system as defined in Ch 12, Sec 3,
[5.2.1]

T2 . Theoretical in-plane breaking shear stress, in
N/mm?, of the individual layer as defined in Ch
12, Sec 3, [5.2.1]

SFcs : Minimum admissible safety factor for combined
stresses, as defined in [5.4.2].

Note 1:

For o,, 0,, the values are positive in traction and negative in com-

pressive.

FOr G117/ bt & Obrz 1/ Obrz ¢ the values are to be taken positive in
traction and also in compressive.

5.3.3 It is considered that the full lay-up laminate breaking
strength is reached as soon as the lowest breaking strength
of any elementary layer is reached. This is referred to as
“first ply failure”.

5.4 Safety Coefficients

5.4.1 Application to maximum stress criteria

As a general rule, the minimum admissible safety factor SF
applicable to maximum stress, considered in the present
Rules is to be calculated as follows:

SF=Cy G Ge G

where:

a) maximum stress ?_”te”af leading to the breaking I:)f fthe Cy : Coefficient taking into account the ageing effect
ICompolnen‘t resin/fibre of one elementary layer of the full of the composites. This coefficient is generally
ay-up laminate taken as 1,2 for monolithic laminates (or face-

b) Tsai Wu (or Hoffman) combined stress criteria with the skins laminates of sandwich) and 1,1 for sand-
hypothesis of in-plane stresses wich core materials

) critical buckling stress criteria. Ce . Coefficient taking into account the fabrication

The breaking criteria defined in a) and b) are to be checked procefrsh.and thfg r.eproducél.blllt}/ Olf, tEedfab”C;'

for each individual layer. tion. ‘IS coetticient .IS. irectly linke f[o the

mechanical characteristics to be considered

The breaking criteria defined in c) is to be checked for the during a composites hull construction and is

global laminate. generally taken as 1,2 in case of a prepreg, or

. ) o 1,3 in case of infusion and vacuum process, and
5.3.2 The Tsal Wu (or Hoffmap) cqmblned stress criteria 1,4 in case of a hand lay up process
considered in the present Rules is defined as follows: ) )
C; is taken as 1,0 for the core materials of sand-
c,’ e O ___ 0606 wich composites
Obr1, 7" Obri,c - Obrz1 Opra,c Obri. 1 Obric Cr . Coefficient taking into account the type of load
Obrt.c = Obri7 4 Obc=Obaty 4 T, _1/2>SF carried out by the fibres of the reinforcement
Opt.1" Opric | Opat Opac Tl s fabric. As a rule, this coefficient is taken as:
here: e 2,6 for a tensile or compressive stress paral-
where: lel to the continuous fibre of the reinforce-
Gy, G5, 1o Local stresses in the individual layer, in N/mm?, ment fabric (unidirectional tape, bi-bias,
expressed in local axis, as defined in Ch 12, Sec three unidirectional fabric, woven roving)
4, 14.2.2] e 1,2 for tensile or compressive stress perpen-

Gpr1 1, Obn ¢ Theoretical breaking stresses, in N/mm?, respec- dicular to the continuous fibre of the rein-

tively in traction and compressive, of the indi- forcement fabric (unidirectional tapen bi-
vidual layer in the direction 1 of its local bias, three unidirectional fabric)
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e 2,0 for a shear stress parallel to the fibre in
the elementary layer and for interlaminar
shear stress in the laminate

e 2,5 for a shear stress in the core material of
sandwich laminate

¢ 2,0 whatever the type of stress in an elemen-
tary layer of mat type

G . Coefficient taking into account the type of loads.

C, is be taken equal to 1,0 for hydrodynamic sea

pressure and 0,8 for slamming loads on bottom

or impact pressure on side shell or for test pres-
sure.
Note 1: For structural adhesive joint, see Ch 12, Sec 2, [5.2].

5.4.2 Application to Tsai Wu (or Hoffman) combined
stress criteria

As a general rule, the minimum admissible safety factor

SFcs considered for the combined stress in the present Rules

(determined in [5.3.2]) is to be calculated as follows:

SFes=2,2 Cy Gy
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where:
Cr : Coefficient as defined in [5.4.1]
Cy . Coefficient as defined in [5.4.1]

5.4.3  Application to critical buckling stress criteria

As a general rule, the minimum admissible safety factor SFy
considered in the present Rules is to be calculated as fol-
lows:

SFy=3,8 C;
where:
Ce . Coefficient as defined in [5.4.1].

5.4.4 Additional consideration on safety factors

In some cases, safety factors other than those defined in
[5.4.1], [5.4.2] and [5.4.3] may be accepted for one ele-
mentary layer when the full lay-up laminate exhibits a suffi-
cient safety margin between the theoretical breaking of this
elementary layer and the theoretical breaking of the other
elementary layers.
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