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Section 2
Hull Structures

A. General, Definitions 6. Definitions
1. Notations 6.1 General

) ) Unless noted otherwise, the dimensions according to
11 Restricted serviceranges

For determining the scantlings of the longitudinal and
transverse structures of yachts intended to operate
within one of the restricted service ranges M, K(50),
K(20), and W according to Section 1, A.7., the design
loads may be reduced as specified in the particular
case.

12 Strengthening for navigation in ice

For yachts with 24 m< L <48 m additional require-
ments have to be agreed upon with GL in each indi-
vidual case.

For yachts with L > 48 m reference is made to the GL
Rules Part 1 — Seagoing Ships, Chapter 1—Hull
Structures, Section 15.

1.3 Further notations

Further Class Notations are given in Pat 0-—
Classification and Surveys.

2. Equivalence

Y achts deviating from the GL Rules for Construction
and Classification in their type, equipment or in some
other parts may be classed, provided that their struc-
tures or equipment is found to be equivalent to GL's
requirements for the respective class.

3. Ambient conditions

The ambient conditions including inclinations and
movements of the yacht, its environment as well as
vibrations and noise to be experienced are described in
Section 1, A.8. and A.9.

4, Accessibility
All parts of the hull shall be accessible for survey and
maintenance, as far asfeasible.

5. Stability

The requirements for stability of yachts are defined in
Section 3, D.

6.2 and 6.3 are to be inserted in [m] into the formulae
stated in the following.

6.2 Principal dimensions

6.21 LengthL

The length L of the yacht is the distance on the water-
line at full displacement, from the fore side of the stem
to the centre of the rudder stock. L is not to be less
than 96 % and need not to be greater than 97 % of the
extreme length of the full displacement waterline. In
yachts with unusual stern and bow arrangement, the
length L will be specialy considered.

6.2.2 Length L (accordingtoLLC 66,
MARPOL 73/78, IBC-Code and 1GC-
Code)

The length L isto be taken as 96 % of the total length
on awaterline at 85 % of the least moulded depth H, ,
measured from the top of the keel, or as the length
from the foreside of the stem to the axis of the rudder
stock on that waterline, if that be greater. In yachts
designed with a rake of keel the waterline on which
this length is measured shall be parallel to the design
waterline.

For the definition of the least moulded depth H. see
LLC 66, Annex |, Chapter |, Regulation 3(5).

6.2.3 Length L* (according to SOLAS 74, Chap-
ter 11-1, Reg. 2)

The length L™ of the yacht is the length measured
between perpendiculars taken at the extremities of the
deepest subdivision loadline.

6.2.4  Subdivision length L

Reference is made to the definition in SOLAS 74,
Chapter 11-1, Reg.25 -2.2.1.

6.25 Forward perpendicular FP

The forward perpendicular coincides with the foreside
of the stem on the waterline on which the respective
lengthL, L, L is measured.
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6.2.6  Aft perpendicular AP

The aft perpendicular coincides with a point at the
distance L aft of FP.

6.2.7 BreadthB

The breadth B is the greatest moulded breadth of the
yacht.

Note

The moulded breadth depends on the construction
material of the hull:

- steel and aluminium hull:
referring to inner edge of the shell

- all other materials:
referring to outer edge of the shell

The term "moulded” applies for other dimensions
accordingly.

6.2.8 Depth H

The depth H is the vertical distance, at the middle of
the length L, from the base line to top of the deck
beam at side on the uppermost continuous deck.

In way of effective superstructures, the depth is to be
measured up to the superstructure deck for determin-
ing the yacht’ s scantlings.

6.29 DraughtT

The draught T is the vertical distance, at the middle of
the length L, from base line to full displacement wa-
terline.

6.2.10 Hull draught Ty

The hull draught Ty is the maximum draught of the
canoe body of the yacht.

6.3 Frame spacing a

The frame spacing a will be measured from moulding
edge to moulding edge of frames.

6.4 Block coefficient Cg

Moulded block coefficient at full displacement
draught T, based on the rule length L :

Cg= —2
L 0B OT

O = moulded volume up to the full displacement
waterline [m?]

6.5 Yacht's speed vy

The yacht's speed vq [kn] is the expected maximum
ahead speed of the yacht in cam water, at the full
displacement waterline.

6.6 Moulded displacement A

The moulded displacement A is the weight of the
yacht [t] at draught T.

6.7 Definition of decks

6.7.1  Bulkhead deck

Bulkhead deck is the deck up to which the watertight
bulkheads are carried.

6.7.2 Freeboard deck

Freeboard deck is the deck upon which the freeboard
calculation is based.

6.7.3  Strength deck

Strength deck is the deck or the parts of a deck which
form the upper flange of the effective longitudinal
structure.

6.7.4 Weather deck

All free decks and parts of deck exposed to the sea are
defined as weather decks.

6.7.5 Shdter deck

Decks which are not accessible to guests and which
are not subject to sea pressure. Crew can access such
deck with care and taking account of the admissible
load, which isto be clearly indicated.

6.7.6  Accommodation deck

Accommodation deck is a deck which is not exposed
to the sea and serves as a basis for usual crew or guest
accommodation.

6.7.7  Superstructure deck

The superstructure decks situated immediately above
the uppermost continuous deck are termed forecastle
deck, bridge deck and poop deck.

6.8 Coordinate system

For the description of the yacht’'s geometry the fixed,
right-handed coordinate system 0, X, y, z as defined in
Fig. 2.1 is introduced. The origin of the system is
situated at the aft perpendicular, at centreline and on
the moulded baseline at the yacht's keel. The x-axis
points in longitudinal direction of the yacht positive
forward, the y-axis positive to port and the z-axis
positive upwards. Angular motions are considered
positive in a clockwise direction about the three axes.
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Angles of motion:
[0) roll angle
® = pitch angle

b

yaw angle

Fig. 2.1 Coordinate system and angles of motion

7. Computer programs

7.1 General

7.1.1 In order to increase the flexibility in the
structural design of yachts, GL aso accepts direct
calculations with computer programs. The aim of such
analyses should be the proof of equivalence of a de-
sign with the rule requirements.

7.1.2 Direct caculations may also be used to opti-
mise a design; in this case only the final results are to
be submitted for examination.

7.2 General programs

7.21  The choice of computer programs according
to the "State of the Art" is free. The programs may be
checked by GL through comparative calculations with
predefined test examples. A generally valid approval
for a computer program is, however, not given by GL.
GL reserve theright to refuse computer programs.

7.2.2 Direct caculations may be applied regarding:
- global strength

— longitudinal strength
- beams and grillages

—  strength of structural details

7.2.3  For such calculations, the structural model,
boundary conditions and load cases are to be agreed
upon with GL.

Calculation documents are to be submitted including
input and output. During the examination it may prove
necessary that GL perform independent comparative
calculations.

8. Workmanship

8.1 Requirementsto be complied with by the
manufacturer

8.1.1 Every manufacturing plant participating in a
yacht project must be provided with suitable equip-
ment and facilities to enable proper handling of the
materials, manufacturing processes, structural compo-
nents, etc. GL reserve the right to inspect the plant
accordingly or to restrict the scope of manufacture to
the potential available at the plant.
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The manufacturing plant must have at its disposal
sufficiently qualified personnel. GL must be advised
of the names and areas of responsihility of all supervi-
sory and control personnel. GL reserve the right to
require proof of relevant qualification.

8.1.2 The shipyard or manufacturing plant and its
subcontractors must get approval from GL for the type
of work provided for the manufacture and installation
of yachts. Approval can only be awarded if the condi-
tions defined in detail in the GL Rules Il -Materials
and Welding are fulfilled.

8.1.3 The fabrication sites, stores and their opera-
tional equipment shall comply also with the require-
ments of the relevant Safety Authorities and Profes-
sional Associations. The shipyard or manufacturing
plant is alone responsible for compliance.

8.2 Quality control

8.21 It isrecommended that the shipyard operates
a quality assurance system, like 1SO 9001 or equiva-
lent.

8.22 Asfar as required and expedient, the manu-
facturer’s personnel has to examine all structural com-
ponents both during the manufacture and on comple-
tion, to ensure that they are complete, that the dimen-
sions are correct and that workmanship is satisfactory
and meets the standard of good shipbuilding practice.

823 Upon inspection and corrections by the
manufacturing plant, the structural components are to
be shown to the GL Surveyor for inspection, in suit-
able sections, normally in unpainted condition and
enabling proper access for inspection.

8.24 The Surveyor may reject components that
have not been adequately checked by the plant and
may demand their re-submission upon successful
completion of such checks and corrections by the
plant.

9. Structural details

9.1 Detailsin manufacturing documents

9.1.1  All significant details concerning quality and
functional ability of the components concerned shall
be entered in the manufacturing documents (workshop
drawings, etc.). This includes not only scantlings but,
where relevant, such items as surface conditions (e.g.
finishing of flame cutting edges and weld seams), and
special methods of manufacture involved as well as
inspection and acceptance requirements and, where
relevant, permissible tolerances.

For details of welded joints see the GL Rules Il - Ma-
terials and Welding, Part 3 — Welding, Chapter 2 —

Design, Fabrication and Inspection of Welded Joints,
Annex A (Steel) and B (Aluminium).

For details of adhesive joints see the GL Rules Il —
Materials and Welding, Part 2 — Non-metallic Materi-
als, Chapter 1 — Fibre Reinforced Plastics and Adhe-
sive.

9.1.2 If, dueto missing or insufficient detailsin the
manufacturing documents, the quality or functional
ability of the component cannot be guaranteed or is
doubtful, GL may require appropriate improvements.
This includes the provision of supplementary or addi-
tional parts (for example reinforcements) even if these
were not required at the time of plan approval or if - as
a result of insufficient detailing - such requirement
was not obvious.

9.2 Cut-outs, plate edges

9.21 The free edges (cut surfaces) of cut-outs,
hatch corners, etc. are to be properly prepared and are
to be free from notches. As a genera rule, cutting drag
lines, etc. must not be welded out, but are to be
smoothly ground. All edges should be broken or in
cases of highly stressed parts, should be rounded off.

9.2.2  Free edges on flame or machine cut plates or
flanges are not to be sharp cornered and are to be
finished off aslaid down in 9.2.1. This also appliesto
cutting drag lines, etc., in particular to the upper edge
of shear strake and analogously to weld jaints,
changesin sectional areas or similar discontinuities.

9.3 Cold forming

9.3.1 For cold forming (bending, flanging, bead-
ing) of plates the minimum average bending radius
should not fall short of 3 times the plate thickness t.
For the welding of cold formed areas specia require-
ments have to be agreed.

9.3.2 In order to prevent cracking, flame cutting
flash or sheering burrs must be removed before cold
forming. After cold forming al structural components
and, in particular, the ends of bends (plate edges) are
to be examined for cracks. Except in cases where edge
cracks are negligible, al cracked components are to be
rejected. Repair welding is not permissible.

9.4 Assembly, alignment

9.4.1 The use of excessive force is to be avoided
during the assembly of individual structural compo-
nents or during the erection of sub-assemblies. As far
as possible, major distortions of individual structural
components should be corrected before further assem-
bly.

9.4.2 Girders, beams, dtiffeners, frames, etc. that
areinterrupted by bulkheads, decks, etc. must be accu-
rately aligned. In the case of critical components,
control drillings are to be made where necessary,
which are then to be welded up again on completion.
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943 After completion of welding, straightening
and aigning must be carried out in such a manner that
the materia properties will not be influenced signifi-
cantly. In case of doubt, GL may require a procedure
test or aworking test to be carried out.

9.5 Combination of different materials

9.5.1 Preventive measures are to be taken to avoid
contact corrosion associated with combination of
dissmilar metals with different potentials in an elec-
trolyte environment, such as sea water.

9.5.2 The selection of different materials has to
take into account the fact that also combination of
composite materials, like fibre reinforced plastics,
sandwich constructions, etc. and wood with each other
or also with metals may lead to contact corrosion.

9.5.3 In addition to selecting appropriate materials,
steps such as suitable insulation, an effective coating
and the application of cathodic protection can be taken
in order to prevent contact corrosion.

954 The sdlected solutions for protection have to
be presented to GL for approval.

10. Corrosion protection

B.6. isto be observed.

B. Materials, Corrosion Protection and Join-
ing Technology
1. General

All materials to be used for the structura members
mentioned in these Rules are to be in accordance with
the GL Rules Il —Materials and Welding, Part 1 — 3.
Materials the properties of which deviate from these
rule requirements may only be used upon specia ap-
proval by GL.

2. Stedl materials and welding

21 Normal strength hull structural steel

Normal strength hull structural stedl is ahull structural
steel with a minimum nominal upper yield point Rey
of 235 N/mm? and a tensile strength R,,, of 400 —520
N/mmz,

211 The materia factor k in the formulae of C.,
D., G, J. inthefollowing is to be taken 1,0 for normal
strength hull structural stedl.

212 Norma strength hull structural steel is
grouped into the grades GL-A, GL-B, GL-D, GL-E,
which differ from each other in their toughness prop-
erties. For the application of the individual grades for
the hull structural members see 2.3.

213 If for special structures the use of steels with
yield properties less than 235 N/mm? has been ac-
cepted, the material factor k is to be determined by:

235
Ren

k =

2.2 Higher strength hull structural steels

Higher strength hull structural steel is a hull structural
stedl, the yield and tensile properties of which exceed
those of normal strength hull structural steel. For three
groups of higher strength hull structura steels the
nomina upper yield stress Rgyy has been fixed at 315,
355 and 390 N/mm? respectively. Where higher
strength hull structural steel is used, for scantling
purposes the values in Table 2.1 are to be used for the
material factor k mentioned in C., D., G., J. of the
following:

Table2.1  Material factors for higher strength
hull structural stedl
Rey [N/Mmm?)] k
315 0,78
355 0,72
390 0,66

For higher strength hull structural steel with other
nominal yield stresses, the material factor k may be
determined by the following formula:

« o 2%
Rey + 60

Note

Especially when higher strength hull structural steels
are used, limitation of permissible stresses due to
buckling and fatigue strength criteria may be re-
quired.

221 Higher strength hull structural sted is
grouped into the following grades, which differ from
each other in their toughness properties:

GL-A 32/36/40
GL-D 32/36/40
GL-E 32/36/40
GL-F 32/36/40

In Table 2.2 the grades of the higher strength steels are
marked by the letter "H".

2.2.2  Where structural members are completely or
partly made from higher strength hull structural steel,
a suitable notation will be entered into the yacht's
certificate.
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2.2.3 Inthedrawings submitted for approval it isto
be shown which structural members are made of
higher strength hull structural steel. These drawings
are to be placed on board in case any repairs are to be
carried out.

2.3 Material selection for the hull

2.3.1 Material classes

For the material selection for hull structura members
material classesasgivenin Table 2.2 are defined.

2.3.2 Material selection for longitudinal struc-
tural members

Materials of the various structural members are not to
be of lower grades than those obtained from the Table
2.3. Depending on the categories of structural mem-
bers (Secondary, Primary and Special) for structural
members not specifically mentioned in Table 2.3,
grade A/JAH material may generaly be used. Single
plate strakes within 0,4 L amidships for which class
Il or E/EH material is required are to have a breadth
b=800+5L, max. 1800 mm.

Table2.2 Material classes
Thicknesst [mm] 1 >15 > 20 > 25 >30 > 40 > 60
Material class <15 <20 <25 <30 <40 <60 <100
| A/AH A/AH A/AH A/AH B/AH D/DH E/EH
] A/AH A/AH B/AH D/DH D/DH E/EH E/EH
I A/AH B/AH D/DH E/EH E/EH E/EH E/EH
1 Actual thickness of the structural member.

Table2.3

Material classor gradefor longitudinal structural members

Material classor grade

Structural member category

Within 0,4 L amidships

Outside 0,4 L amidships

Secondary:
Lower strake of longitudinal bulkhead

Continuous longitudinal members
Upper strake in longitudinal bulkhead
Vertical strake

Deck plating exposed to weather, in general I AIAH
Side plating
Primary:
Bottom plating, including keel plate
Strength deck plating?®
; piaiing I A/AH

Special:

Shear strake at strength deck
Stringer plate in strength deck

Deck strake at longitudinal bulkhead
Bilge strake?

I
(I outside 0,6 L)

1

2

Class |11 or grade E/EH to be applied in positions where high local stresses may occur.
May be of class Il in shipswith adouble bottom over the full breadth and with length less than 150 metres.
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2.3.3 Material selection for local structural

members

2.3.3.1 The material selection for local structural
members, which are not part of the longitudinal hull
structure, may in general be effected according to
Table 2.4.

local structural

Table2.4 Material class for

members

Structural member Material class

Face plates and webs of girder
systems

Rudder body 2, rudder horn,
sole piece, stern frame,
propeller brackets

1

It

Class | material sufficient, where rolled sections are used
or the parts are machine cut from normalized plates

2 se2332

2.3.3.2 Rudder body plates, which are subjected to
stress concentrations (e.g. in way of lower support of
semi-spade rudders), are to be of class |11 material.

2.3.3.3 Members not specifically mentioned, may be
of class| material.

For topplates of machinery foundations located out-
side 0,6 L amidships, grade A norma strength hull
structural steel may also be used for thicknesses above
40 mm.

2.3.4  Structural memberswhich are stressed in

direction of their thickness

2341 Rolled materials, which are significantly
stressed in direction of their thickness, are recom-
mended to be examined for doublings and non-
metallic inclusions by ultrasonic testing.

2.3.4.2 In case of high local stresses in the thickness
direction, e.g. due to shrinkage stresses in single bevel
or double bevel T-joints with a large volume of weld
metal, steels with guaranteed material propertiesin the
thickness direction according to the GL Rules Il —
Materials and Welding, Part 1 — Metallic Materials,
Chapter 2 — Steel and Iron Materias, Section 1, |. are
to be used in order to avoid lamellar tearing.

24 Forged steel and cast steel

Forged steel and cast steel for stem, stern frame, rud-
der post, etc. is to comply with the GL Rules Il —
Materials and Welding, Part 1 — Metallic Materials.
The tensile strength of forged stedl and of cast sted is
not to be less than 400 N/mmg2.

25 Austenitic steels
251 Stainless steels with a pitting resistance
equivalent W (W =% Cr + 3,3 (2 Mo) exceeding 25
are suitable for sea water without specia corrosion
protection, see Table 2.5.

Table25  Designation and mechanical properties of austenitic stainless steels (in welded condition)
Material Designation Sweden USA Tensile Yield reF;'tsttrngce
number accorfc')gggo EN SS | AISI/SAE g[ﬁ?ﬂggm s”[eﬁlgr;%{]mz eqm\\//\z/’:llent

14306 | X2CrNi19-11 2333 340 L 500 — 650 200 18
1.4404 | X2CrNiMol17-12-2 2348 316L 520 -670 220 23
1.4435 | X2CrNiMo18-14-3 2353 316L* 520 -670 220 25
1.4438 | X2CrNiMo18-16-4 2367 317L 520-720 220 27
1.4439 | X3CrNiMoN17-13-5 — — 580 — 780 270 33
14541 | X6CrNiTi18-10 2337 321 500 — 700 200 17
1.4462 | X2CrNiMoN22-5-3 2324 329 640 — 840 460 31
14571 | X6CrNiMoTil17-12-2 2350 316 Ti 520-670 220 24
1 vaidforMo>25%
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25.2  Where austenitic steels are applied having a
ratio
Rpo,2

—<<05
Rm

on special approval the 1 % proof stress Ry o may be

used for scantling purposes instead of the 0,2 % proof
stress Rpp 2.

2.6 Welding

The following information summarizes some principle
aspects to be considered for the design of Yachts.
Detailed requirements are contained in the GL Rules
Il —Materials and Welding, Part 3 —Welding.

2.6.1 Information contained in manufacturing
documents

2.6.1.1 The shapes and dimensions of welds and,
where proof by calculation is supplied, the require-
ments applicable to welded joints (the weld quality
grade, detail category) are to be stated in drawings and
other manufacturing documents (parts lists, welding
and inspection schedules). In special cases, e.g. where
special materials are concerned, the documents shall
also state the welding method, the welding consum-
ables used, heat input and control, the weld build-up
and any post-weld treatment which may be required.

2.6.1.2 Symbols and signs used to identify welded
joints shall be explained if they depart from the sym-
bols and definitions contained in the relevant stan-
dards (e.g. DIN standards). Where the weld prepara-
tion (together with approved methods of welding)
conforms both to normal shipbuilding practice and to
these Rules and recognized standards, where applica-
ble, no special description is needed.

26.2 Materials, weldability

2.6.21 Only base materials of proven weldability
may be used for welded structures. Any approval
conditions of the steel or of the procedure qualifica-
tion tests and the steelmaker's recommendations are to
be observed.

2.6.22 For norma strength hull structural steels
grades A, B, D and E which have been tested by GL,
weldability is considered to have been proven. No
mesasures beyond those laid down in these welding
rules need therefore to be taken.

2.6.2.3 Higher strength hull structural steels grade
AH/DH/EH/FH which have been approved by GL in
accordance with the relevant requirements of Rules for
Materials and Welding, have had their weldability
examined and, provided their handling is in accor-
dance with normal shipbuilding practice, may be con-
sidered to be proven.

2.6.2.4 High strength (quenched and tempered) fine
grain structural steels, low temperature steels, stainless
and other (alloyed) structural steels require special
approval by GL. Proof of weldability of the respective
stedl isto be presented in connection with the welding
procedure and welding consumables.

2.6.25 Cast steel and forged parts require testing by
GL. The carbon content of components for welded
structures must not exceed 0,23 % C (piece analysis
not exceeding 0,25 % C).

2.6.2.6 Welding consumables used are to be suitable
for the parent metal to be welded and are to be ap-
proved by GL. Where filler materials having tensile
properties deviating (downwards) from the parent
metal are used (upon special agreement by GL) this
fact must be taken into account when dimensioning
the weld joints.

2.6.3 Manufactureand testing

2.6.3.1 The manufacture of welded structural com-
ponents may only be carried out in workshops or
plants that have been approved by GL. The require-
ments that have to be observed in connection with the
fabrication of welded joints are laid down in Il —
Materials and Welding, Part 3 — Welding.

2.6.32 The weld quaity grade of welded joints
without proof by calculation (see 2.6.1.1) depends on
the significance of the welded joint for the total struc-
ture and on its location in the structural element (loca-
tion relative to the main stress direction) and on its
stressing. For details concerning the type, scope and
manner of testing, see Rules || — Materials and Weld-
ing, Part 3 — Welding, Chapter 3 — Welding in the
Various Fields of Application, Section 1, 1.

264 General design principles

2.6.4.1 During the design stage welded joints are to
be planned such as to be accessible during fabrication,
to be located in the best possible position for welding
and to permit the proper welding sequence to be fol-
lowed.

2.6.4.2 Both the welded joints and the sequence of
welding involved are to be so planned as to enable
residual welding stresses to be kept to a minimum in
order that no excessive deformation occurs. Welded
joints should not be over dimensioned.

2.6.4.3 When planning welded joints, it must first be
established that the type and grade of weld envisaged,
such as full root weld penetration in the case of HV or
DHV (K) weld seams, can in fact be perfectly exe-
cuted under the conditions set by the limitations of the
manufacturing process involved. If thisis not the case,
a simpler type of weld seam shall be selected and its
possibly lower load bearing capacity taken into ac-
count when dimensioning the component.
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2.6.4.4 Highly stressed welded joints, which there-
fore, are generally subject to examination, are to be so
designed that the most suitable method of testing for
faults can be used (radiography, ultrasonic, surface
crack testing methods) in order that a reliable exami-
nation may be carried out.

2.6.45 Speciad characteristics peculiar to the mate-
rial, such as the lower strength values of rolled mate-
rial in the thickness direction or the softening of cold
worked aluminium alloys as a result of welding, are
factors which have to be taken into account when
designing welded joints.

2.6.4.6 In cases where different types of material are
paired and operate in sea water or any other electro-
lytic medium, for example welded joints made be-
tween unalloyed carbon steels and stainless steels in
the wear-resistant cladding in rudder nozzles or in the
cladding of rudder shafts, the resulting differences in
potential greatly increase the susceptibility to corro-
sion and must therefore be given specia attention.
Where possible, such welds are to be positioned in
locations less subject to the risk of corrosion (such as
the outside of tanks) or special counter-measures are
to be taken (such as the provision of a protective coat-
ing or cathodic protection).

2.6.5 Dedign details

For design details see the GL Rules Part 1 — Seagoing
Ships, Chapter 1 — Hull Structures, Section 19.

3. Aluminium alloys and welding

The following information is based on the GL Rules 1|
— Materids and Welding, Part 1 — Metallic Materials,
Chapter 3 — Non-Ferrous Metals, Section 1 with the
aim of summarizing aspects applicable for the design
of Yachts.

31 General

311 The following requirements are applicable to
products made from wrought aluminium alloys having
a product thickness of 3 to 50 mm inclusive. Require-
ments applicable to products having thicknesses out-
side this range are to be specially agreed with GL.

312 Alloys and material conditions which differ
from the specified requirements given below, but
which conform to national standards or the manufac-

turer’s material specifications may be used provided
that their properties and suitability for use, and aso
their weldability have been checked by GL and that
GL has approved their use.

3.1.3 Alloy designations and material conditions
specified herein comply with the designations of the
Aluminium Association. With regard to the definition
of the material conditions European standard EN 515
isapplicable.

32 Requirementsto be met by manufacturers

Manufacturers wishing to supply products in accor-
dance with these requirements must be approved by
GL for the aloys and product formsin question.

33 General characteristics of products

33.1 The products must have a smooth surface
compatible with the method of manufacture and must
be free of defects liable to impair further manufactur-
ing processes or the proposed application of the prod-
ucts, e.g. cracks, laps, appreciable inclusions of extra-
neous substances and major mechanical damage.

3.3.2 Surface defects may be repaired only by
grinding provided that this is accomplished with a
gentle transition to the adjacent surface of the product
and that the dimensions remain within the tolerance
limits. Repair by welding is not permitted. For repair
purposes only tools are to be used which are exclu-
sively applied for aluminium processing.

34 Aluminium alloys without post treatment
for hardening

34.1 Aluminium aloys of 5000 series in O condi-
tion (annealed) or in H111 condition (annealed flat-
tened) retain their original mechanical characteristics
and therefore are not subject to a drop in mechanical
strength in the welded areas.

3.4.2 These types of duminium aloys are used for
plates, strips and rolled sections and a representative
list is defined in Table 2.6. Thislist, as well asthelist
of Table 2.7, is not exhaustive. Other aluminium al-
loys may be considered provided the specification
(manufacture, chemical composition, temper, me-
chanical properties, welding, etc.) and the scope of
application is submitted to GL and approved.
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Table2.6  Material condition and strength properties of plates and strips made of wrought aluminium alloys

(with thicknesst = 3,0 to 50 mm) *

Alloy number Material condition min F;K,?’fan] [N/E]mmz] M aterli(al vfactor
. Al
O/H111/H112 125 275-350 159-1,34
GL-AW-5083 H116 215 = 305 1,22
(AIMg4,5Mn0,7) H32 215 305380 1,22-1,07
Welded 125 275 1,59
O/H111/H112 100 240-310 1,87-155
GL-AW-5086 H116 195 =275 1,35
(ALMg4) H32 185 275-335 1,38-1,22
Welded 100 240-310 1,87-155
GL-AW-5754 O/H111/H112 80 190 - 240 235_1.08
(AIMgg3) Welded 80 190 — 240
0/H111 > 160 > 330 1,30
EN-AW-5059 H116 =260 = 360 102
(AIMgMn0,8ZnZr) H321 > 260 > 360 '
Welded > 160 > 300 1,38
1 The strength properties are applicable to both longitudinal and transverse specimens.

Table2.7 Material condition and strength properties of extruded sections, barsand pipes made of wrought
aluminium alloys (with thicknesst = 3,0 to 50 mm)?*
Alloy number | Material condition - Rooz R Material factor
min. [N/mm?] [N/mm?] Kas
GL-AW-5083 0/H111 110 270-350 1,67-1,38
(AIMg4,5Mn0,7) Welded 125 275 1,59
GL-AW-5086 0/H111 95 240 — 350 1,90-1,43
(AIMg4) Welded 100 240 1,87
GL-AW-6005A T5/T6 215 = 260 1,34
(AISIMg(A)) Welded 115 165 2,27
GL-AW-6061 T5/T6 240 = 260 1,27
(AIMg1SiCu) Welded 115 155 2,35
GL-AW-6082 T5/T6 260 =310 111
(AISiIMgMn) Welded 125 185 2,05
1 The strength properties are applicable to both longitudinal and transverse specimens.
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34.3 Unless otherwise specified, the Young's
modulus of auminium aloys is equa to
70 000 N/mm?2 and the Poisson's ratio equal to 0,33.

35 Hardened aluminium alloys

35.1 Aluminium aloys can be hardened by work
hardening (Series 5000 other than condition O or
H111) or by heat treatment (series 6000).

35.2  These types of duminium aloys are used for
extruded section, bars and pipes and a representative
selection isdefined in Table 2.7.

3.6 Material selection

3.6.1 The choice of aluminium alloys according to
Table 2.7 is mainly recommendable for extrusions and
where no excessive welding will be necessary. Other-
wise only the mechanical characteristics of 0 or H111
conditions can be taken into account. Higher mechani-
cal characteristics to be used must be duly justified.

3.6.2 Incase of structures subjected to low service
temperatures or intended for other particular applica-
tions, the aloys to be employed are to be defined in
each separate case by GL, which will state the accept-
ability requirements and conditions.

3.6.3  For forgings and castings to be applied, re-
quirements for chemical composition and mechanical
properties are to be defined in each separate case by
GL.

3.7 Welding

3.71 General requirements

For welding of aluminium the requirements of rele-
vant GL Rules apply. In particular, existing welding
procedure qualifications may be approved by GL or
GL will decide if new qualifications will become
necessary. Welding shops and the employed welders
have to be approved for the relevant welding proce-
dures.

3.7.2 Influence of welding on mechanical char-
acteristics

3.7.2.1 Aluminium alloys of series 5000 in O condi-
tion (annealed) or in H111 condition (annealed flat-
tened) are not subject to a drop in mechanical strength
in the welded areas. But welding heat input lowers the
mechanical strength of alloys of series 5000 with other
conditions and of that of series 6000, which are hard-
ened by heat treatment.

3.7.2.2 For heat-affected welding zones the me-
chanical characteristics of series 5000 to be considered
are, normally, those of condition O or H111. Higher
mechanical characteristics may be taken into account,
provided they are duly justified.

3.7.2.3 For heat-affected zones the mechanical char-
acteristics of series 6000 to be considered are, nor-
mally, to be indicated by the supplier.

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

3.7.3 Preparation for welding

Edge cutting, to be carried out in general by machin-
ing, isto be regular and without burrs or cuts.

The structural parts to be welded as well as those
adjacent, even if they have been previoudy pickled,
are to be cleaned carefully before welding, using suit-
able mechanical means, such as stainless steel wire
brushes, so as to eliminate oxides, grease or other
foreign matter which could give rise to welding de-
fects.

3.74  Weding processes

3.7.4.1 In general, the welding of the hull structures
is to be performed with the MIG (metal-arc inert gas)
or the TIG (tungsten-arc inert gas) processes using
welding consumables recognized as suitable for the
base material to be used. For joints with extreme stress
and execution requirements (gas and liquid tight, etc.)
the TIG method is recommendable, otherwise the
MIG method may be used. Welding processes and
filler materials other than those mentioned are to be
individually considered by GL at the time of the ap-
proval of welding procedures.

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

- grade and temper of parent and filler materials

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

—  welding conditions (e.g. cleaning procedures of
edges to be welded, protection from environ-
mental atmosphere)

—  special operating requirements for butt-joints,
for example for plating: welding to be started
and completed on end pieces outside the joint,
back chipping, arrangements for repairs conse-
guent to possible arc restarts

—  typeand extent of controls during production

3.7.4.3 Establishing high welding speeds to reduce
the transfer of thermal loads is recommended.

3.7.4.4 Impermissible reinforcements of seams and
hardened transition areas in the basic material shall be
carefully removed.
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3.75 Inspections

3.7.5.1 Inspections of welded connections by GL
Surveyors are, in general, those specified below, with
the extent of inspection to be defined by GL on a case
by case basis:

- inspection of base materials for compliance with
the requirements 3.4 to 3.6 and for compliance
of structures with the approved plans

- inspection of the use and application conditions
of welding procedures for compliance with
those approved and verification that qualified
welders are employed

—  visua examination of edge preparations, root
chipping and execution of welds in way of struc-
tural connections

- examination of radiographs of welded joints
(radiographing is to be performed, if necessary,
depending on the extent of the examinations),
and inspection of performance of execution of
the ultrasonic or magnetic particle examinations,
which may be required

- inspection of any repairs, to be performed with
procedures and inspection methods at the discre-
tion of the GL Surveyor

3.7.5.2 The limits for imperfections in welded joints
of aluminium alloys are defined in the GL Rules |1 -
Materials and Welding, Part 3 — Welding, Chapter 3 —
Welding in the Various Fields of Application.

3.7.5.3 Irrespective of the extent of such inspections,
it is the responsibility of the builder to ensure that the
manufacturing procedures, processes and seguences
are in compliance with relevant GL requirements,
approved plans and sound working practice. For this
purpose, the shipyard is to have its own quality man-
agement system.

3.76 General design principles

The following design principles shall be applied:

—  transfer of welding seams to low stress areas,
like the neutral axis of a girder by using ex-
truded sections for the upper and lower flange

—  location of welding seams in such a way, that
the thermal load from welding will be led to a
far extent to extrusion profiles with big wall
thicknesses

- edge preparation, alignment of joints are to be
appropriate to the type of joint and welding po-
sition, and comply with GL Rule requirements
for the welding procedures adopted

—  for correct execution of welded joints, sufficient
accessibility is necessary, depending on the
welding process adopted and the welding posi-
tion

- unfavourable welding positions have to be
avoided

3.8 Material factor

The material factor k for aluminium alloys is to be
determined according to:

635

kA| = -
Rp0,2 + Rm

Rpo2 = 0,2 % proof stress of the aluminium aloy
[N/mn?]

Ry = tensile strength of the auminium aloy
[N/mn]

For welded connections the respective values in
welded condition are to be taken. Where these figures
are not available, the respective values for the soft-
annealed condition are to be used.

Note

The material factor to be used in the GL Rules Part 1
— Seagoing Ships, Chapter 5 — High Speed Craft,
Section 3 is different from the above definition.

3.9 Conversion from steel to aluminium scant-
lings:

—  sectionmodulus. Wa = Wg Okp

tar = tg W/Kka

3.9.1 When determining the buckling strength of
structural  elements subject to compression, the
modulus of elasticity of aluminium must be taken into
account. This applies accordingly to structural mem-
bers for which limited shape imperfections are pre-
scribed.

—  platethickness:

3.9.2  The conversion of the scantlings of the main
hull structural elements from steel into auminium
alloy is to be specially considered taking into account
the smaller modulus of elasticity, as compared with
steel, and the fatigue strength aspects, especially those
of the welded connections.

4, Riveting

41 The use of rivets for connecting structures
shall be specially agreed with GL. Special applications
are to be supported by experimental evidence or good
in-service performance.

4.2 The conditions for riveted connection accept-
ability are to be individually stated in each particular
case, depending on the type of members to be con-
nected and the rivet material.
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43 Whenever riveted connections are to be em-
ployed, a detailed plan, illustrating the process, as well
as the dimensions and location of rivets and holes,
together with the mechanical and metallurgical prop-
erties of therivets, isto be submitted for approval.

4.4 GL may, at its discretion, reguire 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 GL Surveyor.

45 GL reserve the right to accept the results of
tests performed by recognized bodies or other Classi-
fication Societies.

5. Welding transition joints

5.1 General

5.1.1 For welded transitions of the hull structures
between steel and aluminium alloys explosion-bonded
sted-aluminium transition joints may be used. This
use for plates or profilesis subject to GL's agreement.

5.1.2 Any such jointing system is to be type-
approved by GL.

5.1.3 Qudifications tests for welding procedures
are to be carried out for each joint configuration.

514 A welding booklet giving preparations and
various welding parameters for each type of assembly
isto be submitted for review.

52 Types of explosion-bonded joints

According to the present state of technology and ap-
plication, the following types of explosion-bonded
joints are used:

—  butt welds in the welding transition as such

—  joints of platings (walls, decks), as a cruciform
joint with coaming or a T-joint without coaming

— joints of diffeners, as a cruciform joint with
coaming or a T-joint without coaming

— joints of transverse walls, as cruciform joint
with coaming or T-joint without coaming

5.3 Permissible transition stresses

For some widely used steel-aluminium transition
joints the permissible stresses to be transmitted are
defined in Table 2.8. Owing to the fact, that in general
the connection between steel and auminium is of
lower specific strength, a larger surface is therefore
required for force transmission.

54 Inadmissible heating

For all connections it has to be ensured, that the bond
zone between steel and aluminium is not inadmissibly
heated above a maximum temperature of 300 °C, as
this would cause embrittlement implying the risk of
failures.

6. Corrosion protection

6.1 General

For corrosion protection the requirements according to
VI —Additional Rules and Guidelines, Part 9-—
Materials and Welding, Chapter 6 — Guidelines for
Corrosion Protection and Coating Systems have to be
met. In addition the requirements below shall be ob-
served. Specia solutions concerning material selec-
tion, coatings, cathodic protection systems or other
methods may be accepted after examination.

6.2 Shop primers

Shop primers are used to provide protection of the
stedl parts during storage, transport and work proc-
esses. Customarily, coatings with a thickness of 15 to
20 um are applied. This should provide corrosion
protection for a period of approx. 6 months.

6.3 Hollow spaces

Hollow spaces, such as those in closed box girders,
tube supports and the like, which either can be shown
to be air tight or are accepted as such from normal
shipbuilding experience, need not have their internal
surfaces protected. During assembling, however such
hollow spaces must be kept clean and dry.

Table2.8 Material combination and permissible stresses
Material combination PeéTgtt;:reotSnﬁle Permissible shear
Type of bonding thicknessg stress
ini 2
Stedl Aluminium alloy [N/mm?] [N/mm?]
Explosion-bonded All types All types 60 60
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6.4 Combination of materials lic couple between the submerged aluminium alloy

Preventive measures are to be taken to avoid contact
corrosion associated with the combination of dissimi-
lar metals with different potentials in an electrolyte
solution, such as seawater. In addition to selecting
appropriate material's, steps such as suitable insulation,
an effective coating and the application of cathodic
protection can be taken in order to prevent contact
corrosion.

6.4.1 Heterogeneous assemblies of steel and
aluminium alloys

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

In any case, any direct contact between steel and alu-
minium aloy 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).

6.5 Corrosion protection of ballast water tanks

All seawater ballast tanks having boundaries formed
by the vessel’s side shell (bottom, outside plating,
deck) must be provided with a corrosion protection
system consisting of coating and cathodic protection

6.6 Corrosion protection of the underwater
hull

6.6.1 Coatings based on epoxy, polyurethane and
polyvinyl chloride are considered suitable.

6.6.2  The coating manufacturer’s instructions with
regard to surface preparation as well as application
conditions and processing must be observed.

6.6.3  The coating system without antifouling shall:
- have a minimum dry film thickness of 250 um

- provide cathodic protection in accordance with
recognized standards

- be suitable for being cleaned underwater by
mechanical means

6.6.4 The cathodic protection can be provided by
means of sacrificial anodes, or by impressed current
systems. Under normal conditions for steel, a protec-
tion current density of at least 10 mA/m2 must be
ensured. Hulls or components made of auminium and
aluminium alloys, which are permanently immersed in
seawater need to be protected by sacrificial anodes.
For hull structures or components of zinc-free aumin-
ium materials which are permanently submerged in
seawater, cathodic protection with a protective poten-
tial of less than — 0,55 V by sacrificial anodes is re-
quired. A cathodic protection is especialy needed, if
galvanic corrosion is to be expected due to a bimetal-

structure and other parts, e.g. propulsion components
such as stainless steel propeller shafts, bronze propel-
lers or stedl hydrojets.

Therefore metallic connection between auminium
alloy structures and other metals should be avoided.

6.6.5 In the case of impressed current systems,
overprotection due to inadequately low potentid is to
be avoided. A screen (dielectric shield) is to be pro-
vided in the immediate vicinity of the impressed-
current anodes.

6.7 Corrosion protection of austenitic stainless
steels

Stainless steels and stainless steel castings exhibit a
passive surface state in seawater. Accordingly, coating
these types of steel is only recommended under spe-
cia conditions. In general uncoated stainless steels are
not protected by cathodic corrosion protection if they
are suitable for withstanding the corrosion stress.
Coated stainless steels must be cathodically protected
in the submerged zone.

7. Fibrereinforced plastics, sandwich con-
structions and bonding

Refer to GL Rules Il —Materials and Welding, Part 2
—Non-metallic Materials, Chapter 1—Fibre Rein-
forced Plastics and Adhesive Joints.

7.1 Approval of materials

All materials to be used during production of compo-
nents from FRP shall first be assessed and approved
by GL. Approval by other organizations can be recog-
nized following agreement by GL, provided the re-
spective approval procedure is in accordance with GL
requirements.

7.2 Properties of the materials

The basic properties of the different materials shall be
verified by test certificate of a recognized testing
body. These values shall fulfil the minimum require-
ments specified in the relevant GL Rules.

7.3 Processing and surveillance

7.3.1  All manufacturing facilities, store rooms and
their operational equipment shall fulfil the require-
ments of the responsible safety authorities and profes-
sional employers liability insurance associations. The
manufacturer is exclusively responsible for compli-
ance with this requirements.

7.3.2  GL reserve the right to carry out inspections
without giving prior notice. The manufacturer shall
grant GL Surveyors access to al areas and shall pre-
sent al documentation concerning records and tests
carried out.
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8. Cold-moulded wood and glueing

8.1 General

A cold-moulded wood laminate consists of at least
three layers of veneer/lamellae.

8.2 Wood

8.2.1 Any of the timbers suitable for boat building
may be used.

8.2.2 Timber envisaged for use in this type of con-
struction is to be cut in such a way that the inclination
of the annual rings is no less than 30°, i.e. the angle
between the chord of the flattest annua ring, and the
face of a lamella or strip of veneer must not be less
than 30°. The fibres shall be oriented parallel to the
edge of a lamella, if possible. Veneers for making
plating may be dliced or sawn.

8.3 Glues and adhesives

Only adhesives and glues tested and approved by GL
may be used. Adhesives and glues shall have passed
the tests in accordance with Section 2 of DIN 68141 -
"Prifung von Leimen und Leimverbindungen fur
tragende Holzbauteile" (Testing of glues and adhesive
combinations for load bearing wooden components).
Relevant confirmation and/or test certificates are to be
submitted to GL.

In accordance with current practice, mixed adhesives
will hereinafter also be referred to as glues.

8.4 Works prerequisites and quality assurance

Companies producing wooden hulls and components
cold-moulded by glueing shall be qualified for the
work to be carried out as regards their workshop
equipment, internal quality control, manufacturing
process as well as the training and qualification of the
personnel carrying out and supervising the work.

Providing the prerequisites for approval have been
met, suitability will be certified for the works on ap-
plication by a GL shop approval.

9. Wood and joining of wood materials

The following requirements are an excerpt of the GL
Rules |l —Materidls and Welding, Part 2—Non-
metallic Materials, Chapter 2 —Wood with the aim of
summarizing all aspects directly necessary for the
design of Yachts.

9.1 General

9.1.1 Timber selection according to thefield of
application

Only proven boatbuilding wood shall be used for al
timber components exposed to water and weather, i.e.
timber with good resistance to water and weather,

fungal attack and insect infestation, as well as with
good mechanical properties that are also suitable for
the particular application. Furthermore, it shall have
low swelling and shrinkage properties. For compo-
nents not exposed to water or weather, and not requir-
ing strength, timber of lower durability may be used.

9.1.2 Quality

The timber used in boatbuilding shall be long-grained
and of best quality, i.e. free from sap, shakes, objec-
tionable knots and other defects. Twisted-grown or
rough saw cut shall not be used.

9.1.3 Drying

The timber used shall be well seasoned and suffi-
ciently dried in asuitable drying kiln. In case of forced
drying, the residual moisture content shall not be more
than 10 %. When processing, this content shall not
exceed 15 % as aresult of hygroscopic behaviour.

9.2 Solid wood

9.21 Radialy sawn timber shall mainly be used for
boatbuilding. The angle of the annua rings to the
lower sawn edge shall not be less than 45°.

9.22 Table 29 shows the number of different
types of timber and their most important properties, as
well as tensile, compressive and bending strength.
Since these properties can vary in the case of timber of
the same type, or even within the same trunk, no abso-
lute values are indicated in the table, but rather charac-
teristic values. The timber listed is divided into dura-
bility groups from | to V. The timber used in boat-
building shall, if exposed to the weather or used for
the primary structural components of a boat, belong to
at least durability group I11.

9.23 In place of the timber listed in Table 2.9,
other types can be used if the durability and the tech-
nological values are verified and are equivalent. The
manufacturer shall always be responsible for the cor-
rect selection of the quality and type of wood.

9.24  The safety factors used in the strength calcu-
lation shall be agreed in each case with GL.

9.3 Boatbuilding plywood

9.3.1 General

9.3.1.1 All plywood components exposed to water
and weather, or used in primary structural components
(such as the deck, shell and bulkheads), shall be pro-
duced from boatbuilding plywood that has been tested
according to GL Rules.

9.3.1.2 The boatbuilding plywood consists of at least
three veneers bonded crosswise together by means of
curable synthetic-resin adhesives. The resistance of
these adhesives to water and weather shall be demon-
strated by long-term and outdoor testing.
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Table2.9  Timber durability groupsand characteristic valuesin accordance with DIN 68364

Durability Density M ean breaking strengths
group
Timber type
Tension Compression Bending
— 3
-V [g/em] [N/mm?] [N/mm?] [N/mm?]

Coniferous
Pine " —1v 0,52 100 45 80
Oregon pine 11 0,54 100 50 80
Larch 11 0,59 105 48 93
Deciduous
Mahagony Khaya 11 0,50 75 43 75
American mahagony I 0,54 100 45 80
Sapele 11 0,64 85 57 69
Utile I 0,59 100 58 100
Meranti, red Il 0,59 129 53 105
Iroko I =1 0,63 79 55 95
Makore I =1 0,66 85 53 103
Oak I 0,67 110 52 95
Teak I 0,69 115 58 100
Yang [ 0,76 140 70 125
1 Durability groups:

I = very good

Il = good

Il = average

IV = moderate

V = poor
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Table2.10 Plywood strength and durability groups

Durab|I|1ty Density Mean tensile strength of plywood
group
Timber type Botanical name Transverse
N [N/mm?]
Y Approx. Longitudinal
3 2
[g/cm3) [N/mm?] Bending
[N/mm?]
Strength group F1 (for loadbearing components)
Teak Tectona grandis I 0,64 >40 >30
Makoré Dumoria hekelii I 0,62 >40 >30
Douka Dumoria africana I 0,62 > 40 >30
. Entandro-
Utile phragma utile I 0,57 >40 >30
Sapele Entandro-
mahogany phragma Il 0,59 > 40 >30
cylindricum
Oak Querus robur Il 0,63 > 40 >30
Strength group: F2
American Swietenia
mahogany macrophylla . 0.49 <40 <30
African . .
mahogany Khayaivorensis T 0,45 <40 <130
Okoumé Aucoumea
(Gaboon) Klaineana V-V 041 <40 <30
1 Durability groups:
| = verygood
Il = good
Il = average
IV = moderate
V = poor
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9.3.1.3 Asplywood can aso be destroyed in specific
adverse conditions by animal or plant pests, timber
shall be used which offers a natural resistance.

9.3.2 Structure

The selection of timber and the structure of the panels
(number of veneer layers) shall be appropriate for the
field of application. Depending on the application,
strong, durable timber - e g. makoré and the hard,
durable mahogany types of strength group F1 (see
Table 2.10) - with several thin inner layers of veneer
shall be selected for load carrying components subject
to high stresses. On the other hand, plywood panels of
lighter, less long and less durable timber of strength
group F2 e.g. khaya, mahogany, okumé - with thicker
and fewer inner layers of veneer and good surface
protection are suitable for linings.

9.3.3 Veneer joints

The veneer joints shall be sealed perfectly and shall
bond the veneers to each other by butt joints. The
joints shall be glued on a suitable joint bonding ma-
chine.

Sedled joints between all layers are a precondition for
boatbuilding plywood.

9.34  Strength groups

9.3.4.1 Withregard to their suitability for the produc-
tion of boatbuilding plywood, the types of timber
listed in Table 2.10 are currently approved. The timber
is subdivided into two strength groups. Also shown is
the natural durability and weathering resistance of the
mentioned types of timber.

9.3.4.2 Other types of wood may only be used for
making plywood panels upon agreement with GL. The
manufacturer shall always remain responsible for the
correct selection of quality and type of wood.

9.4 Wood protection

941 Timber

All timber (with exception of the timber durability
group |, Table 2.10) shall be protected by severa coats
of suitable protective paint, or by means of impregna-
tion with a proven wood preservative, against fungi
and insect infestation. Impregnation is the preferred
method for interior surfaces of the yacht’s components
which are exposed to water or weather (e.g. hull, deck,
superstructure) and which have received a coat of
paint impervious to vapour pressure.

94.2 Plywood

All plywood parts shall be protected by several coats
of paint or varnish. Specia attention shall be paid to
plywood edges and drill-holes by pre-treating them
with recognized and proven edge protection coatings.

C. Design Principles

1. General

The following contains definitions and general design
guidance for hull structural elements made from me-
tallic materials as well as indications concerning struc-
tural details.

2. Required sectional properties

The required section moduli and web areas are related,
on principle, to an axis which is parallel to the con-
nected plating.

For profiles usual in the trade and connected vertically
to the plating, in general the appertaining sectional
properties are given in tables.

Where webs of stiffeners and girders are not fitted
vertically to the plating (e. g. frames on the shell in the
flaring fore body) the sectional properties (moment of
inertia, section modulus and shear area) have to be
determined for an axiswhich is parallel to the plating.

For bulb profiles and flat bars the section modulus of
the inclined profile can be calculated approximately
by multiplying the corresponding value for the verti-
cally arranged profile by sina, where a is the smaller
angle between web and attached plating.

3. Curved plate panels

The thickness of curved plate panels may be reduced
by applying the following correction factor f. in the
formulaof D.4.3.

fe =11-3 DD for 0,03 < — <01
S

h
s

>0
1

according to Fig. 2.2

[%)]
1

according to Fig. 2.2

Fig. 22 Curved shell plate panelsand frames
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4. Curved framesand girders tions. Therefore sharp corners and abrupt changes in

For curved frames and girders, the section modulus
may be reduced by applying the factor fs in the for-
mulaof D.4.4.2.

fo = 115 - 5 00
S

h = according to Fig. 2.2
S = accordingto Fig. 2.2
5. Unsupported span

51 Stiffeners, frames

The unsupported span ¢ is the length of the stiffeners
between two supporting girders or else their length
including end attachments (brackets), see Fig. 2.3.

5.2 Transversesand girders

The unsupported span ¢ of transverses and girdersisto
be determined according to Fig. 2.4, depending on the
type of end attachment.

In specia cases, the rigidity of the adjoining girdersis
to be taken into account when determining the span of
girder.

a+b
C =
4 -
2
¥ r 2T .
o) o Y
L ke D
aJ ( :j a' {
Fig. 24 Unsupported span depending on end
attachment
6. End attachments

6.1 Definitions

For determining scantlings of beams, stiffeners and
girders the terms "constraint" and "simple support”
will be used.

"Constraint” will be assumed where for instance the
stiffeners are rigidly connected to other members by
means of brackets or are running throughout over
supporting girders.

"Simple support" will be assumed where for instance
the stiffener ends are sniped or the stiffeners are con-
nected to plating only, see also 6.4.

6.2 Design of details

Structural details are to be so designed and con-
structed as to minimize hard spots, notches and other
structural discontinuities leading to stress concentra-

sections are to be avoided. Toes of brackets and ends
of members are not to terminate on plating without
attachment to an adjacent member, unless specially
approved.

6.3 Brackets

6.3.1 For the scantlings of brackets the required
section modulus of the section is decisive. Where
sections of different section moduli are connected to
each other, the scantlings of the brackets are generally
governed by the smaller section.

6.3.2 The thickness of the brackets is not to be less

than:
t =c Dsfﬂ + t [mm]|
kq

c = 1,20 for non-flanged brackets
= 0,95 for flanged brackets

k; = materia factor k for the section, according to
B.2.2

W = section modulus of smaller section [cm?]

tin = 55mm

tnax = Web thickness of smaller section

t¢ = corrosion alowance according to D.4.1.2

6.3.3 The arm length of brackets is not to be less
than:

¢ = 46,2 Ds/kﬂ Oyks Oc
1
Lmin = 100 mm

W = see6.3.2

ki = see6.3.2
ko = materia factor k for the bracket, according to
B.2.2
¢ = | L
ta
ta = "as built" thickness of bracket [mm] >t ac-

cording to 6.3.2

The arm length ¢ is the length of the welded connec-
tion.

Note

For deviating arm lengths the thickness of bracketsis
to be estimated by direct calculations considering
sufficient safety against buckling.
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6.3.4  Where flanged brackets are used, the width of
flange is to be determined according to the following
formula

b = 40 + W [mm]
30

b = not to be taken less than 50, not greater than
90 mm
W = se6.32

6.4 Sniped ends of stiffeners

Stiffeners may be sniped at the ends, if the thickness
of the plating supported by stiffenersis not less than:

e \/p Oa (¢ - 0,5 Oa) (]

Ren
p = design load in [KN/n?], see GL-Rules Part 1
— Seagoing Ships, Chapter 1 — Hull Struc-
tures, Section 4
4 = unsupported length of stiffener [m]
a = gpacing of stiffener in [m]

Req = minimum nomina upper yield point of the
plating's material [N/mm?] according to B.2.2

c = 15,8 for watertight bulkheads and for tank
bulkheads when loaded by p, accord-
ing to GL-Rules, Part 1 — Seagoing
Ships, Chapter 1 — Hull Structures,
Section 4

= 19,6 otherwise

7. Effective width of plating

7.1 Frames and stiffeners

Generally, the spacing of frames and stiffeners may be
taken as effective width of plating.

7.2 Girders

7.21 The effective width of plating e, of frames
and girders may be determined according to Table
2.11, considering the type of loading.

Specia calculations may be required for determining
the effective width of one-sided or non-symmetrical
flanges.

Table2.11 Effective width of plating e, of
framesand girders

e |0 1| 213|456 7][=z8

em1/e| 0 [0,36(0,64]|0,82(0,91(0,96|0,98|1,00{ 1,0

em2/e | 0 [0,20{0,37]|0,552|0,65(0,75]|0,84| 0,89 0,9

en1 is to be applied where girders are loaded by
uniformly distributed loads or ese by not less
than 6 equally spaced single loads.

en2 istobeapplied where girders are loaded by 3 or
less single loads.

Intermediate values may be obtained by direct
interpolation.

¢ = length between zero-points of bending moment

curve, i.e. unsupported span in case of simply
supported girders and 0,6 x unsupported span in
case of constraint of both ends of girder

e = width of plating supported, measured from centre
to centre of the adjacent unsupported fields

7.2.2  The effective cross sectional area of platesis
not to be less than the cross sectional area of the face
plate.

7.2.3 The effective width of stiffeners and girders
subjected to compressive stresses may be determined
by proof of buckling strength, but isin no case to be
taken greater than determined by 7.2.1.

7.3 Cantilevers

Where cantilevers are fitted at every frame, the effec-
tive width of plating may be taken as the frame spac-
ing.

Where cantilevers are fitted at a greater spacing, the
effective width of plating at the respective cross sec-
tion may approximately be taken as the distance of the
cross section from the point on which the load is act-
ing, however, not greater than the spacing of the canti-
levers.

8. Rigidity of transversesand girders

The moment of inertia of deck transverses and girders,
is not to be less than:

| = cOW O¢ [Cmﬂ

c = 4,0 if both endsare smply supported
= 2,0 if oneendiscontained
= 15 f both endsare contained
W = section modulus of the structural member

considered [cm?]
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¢ = unsupported span of the structural member The total stress according to local bending thus results

considered [m]
9. Additional stressesin asymmetrical sec-
tions

The additional stress g}, occurring in asymmetric sec-
tions may be calculated by the following formula:

o = oty (0 53) [/

O
I

load on section parallel to its web within the
unsupported span /s [KN]

= pa [ [KN] in case of uniformly distrib-
uted load p [kN/m?]

s = unsupported span of flange [m]
ts, by = flange dimensions [mm]

b, = asshowninFig.25

by = b

W,y = section modulus of section related to the y-y

axis including the effective width of plating
[cm?]

W, = section modulus of the partial section consist-
ing of flange and half of web area related to
the z-z axis [cm?], (bulb sections may be
converted into asimilar L-section)

_af] €]
! ©
[l ] -
VV‘V‘J/ | f
b1 I b2 .C;|N
L—‘—)(—)
| ' e
|
Z
y —— - —y
I |

Fig. 25 Additional stressesin asymmetric sections

c = factor depending on kind of load, stiffness of
the section's web and length and kind of sup-
port of the section. for sections clamped at
both ends ¢ = 80 may be taken as approxima-
tion.

This additional stress oy, is to be added directly to

other stresses such as those resulting from local and
hull girder bending.

in:

12 O (bf - b22)
1000 Oc OW,

_ Q D¢y 11000
Oges =
12 OW,

Therefore the required section modulus Wy, according
to 2. must be increased by the factor kg, depending on

the type of section and the boundary conditions ex-
pressed by c.

o = Q0O 0000
= 120w, ®

]

For kg at least the values given in Table 2.12 are to be
taken.

Table2.12 Factor kg, for asymmetric sections

Type of section Ksp
Flat bars and symmetric T-sections 1,00
Bulb sections 1,03

Unsymmetric T-sections (% = O,SJ 1,05

Rolled angels (L-sections) 1,15

10. Proof of buckling strength

10.1 General

10.1.1 Principles

The calculation method for buckling strength shown
below is based on the standard DIN 18800.

10.1.2 De€finitions

a = length of single or partial plate field [mm]
b = breadth of single plate field [mm]
a = aspect ratio of single plate field
= alb
n = number of single plate field breadths within

the partial or total plate field
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long. stiffener single field

mm&

partial field

n-b

transverse stiffener

longitudinal : stiffener in the direction of the length a
transverse : stiffener in the direction of the breath b

Fig. 2.6 System of longitudinal and transverse
stiffeners
t = nominal plate thickness [mm]

= ta — tx [mm]

ta = plate thickness as built [mm]

tx = corrosion addition according to D.4.1.2 [mm)]
Ox = membrane stress in x-direction [N/mm?]

Oy = membrane stressin y-direction [N/mm?]

T = shear stressin the x-y plane [N/mny]

Compressive and shear stresses are to be taken posi-
tive, tension stresses are to be taken negative.

Note

If the stresses in the x- and y-direction contain already
the Poisson - effect, the following modified stress
values may be used:

o, = (o - 03 00y) /oo
o, = (o) - 0300 /o0

* *

oy, 0y = siressescontaining the Poisson-effect

U] = edge stress ratio according to Table 2.15

F1 = correction factor for boundary condition
at the long. stiffeners according to Table
2.15

O = reference stress

)2
= 0,9 OE (B) [N/mmz]
E = Young's modulus

2,06 10° [N/ mmz] for steel

0,69 010° [N/msz for aluminium alloys

= nomina yield point [N/mm?] for hull struc-
tural steelsaccordingto B.2.2.

Py}
%
|

0,2% proof stress [N/mm?] for aluminium
aloys

Table2.13 Correction factor for boundary con-
ditions

1,0 for diffeners sniped at both ends

Guidance values™: 1,05 for flat bars
wherebothends 1,10 for bulb sections

are effectively 1,20 for angle and tee-sections
connected to 1,30 for girdersof highrigidity,
adjacent structures (e.g. bottom transverses)

*

Exact values may be determined by direct calculations.

S = sofety factor
= 1,1 ingenera

= 1,2 for structures which are exclusively
exposed to local loads

= 1,05 for combinations of statistically inde-
pendent loads

For constructions of aluminium alloys the safety fac-
tors are to be increased in each case by 0,1.

A

reference degree of slenderness

_ Ren
K Oog

K

In general, the ratio plate field breadth to plate thick-
ness shall not exceed b/t = 100.

10.2  Proof of singleplate fields

10.2.1 Proof is to be provided made that the follow-
ing condition is complied with for the single plate
field ab:

(ox zsfz[cy EST _B{oxmyfsz}

Ky DRy Ky URey Ry
3
[T DSD\@] <10
Ke ORy

Each term of the above condition must be less than
1,0.

The reduction factors K, Ky and K; are given in Table
2.15 and/or 2.16.

Where o, <0 (tension stress), Ky =1,0.

buckling factor according to Table 2.15 and 2.16
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Where oy <0 (tension stress), Ky =1,0. e |
o ‘
The exponents e, & and e; as well as the factor B are n bm bl \
calculated or set respectively according to Table 2.14. : < 7 }
Table2.14 Exponentse; —e3and factor B ] ] ] J
‘ b b b b ‘
Exponentse; —e3 platefield
and factor B plane curved b < ey
4
€ 1+ Kx 1,25 ém = n [bm
€ 1+ky 1,25 n = integral number of the stiffener spacing b
2 inside the effective width em according to
e3 L4k Dy Ty 2,0 Table2.11
B
5 . e
ox and oy positive (KX Dky) 0 = int [?m]
(compression stress)
B Siffening vertical to web of girder:
Oy Or Oy negative 1 _ . .
(tension stress) e !
a .
1022 Effectivewidth of plating — |
The effective width of plating may be determined by - S
the following formulae: — T —
by, = Ky Ob forlongitudina stiffeners
am = Ky Oa for transverse stiffeners - —
see o Fig. 2.6. a  =€m
The effective width of plating is not to be taken €m = nUay < ey
greater than the value obtained from 7.2.1. en
n =270—<1
Note a
e = width of plating supported according to 7.2.1

The effective width e, of stiffened flange plates of
girders may be determined as follows:

Siffening parallel to web of girder:

For b > e, or a< e respectively, b and a must be
exchanged.
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Table2.15 Planeplatefields

Load case Edge.stress Aspect ratio Buckling factor K Reductions factor «
ratio y a
1 8,4 k=1 ford <A
12y =0 K =
v+ L1 1022
Kx= € [=—-—=—|for L > A
c c L Az
X Xi
E { gi 0=y=-11 o=l K=763-y(626-10W) | _(125.012y) <125
Yoy, Y G, _ < [, 0,88
A T K = (1-y) 5975 =3 [” I'TJ
2 (1 rR+FP@HE-R)
2 o YT o
1zy 20 a1
oy [T V°°y (LD | = (125-0,12y) <125
t QI
11721 (1+y) A
_y _ < < — = P/ |R=A|1-= for A <A
GYMMW'G), 0>y >-1| I<sa <15 |:[ a] I c or c
\M R =022 for A > A
- £ (139-10 \u)]
o
mg@hﬂﬁ}
c
12 +
oa>1,5 K=F1|Il+?J 2—’11(11 V) K,
E] B m-
\V ) F = [ - 5 JC] >0
- L (587+187a 22
o
2_42 2
8.6 Ap=A7-05 1<y <3
+ =2 10 )
o ¢y =1 foroydueto
direct loads
3 (1-y) 1-y
< -1 I1<a< K =F 5,975 F
v *=77 1 [ a :{1 -TIJZOforcy
due to bending (in general)
. 3 (1-y) K = || 1lzv 2 3.9675 ¢y =0 foroydue to bending
4 1 o ’ in extreme load cases
| . (e. g. w. t. bulkheads)
+0,5375 [—Q‘UJ ) ok
c(T+T2-4)
+1,87] _, 41
T=Ar+ T5n + 3
3 40,425 + 1/0%)
1 >2y>0 K= e
a>0
Ei K =4 [0,425+i2J(1 + )
| a-b |V 0 >y=-1 © K, = 1 forkh<0,7
5y (13,42 )
4 1
Ky = =5 forAi>07
Vo, Yo, 3 A+ 0,51
g t EQ IL2y>-1 >0 [0425+in En
o
ko
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Table2.15 Planeplatefields (continuous)

Load case Edge'stress Aspect ratio Buckling factor K Reductions factor «
ratio y o
E . K= K3
a ir% - axl  |K, =[5,34 +i2}
A v o}
~>~>T4>~>
a-b
S 0<a < 1 &—[4+§£’2i} K, =1 for<0,84
6 . 0,84
J K =K''r KTZT for A > 0,84
da K' = K according to load case 5
<1 r <t r = Reductions factor
Y eI o 4 d
oyt tt 1‘=(1'Ta)(l'T)
T—>—>>>7
with 3 <07 ana 9o <07
‘ a-b ‘ a b
ﬂ =1 forA<0,7
5 a> 164 |K=128 7 0 forA=D
X o
- 1
t — -
g ____% 1 5 T 925051
b a<l64 |K=—5 +056+0,13a
= ” * for A > 0,7
8
a>2 K = 6,97
o o 3
== E% <2 K= — 4254502
Kk, =1 forA<0,83
B
a >4 K=4
GX GX 4
= —] —a|4 1 0,22
g t g-ﬂ e 4 >0 >1 K = 4+[T:| 2’74 Ky = 1,13 |:I- 7:|
La—'bJ 4 forx > 0,83
a <1 K =— +2,07+0,67 o’
o
10 o> 4 K = 697
(i Gj 4—o |4
= ;% — 4>a>1 K= 697+ —=| 3l
<Ot_~b,‘ 4 )
a <1 K=— +207+40a
o

Explanations for boundry conditions

plate edge free
plate edge simply supported
plate edge clamped
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Table2.16 Curved platefield R/t <2500?

Aspect ratio

Load case b/R Buckling factor K Reductions factor
Kk, =1 2
b R K- 0y ®ROME " frnzod
E < 1,63 T *Jﬁ. W orA s,
K, = 1,274 -0,686 L
for0,4<A<1,2
0,65
b R b2 R2 2 KX = _}Lz
= > 1,63F K =203 - +225 | —
R t b-t for A > 1,2
p, = external pressure in
[N/mm?]
Ky =1 2
2 for L < 0,25
ESO,S5 K=1+——b
R t t K, = 1,233 -0,933
for0,25<i <1
2
§>o,5 R K = 0267 2 [3—3F} Ky = 03/23
! Rt RAR for 1 <2 <15
>04 v’ 2
=Y, ; Ky, = 0,2/M\
forA >1,5
BSE K:M+E_0,3R_'
R t R-t b 2

~|c
\Y
~17]

2 2
K = 0,3b_ +o,291[L
R2

as in load case la

b-t
K =K, -3
0,67-b> 705
ES8,7 E KT=|:28,3+ﬁi|
T R t R>-t>
2
bogs (R K, = 028 —2
R t R4R -t

forh <0,4
Kk, = 1,274 -0,686

for0,4<A <1,2

0,65

fork>1,2

Explanations for boundry conditions:

as follow:

plate edge free
plate edge simply supported
plate edge clamped

Load case 1b: k= 0,8/7»2 <1,0: load case 2: ky = 0,65/)»2 <1,0

1 For curved plate fields with a very large radius the k-value need not to be taken less than one derived for the expanded plane field.

2 For curved single fields. e.g. the bilge strake, which are located within plane partial or total fields, the reduction factor k may taken
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10.2.3 Websand flanges for continuous longitudinal stiffeners:
For non-stiffened webs and flanges of sections and _ p ObOa?
girders proof of sufficient buckling strength as for B 24 103 [N Ernm]
single plate fields is to be provided according to
10.2.1. for transverse stiffeners:
2
Note _ P Oa(n Ob)" [N cinm]
3
Within 0,6 L amidships the following guidance values ¢s L8 110
are recommended for the ratio web depth to web _
thickness and/or flange breadth to flange thickness: P = lateral oad [kN/n¥]
h, Fki = ideal buckling force of the stiffener [N]
flat bars; s 19,5 [k 2
" Fkix = — E Oly D10 for long. stiffeners
angle-, tee and bulb sections: a
: hw
web: - =600 \/? Fkiy = L OE OI, 010* for transv. stiffeners
f Y (n Eb)2 Y

flange: tﬂ < 19,5 \/?
f

by = by or by accordingtoFig. 2.7,
the larger value isto be taken.

10.3  Proof of partial and total fields

10.3.1 Longitudinal and transver se stiffeners

Proof is to be provided that the continuous longitudi-
nal and transverse stiffeners of partial and total plate
fields comply with the conditions set out in 10.3.2 and
10.3.3.

10.3.2 Lateral buckling

%a* % g g
Ren
05 = uniformly distributed compressive stress in

the direction of the stiffener axis [N/mny]
= oy for longitudinal stiffeners

= oy for transverse stiffeners

Op = bending stressin the stiffeners
= —MO + M;‘ [N/msz
Wy 010
Mo = bending moment due to deformation w of
stiffener
_ p, Ow
= R —=—— [NOnm|
G ~ Py
(Cf - pz) >0

M, = bending moment due to the lateral load p

Ix, Iy = moments of inertia of the longitudina or

transverse stiffener including effective width
of plating according to 10.2.2 [cm?]

b Ot3
12 (10
a O3
ly =2 —
12 (10
p; = nominal lateral load of the stiffener due to oy,
oy and T [N/mm?]
for longitudinal stiffeners:
2
t T [
Py = 8[%(51] +2 [T, [q,+\/_2 11}
for transverse stiffeners:
b n@f(,, A
==|2 +q|— | |1+——[+/2
by =2 206G, cp(n[b][ a[taj 2%
A
Oy = Oy |1+ X
x1 X ( b Dta]

Cx, ¢y = factor taking into account the stresses
vertical to the stiffener's axis and distrib-
uted variable along the stiffener's length

= 05(1+y)for Osy<1
0,5
= == for <0
1-y v
] = edge stressratio according to Table 2.15

Ay, Ay= sectiona area of the longitudina or trans-
verse stiffener respectively [mn]



| -Part3
GL 2003

Section 2 C Hull Structures

Chapter 2
Page 2—29

Yy :[r—t\/ReH DE[%+%}]20

for longitudinal stiffeners:

%2 20 : m; =147 m, = 0,49
a
B< 20 : m =19 m, = 0,37
for transverse stiffeners:
a 1,96
>205: m=037 m, = —
n Ob 1 2 n2
a <05 : m=049 m, - L47
n Ob n?
w = Wo+w;
Wy = assumed imperfection [mm]
2 Woy < b for long. stiffeners
250 250
nb

2 Wg < 2 for transv. stiffeners
250 250

however wgy< 10 mm

Note

For dtiffeners sniped at both ends wgy must not be

taken less than the distance from the midpoint of plat-
ing to the neutral axis of the profile including effective
width of plating.

wy; = deformation of stiffener due to lateral load
p at midpoint of stiffener span [mm)]
In case of uniformly distributed load the following
values for wy may be used:
for longitudinal stiffeners:

p Ob Oa*

W = -
384 0107 OE Ol

for transverse stiffeners:

5 Oa Op(n Ob)*
384 010" OE Ol Ocd

Ct = elastic support provided by the stiffener

[N/mm?]

_ U3 _
CGx = Fix D? D(l + cpx) for long. stiffeners
c _ 1
e ( 4 )
0,01 DL12 D310 Ol 1J
t° Ob
1+

CXG

Cxa =

v
(n Db)2
for transv. stiffeners

Cry ¢s Oy O 01 + cpy)

¢cs = factor accounting for the boundary conditions
of the transverse stiffener

1,0 for simply supported stiffeners

2,0 for partially constraint stiffeners

1

12 010t O, )
o010l Y -1
t° Oa

Cyo

Coy = 7

1+

_ _nDb+ 2a
Ga | 2a n Ob

2
} for nb=2a

(n Ob)?
.

2
= |1 for nb<2a
ZaJ

Wg = section modulus of stiffener (long. or trans-
verse) [cmd] including effective width of
plating according to 10.2.2

If no lateral load p is acting the bending stress oy, isto
be calculated at the midpoint of the stiffener span for
that fibre which results in the largest stress value. If a
lateral load p is acting, the stress calculation is to be
carried out for both fibres of the stiffener's cross sec-
tional area (if necessary for the biaxial stress field at
the plating side).

Note

Longitudinal and transverse stiffeners not subjected to
lateral load p have sufficient scantlings if their mo-
ments of inertia I and Iy are not less than obtained by

the following formulae:

_pszaZ W by & 4
| Re, tRE L
S

, =P dn 0" | o Chy W o [Omﬂ

y
7 oo %_cy % E
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10.3.3 Torsional buckling

= polar moment of inertia of the stiffener re-

Ip
10.3.3.1 Longitudinal stiffeners: lated to the point C [cnr]
_Ox OS <10 I+ = St Venant's moment of inertia of the stiffener
KT URey [cnv]
Kt =10 for Av <02
1 l,, = sectorial moment of inertia of the stiffener
= ————— for Ay > i g
> T>02 related to the point C [cmf]
Q+yF - ¥
€ = degree of fixation
0 =05(1+021() -02) + 3} 0
At = reference degree of denderness 2
= 1+1074 a
_ | Red L[ b, 4ha
oKiT ©13 3t3
g = = M £ +038 Of [N/rrmﬂ .
Ip a hy = web height [mm]
For Ip, I, 1, see Fig. 2.7 and Table 2.17.
ty = webthickness[mm]
bf bt f
- hj f 1y
s b = flange breadth [mm]
tw t tw ~
+ l<
b, ts = flange thickness [mm]
C .oy
X Ay = webarea hy Oy
e;=hw+t /2
Fig. 2.7 Main parameters of typical sections Ar = flangearea by [
Table2.17 Momentsof inertia of typical sections
Section Ip It l o
3 3 3 3
Fat bar hy, Oty h,, Ot (1 - bea Ty ) hy, Ot
3 mio* 3 o1o* w 36 010°
for bulb and angle sections:
hy O (] oggtw] | Ar D O (A +26A,)
Sectionswith | ¢ A, Oh2 ) 3 010* L hy 12 me® L At + A, J
bulb or flange L—W + A DefJ 1074
+
for tee-sections:
3
by Ot [1 - 0,63 i} b? Ot O€f
3 1ot by 12 (10°
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10.3.3.2 Transver se stiffeners

For transverse diffeners loaded by compressive
stresses and which are not supported by longitudinal
stiffeners, proof is to be provided in accordance with
10.3.3.1 analogoudly.

11. Evaluation of notch stress

11.1 Per missible notch stress

The notch stress ok evaluated for linear-elastic mate-
rial behaviour at free plate edges, e. g. at openingsin
decks, walls, girders, etc., should, in genera, fulfil
the following criterion:

Ok SfEReH

—
1l

1,1 for normal strength hull structural
steel

0,9 for higher strength hull structura steel
with Rgy = 315 N/mm2

0,8 for higher strength hull structura steel
with Rgy = 355 N/mmg2

0,73 for higher strength hull structural steel
with Rgy = 390 N/mm?

For auminium alloys the permissible notch stress has
to be determined individually concerning the respec-
tive alloy.

If plate edges are free of notches and corners are
rounded-off, a 20 % higher notch stress ox may be
permitted.

A further increase of stresses may be permitted on the
basis of afatigue strength analysis.

11.2 Notch factorsto evaluate actual notch
stress

11.2.1 The actua notch stress can be determined by
multiplying the nominal stress with the notch factor

Kt.

For some types of openings the notch factors are
giveninFigs. 2.8 and 2.9.

Where notch factors for circular holes can be de-
creased by reinforcement with a coaming, the values
for the notch factor K, have to be specially consid-
ered.

Note

These notch factors can only be used for girders with
multiple openings if there is no correlation between
the different openings regarding deformations and
stresses.

11.3  Openingsin decks contributing to longi-
tudinal strength

11.3.1 All openings in the decks contributing to
longitudinal strength must have well rounded corners.
Circular openings are to be edgereinforced. The
sectional area of the face bar is not to be less than:

A; =0,25 Od Ot [cmz]

d diameter of openings|[cm|

t

deck thickness [cm]

The reinforcing face bar may be dispensed with,
where the diameter is less than 300 mm and the
smallest distance from another opening is not less
than 5 x diameter of the smaller opening. The dis-
tance between the outer edge of openings for pipes
etc. and the ship's side is not to be less than the open-

ing diameter.
2
e B e
< —> 1
<—mv — |

<1 N —

_\44
-
[¢)]
N

2,5

Fig. 2.8 Notch factor K; for rounded openings

11.3.2 The corners of the opening are to be sur-
rounded by strengthened plates which are to extend
over at least one frame spacing fore-and-aft and
athwart-ships. Within 0,5 L amidships, the thickness
of the strengthened plate is to be equal to the deck
thickness abreast the opening plus the deck thickness
between the openings. Outside 0,5 L amidships the
thickness of the strengthened plated need not exceed
1,6 times the thickness of the deck plating abreast the
opening.
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Fig. 29 Notch factor K; for rectangular openingswith rounded cornersat uniaxial state of stresses (left)

and at multiaxial state of stresses (right)

11.3.3 The hatchway corner radius is not to be less
than:

r = n 0Ob (1 - BJ
B
fmin = 0,Am
1
n = —
200
Nmin = 011
Nmax = 0,25
4 = length of opening in[m]
b = breadth in [m], of the opening or total breadth

of openings in case of more than one. b/B
need not to be taken smaller than 0,4.

11.3.4 Where the corners of openings are elliptic or
parabolic, strengthening according to 11.3.2 is not
required. The dimensions of the elliptica and
parabolical corners shall be as shown in Fig. 2.10:

a>2c
c =r according to 3.3

Fig. 2.10 Dimension of elliptical or parabolical
corners

Where smaller values are taken for a and ¢, reinforced
insert plates are required which will be considered in
each individual case.

Actual notch stress calculated by FEM
methods

114

An exact distribution of notch stresses can be evalu-
ated by means of finite element calculations. For fa-
tigue investigations the stress increase due to geome-
try of cut-outs has to be considered.
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Steel and Aluminium Structures

1. General

11 Scope

The design principles and scantling requirements
specified in D. apply to the structure of motor and
sailing yachts with 24m<L <48m of normal
monohull form made from steel or aluminium aloys.
Application of these Rules for special designs or
shapes as for fast catamarans, etc., may be agreed
upon with GL.

The following contains definitions and principles for
using the scantling formulae as well as indications
concerning structural details.

1.2 Materials

The requirements for construction materials are de-
fined in B.2. and B.3. Materials with properties deviat-
ing from the requirements therein may only be used
upon special GL approval.

13 Welding

Welding work is to be in compliance with the Rules
for Classification and Construction Il —Materials and
Welding, Part 3—Welding. An excerpt thereof is
giveninB.

Shipyards and welding shops, including branches and
subcontractors, wishing to perform welding work and
to use specific welding procedures covered by these
Rules must have been approved for this work by GL.

2. Principlesfor structural design

2.1 General

211 The hull structural arrangement shall consist
of an effective strengthening system of bulkheads,
web frames, longitudinal girders, etc. as well as trans-
verse frames and/or longitudinal stiffeners. Longitudi-
nal stiffeners are to be supported by transverse web
frames or transverse bulkheads. Transverse frames are
to be supported by longitudinal girders or other longi-
tudinal structural members, see Fig. 2.11 and Fig.
2.12.

212 Careisto be taken to ensure structura conti-
nuity and to avoid sharp corners. Therefore abrupt
discontinuities of longitudina members are to be
avoided and where members having different scant-
lings are connected with each other, smooth transi-
tions have to be provided. At the end of longitudinal
bulkheads or continuous longitudinal walls, suitable
scarping brackets are to be provided.

ous through the transverse elements. Where longitudi-
nals 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. GL may alow
double brackets welded to the transverse element,
provided that specia attention is given to the align-
ment of longitudinals and full penetration welding is
used.

In case of continuous longitudinal stiffeners penetrat-
ing transverse structural members sufficient effective
welding section must be ensured between the two
elements.

214 Foors are to be fitted in line with transverse
frames or transverse webs. Alternatively, floors may
terminate at longitudina girders which in turn are
supported by transverse bulkheads or deep web rings.

215 Where frames, beams and stiffeners are inter-
costal at an intersecting member, the connections have
to provide continuity of strength.

216 Saling yachts shall have transverse bulk-
heads or equivalent structures in way of mast(s) in
order to achieve adequate transverse rigidity. Bulk-
heads or deep brackets are to be provided in way of
chain plates. Any other arrangement shall be subject to
specia approval.

2.2 Longitudinal strength

Under certain conditions after consultation with GL, a
check of longitudinal strength isto be carried out.

2.3 Bulkheads

2.3.1 Number and location of watertight bulkheads
should be considered in an early design phase to en-
sure compliance with these Rules and other relevant
regulations, if applicable. For the arrangement of
bulkheads see al'so Section 3, D.8.

2.3.2 Collision bulkhead

The collision bulkhead shall extend watertight up to
the freeboard deck. Steps or recesses may be permit-
ted.

Openings in the collision bulkhead shall be watertight
and permanently closed in sailing condition. Closing
appliances and their number shall be reduced to the
minimum, compatible with the design and proper
working of the yacht.

Where pipes are piercing the collision bulkhead,
screwdown valves are to be fitted directly at the colli-
sion bulkhead. Such valves are to be operable from
outside the forepeak.
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Deck longitudinals (secondary)

Deck transverses (primary) I f r

Side longitudinals
(secondary)

Web frames —— ]
(primary)

Tank top

<

Tank top longitudinals
(secondary)

Logitudinal

Floors (primary) Bottom girders (primary)

longitudinals
(secondary)

Fig. 211 Definition of primary and secondary members of the hull structure (longitudinal framing system)

Deck beams (secondary)

Deck girders (primary)
Stringer (primary) — _J

_—

Side frames
(secondary)

Tank top

Floors (primary)

Longitudinal
girders (primary)

Fig. 2.12 Definition of primary and secondary members of the hull structure (transver se framing system)
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2.3.3 Sterntubebulkhead

All yachts are to have a stern tube bulkhead which is,
in general, to be so arranged that the stern tube and the
rudder trunk are enclosed in a watertight compart-
ment. The stern tube bulkhead shall extend to the
freeboard deck or to a watertight platform situated
above the load waterline.

Where a complete stern tube bulkhead is not practica-
ble, only watertight void spaces enclosing the stern
tube entrance, providing the possibility for a second
watertight sealing may be provided after agreement
with GL. The same arrangement can be applied for the
rudder trunk.

2.3.4 Remaining watertight bulkheads

Remaining watertight bulkheads are, depending on the
type of the yacht and the Classification for damage
stahility, to extend to the freeboard deck. Wherever
practicable, they shall be arranged in one transverse
plane, otherwise those portions of decks situated be-
tween parts of transverse bulkheads are to be water-
tight.

It is recommended that bulkheads shall be fitted sepa-
rating the machinery space from service spaces and
accommodation rooms forward and aft and made
watertight and gastight up to the freeboard deck.

235 Bulkhead tiffening

Bulkhead stiffening members are to be located in way
of hull and deck longitudina girders or stiffeners
respectively. Where vertica stiffeners are cut in way
of watertight doors, reinforced tiffeners are to be
fitted on each side of the door opening and crossbars
are to be provided to support the cut-off stiffeners.

2.3.6  Openingsin watertight bulkheads

2.3.6.1 Type and arrangement of doors are to be
submitted for approval.

In watertight bulkheads other than collision bulkheads,
watertight doors may be fitted. Below the deepest |oad
waterline, they are to be constructed as dliding doors,
exemptions may be granted on case by case. Above
that waterline, hinged doors may be approved.

Watertight doors are to be sufficiently strong and of an
approved design. The thickness of plating is not to be
less than the minimum thickness according to 4.3.

Openings for watertight doors in the bulkheads are to
be effectively framed such as to facilitate proper fit-
ting of the doors and to guarantee watertightness.

2.3.6.2 Watertight bulkhead doors and their frames,
are to be tested before they are fitted onboard by a
head of water corresponding to the freeboard deck
height or the results from damage stability calculation.
Alternatively watertight doors may be used which

have been type approved in accordance with GL spe-
cial acceptance procedure. After having been fitted on
board, the doors are to be soap-tested for tightness and
to be subject to an operational test.

2.3.6.3 Penetrationsthrough watertight bulkheads

Where bulkhead fittings are penetrating watertight
bulkheads, care is to be taken to maintain watertight-
ness. For penetrations through the collision bulkhead
2.3.2isto be observed.

24 Openings

24.1 In highly stressed areas openings are to be
generally avoided.

Bulwark openings shall not be located at ends of su-
perstructures.

2.4.2  Corners of all openings in strength structures
are to be well rounded. If necessary, the shape of the
openings is to be designed to reduce stress concentra-
tions.

25 Sidedoors

251 In general, doors in the side shell shall not
extend below the load waterline.

252 Door openings in the shell are to have well
rounded corners and adequate compensation of the
opening isto be arranged with web frames at sides and
stringers above and below. In general the strength of
side doors is to be equivalent to the strength of the
surrounding structure.

25.3 Doors shal preferably be designed to open
outwards.

2.6 Bottom structure

26.1 Generaly, a centreline girder shall be fitted
for docking purposes unless sufficient strength and
stiffnessis already achieved by the external keel or the
bottom shape. Additional bottom girders may be ap-
propriate. The centreline and the off-centreline bottom
girders are to extend as far forward and aft as practi-
cable. The girders shall be fitted with a continuous
face plate.

Lightening holes in girders shall generally not exceed
half the depth of the girder and their length shall not
exceed half the frame spacing.

2.6.2 Floors or equivalent structura components
are to be fitted in the area of the engine foundations,
the rudder skeg and the propeller bracket, if applica
ble. Plating is to be locally increased in way of rudder
bearings, propeller brackets and stabilizers by 1,5
times of the adjacent plate thickness.
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2.6.3 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.

2.6.4 Incase of sailing yachts with ballast keel, the
bottom structure is to be reinforced due to additional
loads transmitted by the keel. Specia care is to be
taken with the structural support of fin keel’s leading
and trailing edge.

2.7 Engine foundation

The foundation shall be constructed for the proper
transmission of forces in the transverse and longitudi-
nal directions. Longitudinal girders forming seatings
of the engine, the gearbox and the thrust block shall
therefore extend to the engine room bulkheads and are
to be supported transversely by floors, web frames or
wing bulkheads. Floors in the engine room are gener-
aly to be fitted at every frame. Additiona intermedi-
ate frames may be appropriate.

2.8 Side structure and bulwarks

2.8.1 Side frames shall be connected to keel floors
and deck beams by brackets. Alternatively, a continu-
ous transition between such elements is to be ade-
guately rounded.

Continuity of longitudinal stiffeners is to be ensured,
if applicable.

2.8.2 Bulwark plating isto be determined by apply-
ing the side design pressure for the relevant vertical
height. Bulwark stanchions must be in line with trans-
verse beams or adequate substructure must be pro-
vided by other means. Bulwarks are to be provided
with freeing ports of sufficient size, see Section 3,
D.5.

29 Tank structures

29.1 The fore peak shall not be used for carrying
fuel ail.

29.2  Fresh water tanks are to be separated from
other tanks such as waste water tanks by cofferdams.
The same applies to fuel tanks. Generaly, aso tanks
such as lubricating or hydraulic oil tanks shall be
separated from each other by equivalent means.

29.3 Eachtank isto be fitted with air pipes, over-
flow and sounding pipes, see Section 1, C.7.11.

210 Deck

2.10.1 In case of longitudinal deck stiffeners, deck
beams are to be located in way of the vertical web
frames of the side shell. Structural continuity of the
stiffenersisto be ensured, see Fig. 2.11.

2.10.2 In case of atransversely stiffened deck, deck
beams are to be generaly fitted at every frame and

shal be in line with the side stiffening members, see
Fig. 2.12.

211  Superstructuresand deckhouses

2111 Ends of superstructures and deckhouses are
to be sufficiently supported by bulkheads, pillars or
other equivalent arrangements. Superstructure front
and aft bulkheads are to be aligned with bulkheads in
the hull or must be equivalently supported by pillars.

In extension of superstructures and deckhouses, gird-
ers shall be arranged under the main deck extending at
least three frame spaces beyond the ends of the longi-
tudinal walls. These girders shall overlap the longitu-
dinal walls at least by two frame spaces.

2.11.2 Webframes or partia bulkheads are to be
provided to ensure transverse rigidity in large deck-
houses. The strength members are to be suitably rein-
forced in the area of masts and other load concentra-
tions.

As arule, the spacing of gtiffeners on sides of super-
structures and deckhouses are to be the same as those
of beams on supporting decks.

2.11.3 Structural discontinuities and rigid points are
to be avoided. When the strength of a structural ele-
ment is reduced by the presence of an attachment or
an opening, proper compensation is to be provided.
212  Pillars

For the structural arrangement of pillars see 4.6.

2.13 Further design principles

Further design principles for metallic structures are
summarized in C.

3. Design loads

31 General

311 For "high speed" motor yachts which are
capable of speeds:

v = 7,2 0Y0 [kn]

O = moulded volume [m?] according to A.6.6.

The relevant design loads and scantling requirements
of the GL Rules Part 1 — Seagoing Ships, Chapter 5—
High Speed Craft apply.

3.1.2 Thedesignloads for sailing and motor yachts
not considered as of the "high speed" type are speci-
fied in the following. The design loads are to be ap-

plied at the following load points:
—  for panels: lower edge of the plate

—  for structural members: centre of the area sup-
ported by the element
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3.1.3 Definition of symbols
Lsc = scantling length [m]
_ Ly + Lw

2

Ly = length of the yacht's hull measured parallel to
the design waterline [m], see Fig. 2.13

LwL = length of the yacht from the foreside of the

stem to the after side of the stern or transom,
measured at the design waterline [m], see Fig.
2.13

Ty = seA6210

3.2 L oads on hull

3.21 Theload py on the yacht's hull is to be deter-
mined as follows:

z
pH = 10 D—H Ll_ﬁj + CRY DCp DCL

Vo a
dL 1+ ————| Ucos| —
= [ 3 DJLSCJ [lsj
Cp = panel size factor as a function of f, see also
Fig. 2.14

= 054 Of% - 1,29 Of + 1

a - 250
55 OLge + 550

a = panel's short span respectively load span of
stiffener [mm], not to be taken > 1 300 mm

¢, = hull longitudinal distribution factor

= for sailing yachts, see Fig. 2.15, ¢ is:

— for < 0:

WL
c. =080 for L

24m
c. =060 for L =48m

— for 0 <

< 0,65:
WL

X

c. =080 + 0,615 [
WL
for L = 24m

c, =060 + 0,538 O
WL
for L = 48m

— for > 0,65:

LwL

c. =120 for L =24m

c. =095 for L =48m

= for motor yachts, see Fig. 2.16, ¢ is:

— for < 0:

Lwi
c. =085 for L =24m

c. =065 for L =48m

X

— for 0 < < 0,5:

Lwi

c, =085 +08 02— for L=24m
WL

c =065+ 07 O~ for L =48m

WL
~ for -2~ > 0,65:
WL
¢ =125 for L = 24m

c. =100 for L =48m

z = vertica distance between the load point and
the moulded base line [m], see Fig. 2.13
a = B — 20° for sailing yachts (not smaller than 0°)
= B — 5° for motor yachts (not smaller than 0°)
B = deadrise angle at the load point, see Fig. 2.13
cry = factor for restricted range of service, see

Section 1, A.7.

0,95 for M, restricted international service
0,90 for K, coastal service

0,85 for W, sheltered water service

3.22 In any case the load py shall not be smaller
than:

Pumin =10 OH [kN/mz]

for the area of the hull below the full displacement
waterline

PHmin =5 UH [kN/mz]

for the area of the hull above the full displacement
waterline

3.23 The design load for the ballast keel area of
sailing yachts as indicated in Fig. 2.19 shall be taken
as:

Pkee = 2 Upy
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Fig. 213 Characteristic parametersfor panels of a motor yacht’shull
33 L oads on weather decks
— for 0,05 < < 0,25:
3.3.1 Thedesign pressure on westher decksisto be W
determined according to the following formula: Cp =125 - X
Lwi
L
= 2,7 Ocp O |—X
Pp D Ty + 2 X
— for 0,25 < i < 0,70:
Pomin = 6,0 [N/m? WL
z = local height of weather deck above WL [ ¢p =100
cp = deck longitudinal distribution factor
— for 0,70 < < 0,90:
= for sailing yachts, see Fig. 2.17, cp is WL

— for < 0,05: cp=120

WL

=250 -075
L
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— for 2 0,90: cp =150 — for 0,25 < < 0,70:
Lwi Lwi
= for motor yachts, see Fig. 2.18, ¢p is: cp =100
— for < 0: X
L — for 0,70 < < 1,00:
WL
cp =110
CD :2 '_LX + E
— for 0 < < 0,25: 3 Ly I
WL
—110 — X — for 2 100: cp=120
=110 -04 Dm WL
Cp
1,10
1,00
0,90 -
0,80 -
0,70 -
0,60 -
0,50 -
0,40 -
0,30 -
0,20 -
0,10
0,00 T T T T T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 f

Fig. 2.14 Panel sizefactor cp
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Fig. 2.15 Hull longitudinal distribution factor for sailing yachts ¢,
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Fig. 2.16 Hull longitudinal distribution factor for motor yachts ¢,
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34 L oads on super structures and deckhouses zgy = vertical distance from the load centre to the

341 Loadson walls
3.4.1.1 Frontwalls

The design load is:

Parw =15 Opp | kN/m? |
3.4.1.2 Sidewalls
The design load is:

pasw =12 Opp [ kN/m?|

34.1.3 Aftwalls
Thedesignload is:

Paaw = 0.8 Upp [kN/sz

3.4.2 Loadson superstructure decks

The load on decks of superstructures and deckhouses
is based on the load on the weather deck according to
3.3 and is defined by the following formula:

pDA = pD On (0,7 D%J + 0,3

z-H
10

n =1-

vertical distance of the deck above the base
line [m]

N
1

b' = breadth of the deckhouse/superstructure [m]

B' = largest breadth of the yacht at the longitudinal
position considered [m]

35 L oads on accommodation decks

The load on accommodation decks can be assumed as;
pL = pc Ocp [kN/sz

pc = to be defined by the designer in connection
with the owner's specification [KN/m?]

pCm|n: 3,5 kN/m2

¢p = deck longitudina distribution factor accord-
ingto Fig. 2.17 and 2.18

3.6 L oads on bulkheads

3.6.1 Coallision bulkhead
The design load is:

PceH =115 Dzgy [kN/mz]

top of the bulkhead [m]

3.6.2 Other bulkheads
Thedesignload is:

Pey = 10,0 Ozgy [kN/mz]
3.7 L oads on tank structures
Thedesignload is:

pT = 10,0 DZT

]

zr = vertica distance from the load centre to the
top of the tank overflow [m]
= not to betaken lessthan 2,0 m
4, Scantlings

41 General

For the scantlings of "high speed” motor yachts see
3.1.1.

411 Rounding-off tolerances

If the determined plate thickness differs from full or
half mm they may be rounded off to full or half mm
up to 0,2 mm or 0,7 mm; above 0,2 and 0,7 mm they
are to be rounded up.

41.2 Corrosion allowances

The following, reduced corrosion allowances may be
applied for yachts, if special care for maintenance and
special attention for measures of corrosion protection
can be assumed.

4121 Sted

The scantlings require the following allowances ti to
the theoretical, rounded-off plate thickness:

-  tk = 05mm ingenerd

- tk = 0,7mm for lubrication oil, gas oil or
equivalent tanks

—  tk = L,0mm for water balast and heavy ail

tanks

for special applications tx shall be agreed with
GL

For al elements of the yacht's structure which are
forming a boundary of tanks, the tx values for tanks

have to be considered.
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Fig. 2.17 Deck longitudinal distribution factor cp for sailing yachts
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Fig. 2.18 Deck longitudinal distribution factor cp for motor yachts
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4.1.2.2 Aluminium alloys

If the measures for corrosion protection described in
B.6. are fully applied, the corrosion allowance tx can
be assumed as 0 for the types of aluminium alloys
defined in B.3.4 and B.3.5. In any way tx shall not be
less than the fabrication tolerances, see GL Rules |1 —
Materials and Welding, Part 1 — Metallic Materials,
Chapter 3 — Non-Ferrous Metals.

413 Minimum plate thickness

In general the minimum plate thicknesses for steel and
aluminium alloy structures defined in Table 2.18 shall
be met. In exceptional cases other values may be
agreed with GL.

Table2.18 Minimum plate thickness for steel
and aluminium plating

Minimum
Element thickness
[mm]
Bottom shell plating 0,9 Ok OL
Side shell plating 0,8 Ok OL
Deck plating 0,7 Ok 0OL
All other strength relevant
. 3,0
plating
k = materia factor
= for stedl accordingto B.2.1 and B.2.2
= for auminium = k,, according to B.3.8

4.2 Keel

421 Flat plate keel and garboard strake

4.2.1.1 The width of the flat plate keel b is not to be
less than:

b = (650 +5 OL) OVk
k = materia factor, see 4.3.1

4.2.1.2 The thickness of the flat plate keel is not to
be less then:

tkeel =t+ 20 [mm]
t = thickness of the adjacent bottom plating
[mm]

Where a single bottom plating is provided, the thick-
ness of the flat plate keel and the garboard strake is to
be adequately increased in the machinery space.

These requirements for the flat plate keel are valid for
motor yachts. For sailing yachts scantlings of the
ballast keel area (refer to Fig. 2.19) and the ballast

keel itself are to be determined for a design load of
Pked = 2 [PH (see3.2.3).

422 Bar ked

Where a bar kedl is provided, its height h and thick-
nesst are recommended to be determined according to
following formulae:

h = (1100 +110) OWk [mm)]

t =(06 0L +12) OVk [mm]

k = materia factor, see 4.3.1

The adjoining garboard strake shall have the scant-
lings of aflat plate keel. Minor deviations of the above
values are admissible provided the required sectional
areais maintained.

4.3 Plating

4.3.1 The thickness of the plating of hull, decks,
superstructures, bulkheads and tanks is not to be less
than:

t =2240a0P Ofy Ofe + t [mm)
Operm

a = shorter span of panel [m], respectively frame
spacing a

b = longer span of panel in [m]

p = applicable design load

= py on hull according to 3.2
= pp on weather deck according to 3.3

= pa on superstructures and deckhouses accord-
ingto 3.4

= p. on accommodation decks according to 3.5
= pgn ON watertight bulkheads according to 3.6

= printanks according to 3.7
185 2
Operm = T [N/mm}

k = materia factor for steel materials according
to B.2.1 and B.2.2 as well as for aluminium
alloys according to B.3.8

fa = aspect ratio factor

=054+O,23[|E forlsESZ
a a

:1forE>2
a

fc = correction factor for plate panels with ssimple
convex curvature according to C.3.

tx = corrosion allowance according to 4.1.2
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432 Compliance with minimum thickness re-
quirements according to 4.1.3 is always mandatory.

4.4 Structural members
441 General

The following formulae to determine the required
section modulus and shear area apply to stiffeners,
frames, floors, beams and girders. They are valid for
stiffening members with webs either perpendicular to
the plating or deviating not more than 15° from the
perpendicular. In case this angle a exceeds 15°, the
required values are obtained by dividing the results of
the following formulae by cos a.

4.4.2  Section modulus

The section modulus W of a stiffening member re-
quired for support of the plating loaded with the de-
sign pressure is not to be less than:

c Op Oa 0¢?
o

W = Of s

perm

(@]
1

correction factor for boundary conditions

83 for both ends constraint, see C.6.

125 for one or both ends simply supported,
see C.6.

Q
1

load span [m]

~
1

unsupported length of stiffener [m], see C.5.

correction factor for plate panels with smple
convex curvature according to C.4.

Operm = permissible stress
% [N/msz

material factor for steel materials according
to B.2.1 and B.2.2 as well as for aluminium
alloys according to B.3.8

>
1

443 Shear area

The shear area, i.e. the cross sectiona area of the web
of the stiffening member A is not to be less than:

A = 5 Op Da 0O¢ [sz]
Tperm

p, a /, kasdefinedin 4.4.2

permissible shear stress

% [N/msz

Tperm

444  Brackets
Required scantlings for brackets are defined in C.6.3.

applicable design load [kN/m?] according to 3.

45 Permissible equivalent stress

451 The equivaent stress o, for hull structural
membersisto be determined according to:

c:\/oz+3Dr2 N/ mm?
v b [/ :I

bending stress [N/mn¥]

Op

T shear stress [N/mm?]

452 The eguivalent stress for steel structures is
not to exceed the following value:

_ 190 2
o, = e [N/mm J
k = materia factor for steel according to B.2.1
and B.2.2

453 The equivalent stress for aluminium struc-
turesis not to exceed the following value:

o, = % [N/msz

kas, = material factor for aluminium according to

B.3.8
4.6 Pillars
46.1 General

4.6.1.1 Structura members at heads and heels of
pillars as well as substructures are to be constructed
according to the forces they are subject to. Pillars shall
rest on girders, floors or other pillars. Openings in
webs of floors and girders below pillars are to be
avoided. Where pillars on the inner bottom are not in
way of intersections of floors and girders, partia
floors or other structures are to be provided to support
the load transmitted.

4.6.1.2 At the head and the heel of tubular pillars,
plates are generally to be arranged. The connection is
to be so dimensioned that at least 1 cm? cross sectional
areaisavailable for 10 kN of load.

4.6.1.3 Where possible, upper deck pillars shall be
aligned with pillars below. Stiffeners ensuring effi-
cient load distribution are to be fitted at the ends of
pillars.

4.6.1.4 Pillarsin tanks are to be checked for tension.
Tubular pillars are not permitted in tanks for flamma-
bleliquids.

4.6.2 Definition of loads and geometric parame-
ters

Ps = pillar load [kN]

pLDA-l'PI
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p. = load on decks[KN/m?] according to 3.3 to 3.5
A = load areafor onepillar [n¥]
P, = load from pillars located above the pillar
considered [kN]
s = length of the pillar [cm]
= moment of inertia of the pillar [cm?] consid-
ering effective width
ls = Ag 0i3

As = sectiona areaof the pillar [cm?]

is = radiusof gyration of the pillar [cm]
= 0,25 s for golid pillars of circular cross
section
= 0,25/ d2 + d?
da = outside diameter of tubular pillars[cm]
di = insidediameter of pillar [cm]
ds = pillar diameter of solid pillars [cm]

4.6.3 Bucklingcriterion

The chosen scantlings of a pillar have to meet the
following buckling criterion:

11 oy
K OReq

<1

In case of aluminium alloy pillars Rgy is to be substi-
tuted by RpO,Z (sceB.3.8)

Oy = buckling stress in longitudinal direction of
the pillar [N/mn¥]
v OR; 010
Oy = ————
As
\Y = safety factor
= 1,50
K = reduction factor
K =t
@+ @ - A
o =05(1+n, (A-02)+»)
np = 0,34for pipesand box sections
= 0,49 for open sections

A = R;CH
\/ Oki

Reqy = minimum nominal upper vyield stress
[N/mm?] according to B.2.1 and B.2.2

Oki = pillar buckling stress [N/mnv]

™ CE Og
2 Ok3 DAg
E = modulus of elasticity [N/mm?]

ks = 1,0 in genera. For pillars which end sup-
ports can be considered as rigidly fixed, kg
may be reduced accordingly.

46.4 Minimum wall thickness

The wall thickness of tubular pillars which may be
expected to be damaged during equipment handling,
etc. is not to be less than:

4,5 + 0,015 d,  [mm|
for d, < 300 mm

tw

0,03 d, [mm|
for d, > 300 mm

tw

4.7 Foundationsfor main propulsion engines

471 General

4.7.1.1 The following requirements apply to diesel
engines, gears and generators.

4.7.1.2 The rigidity of the engine seating and the
surrounding bottom structure must be adeguate to
keep the deformations of the system due to the loads
within the permissible limits. In specia cases, proof of
deformations and stresses may be required.

4.7.2 Due regard is to be paid, at the initial design
stage, to a good transmission of forces in transverse
and longitudinal direction.

4.7.3  The foundation bolts for fastening the engine
at the seating shall be spaced no more than 3 x d apart
from the longitudinal foundation girder. Where the
distance of the foundation bolts from the longitudinal
foundation girder is greater, proof of equivalenceisto
be provided.

d = diameter of the foundation bolts

4.7.4  In the whole speed range of main propulsion
ingtallations for continuous service resonance vibra-
tions with inadmissible vibration amplitudes must not
occur; if necessary structural variations have to be
provided for avoiding resonance frequencies. Other-
wise, a barred speed range has to be fixed. Within a
range of —10% to + 5 % related to the rated speed
no barred speed range is permitted. GL may require a
vibration analysis and, if deemed necessary, vibration
measurement.
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4.75 Longitudinal girders

4751 The thickness of longitudinal girders for
internal combustion enginesis not to be less than:

_ P + G |37
nOeg Oc 280) ¢

1

Cc =1- —
0,025 OVP
0,2 <c <05 for 4-groke engines
=1 - ;
0,05 0P
> 0,5 for 2-stroke engines

tmin = 0,4 Ot, [mm]

tp = thicknessof top plate, see 4.7.5.3

P = rated driving power of the engine [KW]

n = rated speed at output [1/min]

G = weight of engine [kN]

lm = bolted length of engine on foundation [m]
g = distance of thelongitudinal girders[m]

The web thickness of longitudinal girders for elasti-
cally mounted four-stroke internal combustion engines
may be reduced to

t' = 0,4 Ot
if brackets are provided below the mountings, besides
each bolt. The web thickness may be reduced to

t' = 0,9 Ot

if two longitudinal girders are provided at each side of
an internal combustion engine.

4.7.5.2 The thickness of the longitudinal girders for
gears or generators is not to be less than:

P
n Oeg [fm + le

rated output of gear or generator [kW]

t =

P

e, /m= seed 751

4.7.5.3 The sizes of the top plate (width and thick-
ness) shall be sufficient to attain efficient attachment
and seating of the engine and — depending on seating
height and type of engine — adequate transverse rigid-
ity.

The thickness of the top plate shall be:

tp = 0,9 Od [mm]

d = diameter of the foundation bolts [mm]

The cross sectional area of the top plate is not to be
less than:

Ar =2 + 30 [cmz} for P < 750 KW
15

Ar =0 + 70 [cmz] for P > 750 kW
75

P = se4751

Where twin engines are fitted, a continuous top plate
is to be arranged in genera if the engines are coupled
to one propeller shaft.

4754 Top plates are preferably to be connected to
longitudinal and transverse girders thicker than
approx. 15 mm by means of a double bevel butt joint
(K buitt joint).

4.8 Transverse support of longitudinal girders
4.8.1  The sectional modulus and the cross sectional

area of the floor plates between longitudinal girders
are not to be less than:

W = (120 OP o DG] 7 Da [cm?’]
n ‘m
Ag= 0,35 Oa OG [sz]
fm
a = distance of the floor plates [m]. For all other

parameters see 4.7.5.1.

4.8.2 Thelongitudinal girders of the engine seating
are to be supported transversely by means of web
frames or wing bulkheads.

4.9 Foundationsfor deck machinery and
moor ing equipment

4.9.1 For deck machinery, like anchor windlasses,
mooring winches, boat davits, etc. the most critica
operationa loads have to be considered for an analy-
sis.

49.2  For windlasses and chain stoppers the acting
forces on the foundation are to be calculated for
100 % of the rated breaking load of the chain cable.
The resulting normal stress in the supporting structure
shall not exceed the minimum nominal upper yield
point Rgy. Shear stressisto be within:

ReH

NE]
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E. Motor and Sailing Yachts, 24 m<L <48 m, to provide structural support, they are generally to be
Composite Structures bonded by laminate angles on both sides.
1 General 212 Careisto be taken to ensure structura conti-
' nuity and to avoid sharp corners and abrupt changesin
11 Scope section and shape.

1.1.1 The following specifies requirements for
design and construction of hulls for motor and sailing
yachts with 24 m< L <48 m, made from composite
materials. The term composite refers to fibre rein-
forced plastic (FRP) materials of the single skin type
or to FRP skins in conjunction with lightweight core
materials, i.e. sandwich types. For lengths L above
48 m specia considerations for the extrapolation of
these Rules have to be agreed with GL. The require-
ments apply also to hulls of cold-moulded wood con-
struction.

1.1.2 The following may be aso used for craft
other than yachts, like work boats, patrol boats, etc.
For such craft an additional safety factor of 1,2 regard-
ing permissible stresses shall be applied.

1.1.3 Different types of fibres and the multitude of
fibre arrangements, as well as different core materials
give rise to sophisticated laminate lay-ups of compo-
nents specifically designed for the loads expected.
Strength and stiffness calculations for such structures
require careful analysis.

1.2 Materials

121 Regarding FRP and core materials, the GL
Rules Il — Materials and Welding, Part 2 — Non-
metallic Materials, Chapter 1 — Fibre Reinforced Plas-
tics and Adhesive Joints apply. An excerpt of these
Rulesiscontained in B.7.

1.2.2 The actua mechanical properties of al FRP
layers and the core materials have to be submitted to
GL and are to be verified by tests. The information
about the properties shall also include nominal thick-
ness of each ply, specific weight per area and fibre
content.

2. Design principles
21 General structural arrangement

211 The hull structural arrangement shall consist
of an effective strengthening system of bulkheads,
web frames, longitudinal girders, etc. as well as trans-
verse and/or longitudinal frames or stiffeners. Longi-
tudinal stiffeners are to be supported by transverse
web frames or transverse bulkheads. Transverse
frames are to be supported by longitudinal girders or
other longitudinal structural members.

Where bulkheads, bunks, shelves, or other structurally
effective interior components are laminated to the hull

Where frames, beams and stiffeners are intercostal at
an intersecting member, the connections are to provide
continuity of strength.

2.1.3 Foors are to be fitted in line with transverse
webs or transverse frames. Alternatively, floors may
terminate at longitudina girders which in turn are
supported by deep web rings or transverse bulkheads.
Floors or equivalent stiffeners are to be fitted in the
area of the engine foundations, the rudder skeg and the
propeller bracket, if applicable. For sailing yachts with
short ballast keels, a reinforced floor at the leading
and trailing edge of the keel isto be arranged.

214  Sailing craft shall have transverse bulkheads
or equivalent structures in way of mast(s) in order to
achieve adequate transverse rigidity. Transverse bulk-
heads or deep brackets are to be provided in way of
chainplates.

22 Longitudinal strength

Under certain conditions after consultation with GL a
check of longitudinal strengthisto be carried out.

2.3 Bulkheads

2.3.1  Number and location of watertight bulkheads
should be considered in the early design phase to
ensure compliance with these Rules and possibly other
relevant regulations.

Bulkhead stiffeners, where required, are to be aligned
with hull girders. Where vertical stiffeners are cut in
way of watertight doors, reinforced stiffeners are to be
fitted on each side of the door opening and crossbars
are to be provided to support the cut-off stiffeners.

2.3.2 Collision bulkhead

The collision bulkhead shall extend up to the free-
board deck. Steps or recesses may be permitted.

Openings in the collision bulkhead shall be watertight
and permanently closed in sailing condition. Closing
appliances and their number shall be reduced to the
minimum, compatible with the design and proper
working of the yacht.

Where pipes are penetrating the collision bulkhead,
screwdown valves are to be fitted directly at the colli-
sion bulkhead. Such valves are to be operable from
outside the forepeak.

2.3.3 Sterntubebulkhead

All yachts are to have a stern tube bulkhead which is,
in general, to be so arranged that the stern tube and



Chapter 2 Section 2 E  Hull Structures

Page 2-48

| -Part3
GL 2003

rudder trunk are enclosed in a watertight compart-
ment. The stern tube bulkhead shall extend to the
freeboard deck or to a watertight platform situated
above the load waterline.

Where a complete stern tube bulkhead is not practica-
ble, only watertight void spaces enclosing the stern
tube entrance, providing the possibility for a second
watertight sealing may be provided after agreement
with GL. The same arrangement can be applied for the
rudder trunk.

234 Remaining watertight bulkheads

Remaining watertight bulkheads are, depending on the
type of yacht and the Classification for damage stabil-
ity, to extend to the freeboard deck. Wherever practi-
cable, they shall be situated in one frame plane, oth-
erwise those portions of decks situated between parts
of transverse bulkheads are to be watertight.

It is recommended that bulkheads shall be fitted sepa-
rating the machinery space from service spaces and
accommodation rooms forward and aft and made
watertight and gastight up to the freeboard deck.

235 Openingsin watertight bulkheads

2.35.1 Type and arrangement of doors are to be
submitted for approval.

In watertight bulkheads other than collision bulkheads,
watertight doors may be fitted. Below the deepest |oad
waterline, they are to be constructed as dliding doors,
exemptions may be granted on case by case. Above
that waterline, hinged doors may be approved.

Watertight doors are to be sufficiently strong and of an
approved design.

Openings for watertight doors in the bulkheads are to
be effectively framed such as to facilitate proper fit-
ting of the doors and to guarantee watertightness.

2.3.5.2 Watertight bulkhead doors and their frames
are to be tested before they are fitted onboard by a
head of water corresponding to the freeboard deck
height or the results from damage stability calculation.
Alternatively, watertight doors may be used which
have been type approved in accordance with GL spe-
cial acceptance procedure. After having been fitted on
board, the doors are to be soap-tested for tightness and
to be subject to an operational test.

2.3.5.3 Penetrationsthrough watertight bulkheads

Where bulkhead fittings are penetrating watertight
bulkheads, care is to be taken to maintain watertight-
ness. For penetrations through the collision bulkhead
2.3.2iisto be observed.

24 Openings

Corners of all openingsin strength structures are to be
well rounded. If necessary, the shape of openingsisto

be so designed as to reduce stress concentrations.
Structura integrity must be maintained around open-
ings. In highly stressed areas openings should be
avoided asfar aspossible.

25 Bottom structure

251 In genera, continuous longitudinal girders
are to be provided and shall extend as far aft and for-
ward as practicable. A centreline girder is to be fitted
for docking purposes unless sufficient strength and
stiffnessis already achieved by the external keel or the
bottom shape.

252 Size and location of cut-outs in floors and
girders must be appropriately designed for the occur-
ring loads. Particularly at the ends of floors and gird-
ers sufficient shear areaisrequired.

253 A floor or a girder is to be provided under
each line of pillars.

25.4 Incase of adouble bottom, manholes must be
arranged for accessto al parts of the double bottom.

255 Where solid ballast is fitted, it is to be se-
curely positioned. If necessary, intermediate floors
may be fitted for this purpose.

If aballast kedl is fitted, the bottom structure is to be
reinforced due to additional loads transmitted by the
keel. Special care is to be taken with the structural
support of fin keel’ sleading and trailing edge.

2.6 Engine foundation

Longitudinal girders forming the engine seatings must
extend fore and aft as far as possible and are to be
suitably supported by floors, transverse frames and/or
brackets. In way of thrust bearing additional strength-
ening isto be provided.

2.7 Side structure and bulwarks

271 Longitudinal stiffeners, if fitted, shall be
continuous as far as possible.

2.7.2 Bulwark plating isto be determined by apply-
ing the side design pressure for the relevant vertical
height. Bulwark stanchions must be in line with trans-
verse beams, or adequate substructure must be pro-
vided by other means.

2.8 Tank structures

28.1 Fore peak tanks shall not be used for carrying
fuel oil.

2.8.2  Fresh water tanks are to be separated from
other tanks such as waste water tanks by cofferdams.
The same applies to fudl tanks. Generaly, aso tanks
such as lubricating or hydraulic oil tanks shall be
separated from each other by equivalent means.
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2.8.3 Eachtank isto be fitted with air pipes, over-
flow and sounding pipes, see Section 1, C.7.11.

29 Deck

29.1 In case of longitudinal deck stiffeners, deck
beams are to be located in way of the vertical web
frames of the side shell. Structural continuity of the
gtiffenersisto be ensured.

2.9.2 In case of transverse deck stiffeners, deck
beams are to be, in generd, fitted at every frame, in
line with side shell stiffeners.

210  Superstructuresand deckhouses

2.10.1 Superstructure and deckhouse front and aft
bulkheads are to be aigned with bulkheads, web
frames or pillars in the hull or in the superstructure or
deckhouse below.

2.10.2 Web frames or partial/wing bulkheads are to
be provided to ensure transverse rigidity in large
deckhouses. The strength members are to be suitably
reinforced in the area of masts and other load
concentrations.

2.10.3 Ends of superstructures and deckhouses are
to be efficiently supported by bulkheads, pillars or
other equivalent arrangements

2.10.4 Asarule, the spacing of stiffeners on sides of
superstructures and deckhouses is to be the same as
those of beams on supporting decks

2.10.5 Structural discontinuities and rigid points are
to be avoided. Where structural elements are weak-
ened, e.g. by openings, proper compensation is to be
provided.

2.11 Constructional details

2111 Cut-outsfor the passage of ordinary stiffeners
through primary stiffeners, like girders, etc. are to be
as small as possible. As arule, the depth of cut-outs is
not to be greater than half the web height of the pri-
mary stiffener.

2.11.2 Changes of thickness for a single-skin lami-
nate are to be made as gradually as possible and over a
width which is, in general, not to be less than thirty
times the difference in thickness.

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.

2.11.3 Laminate edges and holes are to be sealed.

2114 In way of bolted connections and fittings, the
sandwich core is to be replaced by inserts of high
density foam or single-skin laminate.

3. Design loads
31 General

311 For "high speed" motor yachts which are
capable of speeds

v>720¥0 [kn]

where
0 = moulded volume [m?] according to A.6.6

the relevant design loads of the GL Rules Part 1 —
Seagoing Ships, Chapter 5 — High Speed Craft, see
Annex A apply in combination with the scantling
requirements of 4.

3.1.2 Thedesign loads for sailing and motor yachts
not considered as of the "high speed" type are speci-
fied in the following. The design loads are to be ap-

plied at the following load points:
—  for panels: lower edge of panel

—  for structural members: centre of the area sup-
ported by the element

3.1.3 Definition of symbols
Lsc = scantling length [m]
_ by + Lw

2

Ly = length of the yacht's hull measured parallel to
the design waterline [m], see Fig. 2.19

Lw. = length of the yacht from the foreside of the
stem to the after side of the stern or transom,
measured at the design waterline [m], see Fig.
2.19

Ty = seeA.6.2.10
3.2 Loads on hull

3.21 Theload py on the yacht's hull is to be deter-
mined as follows:

py = 100Ty (1—&] + oy Ocp Do

V, a
Ole~ |1+ —2 | Ocos| —
= [ 3 D,/LSC] (l5j
Cp = panel size factor as a function of f, see also

Fig. 2.20

0,54 Of2 - 1,29 Of + 1
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f _ a- 250 o = B — 20° for sailing yachts (not smaller than 0°)
95 lgc + 550 = B — 5° for motor yachts (not smaller than 0°)
a = panel's short span respectively load span of B = deadriseangle a the load point, see Fig. 2.19
stiffener [mm], not to be taken > 1 300 mm
cry = factor for restricted range of service, see

c. = hull longitudina distribution factor
= for sailing yachts, seeFig. 2.21, ¢ is:
— for < 0:
WL
c. =080 for L =24m
c. =060 for L =48m
— for 0 X < 0,65:
WL
c, =0,80+0,6150" for L =24m
Lwi
. =0,60+0,5380>— for L =48m
WL
~ for X > 0,65:
WL
¢ =120 for L = 24m
c. =095 for L =48m
= for motor yachts, see Fig. 2.22, ¢ is
~ for X <0:
WL
c. =085 for L =24m
c. =065 for L =48m
— for 0 < < 0,5:
Lwi
c =085+080>"— for L=24m
Lwi
CL :0,65+0,7E-lx— for L =48m
Lwi
— for > 0,65:
WL
c. =125 for L =24m
c. =100 for L =48m
z = vertical distance between the load point and

the moulded base line [m], see Fig. 2.19

Section 1, A.7.

0,95 for M, restricted international service

0,90 for K, coastal service

0,85 for W, sheltered water service

3.22 In any case the load py shall not be smaller
than:

—  Pumin =10 OH [kN/sz

for the area of the hull below the full displace-
ment waterline

- PHmin =5 0H [kN/mZJ

for the area of the hull above the full displace-
ment waterline

3.23 The design load for the ballast keel area of
sailing yachts as indicated in Fig. 2.19 shall be taken
as:

Pkea = 2 UPy

3.3 L oads on weather decks

3.3.1 Thedesign pressure on westher decksisto be
determined according to the following formula

L
= 2,7 Ocn O SC
Pp D TH + z

Pomin = 6,0 [N/m?]

N
1

local height of weather deck above WL [m]

Ch deck longitudinal distribution factor

for sailing yachts, see Fig. 2.23, cp is:

— for

<005 cp=120
WL

— for 0,05 < < 0,25:

WL

X

cp =125 -
WL

X

— for 0,25 < < 0,70:

WL
cp =1,00
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X

for 0,70 <

< 0,90:
Lwi

6o =2502 -0,75
L

X

— for 2 0,90: cp =150

WL

= for motor yachts, see Fig. 2.24, cp is

— for <0: c¢p=110
Lwi
— for 0 < X < 0,25:
Lwi

=110 - 04 12—
Lo

X

— for 0,25 < < 0,70:

WL

CD ::LOO

X

— for 0,70 < < 1,00:

WL

Xy
Lw

win
il

CD:

X
— for

>100: cp=120
WL

34 L oads on super structures and deckhouses

341 Loadonwalls
3.4.1.1 Frontwalls

Thedesignload is:

Parw =15 Upp

o]
34.12 Sidewalls
The design load is:

Pasw =12 Opp [ kN/m?|
3.4.1.3 Aftwalls

Thedesignload is:

Paaw = 0,8 Upp [kN/mZJ

3.4.2 Loadson superstructure decks

The load on decks of superstructures and deckhouses
is based on the load on the weather deck according to
3.3. and is defined by the following formula:

_ b )
Ppa = Pp 0N [0,7 Ej +0,3 [kN/m J

n T z-H
10

z = vertical distance of the deck above the base
line [m]

b = breadth of the deckhouse/superstructure

B' = largest breadth of the yacht at the longitudinal
position considered

35 L oads on accommodation decks

The load on accommodation decks can be assumed as:
P = pc Ocp [kN/mZJ

pc = to be defined by the designer in connection
with the owner's specification [KN/m?]

pCm|n: 3,5 kN/m2

¢p = longitudina distribution factor according to
Fig. 2.23 and 2.24

3.6 L oads on bulkheads
3.6.1 Collision bulkhead
The design load is:
Pey = 115 Dzgy [kN/mz]

zgy = vertical distance from the load centre to the
top of the bulkhead in [m]

3.6.2 Other bulkheads

The design load is:

Pey = 10,0 Ozgy [kN/mz]
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37 Loadson tank structures - shear failure of the core material

Thedesign load is:

pr = 10,0 Oz; [kN/mz]

zt = vertical distance from the load centre to the
top of the tank overflow in [m]
= not to be taken lessthan 2,0 m
4, Scantlings

These scantling requirements have also to be applied
for "high speed" motor yachts.

4.1 General

411 Single skin design

Single skin laminates have to be designed regarding
the panel scantling criteria specified below, if applica
ble. Other kinds of loading and related failure modes
of single skin laminates such as buckling must also be
considered.

412  Sandwich design

4.1.21 A sandwich sructure generally consists of
two FRP skins and a core of lightweight material. In
case of flexural loading the skins mainly absorb ten-
sion and compression stress, whereas the core mainly
absorbs shear stress. In general, the minimum ten-
sile/compressive strength of the outer skin and the
inner skin are to be approximately the same.

4.1.2.2 For sandwich structures, additiona failure
modes must be considered which can occur before
ultimate stress of the skin is attained. Among these
are:

—  failure of skin/core bonding
— wrinkling

- core failure under point load
- panel buckling

4.1.2.3 Sandwich core materias can be:

- rigid foam materials of the closed-cell type with
aminimum apparent density of 60 kg/m®

- end-grained balsa wood
—  honeycomb materials

4.1.3 Trangtionsfrom single-skin laminate to

sandwich construction

Where sandwich construction changes to single skin
laminate, the required single skin laminate is to be
determined by the scantlings for the whole panel. A
proper core taper ratio shall be provided for.

414  Single skin construction is recommended in
the following areas:

- keel root area of sailing yachts, see Fig. 2.19
- major penetrations of the hull below the design

waterline (WL)
4.2 Panels
421 Data

The following data have to be specified.

4211 Materials

For dl structural composite materials used, the follow-
ing descriptions shall be provided.
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Fibre and resin materials:

- resin system, specific gravity

Cured ply propertiesfor:

fibre areal weight

fibre orientation

consolidation method and fibre volume fraction
thickness

defined direction of mechanical properties

longitudinal and transverse tiffness, in-plane
shear stiffness?

longitudinal, transverse ultimate tensile and
compressive strength, in-plane ultimate shear
strength *

Core materids:

—  type, manufacturer

nominal density
thickness

ultimate shear strength
- compressive stiffness
—  shear stiffness

4.2.1.2 Laminates

For each structural component, the documentation
must contain data covering:

- laminate layup including listing of individua
layers and their orientation vs. defined coordi-
nate system

—  geometrical data about location, longitudina
and transverse span of panel

- curvature of panel

422 Applicable design load
Design loads as defined in 3. have to be applied.

423 Calculation method

The calculation shall be based on classic beam/plate
and laminate theory.

424 Dedign criteria

The following requirements are to be met:

- a safety factor SF>4,0 relative to ultimate
stress for each FRP layer

- asafety factor SF = 2,5 relative to ultimate shear
stress for the sandwich core

1 n plane shear properties are relevant for layers containing a

high percentage of off-axis fibres.

— 15% permissible panel deflection relative to
the short span for single skin laminate

- 1,0% permissible pand deflection relative to
the short span for sandwich construction

4.3 Stiffenersand girders

431 Data

The following data have to be specified.
43.1.1 Materials

For dl structural composite materials used, the follow-
ing descriptions shall be provided.

Fibre and resin materids:

- resin system, specific gravity

Cured ply propertiesfor:

fibre areal weight

fibre orientation

consolidation method and fibre volume fraction

thickness

defined direction of mechanical properties

longitudinal and transverse stiffness, in-plane
shear stiffnesst

longitudinal, transverse ultimate tensile and
compressive strength, in-plane ultimate shear
strength*

Core materials:

type, manufacturer

nominal density
- compressive stress
4.3.1.2 Laminates

For each structural component the documentation
must contain data covering:

- laminate layup including listing of individua
layers and their orientation vs. defined coordi-
nate system

- geometrical data about location, span of sup-
ported panel, unsupported span  of
girder/stiffener

- data about section geometry of stiffener/girder
- bonding details

- curvature of panel

4.3.2 Applicable design load
Design loads as defined in 3. have to be applied.
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433 Calculation method G. Motor and Sailing Yachts, L >48m,
The calculation shall be based on classic beam/plate Steel and Aluminium Structures
and laminate theory.

1 General
434 Design criteria

11 Scope

The following reguirements have to be met:

- a safety factor SF>=4,0 relative to ultimate
stress for bending of each FRP layer

- a safety factor SF = 4,0 relative to ultimate shear
stressin gtiffener webs

- 0,5% permissible stiffener deflection relative
to the unsupported span of the stiffener

- 0,3% permissible dtiffener deflection relative
to the unsupported span of engine foun-
dations

F. Motor und Sailing Yachts, 24 m<L <48 m,
Wooden Structures

1. General

11 Scope

The following references to rules and requirements
applicable for traditionally built wooden hull struc-
tures of motor and sailing yachts.

Yacht hulls of cold moulded wood are to be built
according to the requirements of E.

1.2 Materials

An excerpt regarding material requirementsisgivenin
B.9. Furthermore reference is made to the GL Rules |1
— Materials and Welding, Part 2 — Non-metallic Mate-
rials, Chapter 2 — Wood.

2. Scantlings

The actual determination of scantlings can be carried
out according to the GL Rules for Classification and
Construction:

| — Schiffstechnik, Teil 1 — Seeschiffe, Kapitel
13— Vorschriften fir Klassifikation und Bau von
hélzernen Seeschiffen 2

Regarding anchor equipment and rudder and manoeu-
vring arrangement the requirements of J. and K. apply.

2 Trandation: "Rules for Classification and Construction of
Wooden Seagoing Ships' (not availablein English).

The following references to GL Rules applicable for
scantling determination of the hull structures of sailing
and motor yachtswith L > 48 m, see 2.

Regarding corrosion alowances and minimum thick-
ness of plating the requirements specified in 2.2.2 and
2.2.3 are applicable.
12 Materials

See B.
2. Scantlings

21 Scantlings for high speed yachts

If ayacht is capable of a maximum speed equal to or
exceeding

v =72 090 [kn]

0 = moulded volume [m?] according to A.6.6

The GL Rules Part 1 — Seagoing Ships, Chapter 5 —
High Speed Craft, Section 3 will be applied.

22 Scantlings for moder ate speed yachts

221  For determination of the scantlings of yachts
with lower speeds than defined in 2.1. The GL Rules
Part 1 — Seagoing Ships, Chapter 1 — Hull Structures
have to be applied. The deviations defined in 2.2.2 and
2.2.3 have to be observed.

Upon request further deviations of the scantlings may
be granted by GL after detailed judgement of the ac-
tual project.

2.2.2 Corrosion allowances

The following, reduced corrosion allowances may be
applied for yachts, if specia care for maintenance and
specia attention for measures of corrosion protection
can be assumed.

2221 Sted

The scantlings require the following allowances ty to
the theoretical, rounded-off plate thickness:

-  tk = 05mm ingenerd

- tk = 0,7mm for lubrication qil, gas oil or
equivalent tanks

-  tk = 1,0mm for water balast and heavy ail

tanks
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—  for special applications tx shall be agreed with
GL

For all elements of the yacht's structure which form a
boundary of tanks, the tx values for tanks have to be

considered.

2.2.2.2 Aluminium alloys

If the measures for corrosion protection described in
B.6. are fully applied, the corrosion allowance tx can
be assumed as 0 for the types of aluminium alloys
defined in B.3.4 and B.3.5. In any way tx shall not be
less than the fabrication tolerances, see GL Rules Il —
Materials and Welding, Part 1 — Metallic Materials,
Chapter 3 — Non-Ferrous Metals, Section 1 — Alumin-
ium Alloys.

2.2.3 Minimum thickness

The minimum thickness requirements of the plating of
different elements of the hull structure are summarized
in Table 2.19.

For comparison the table indicates references to the
GL Rules Part 1 — Seagoing Ships, Chapter 1 — Hull
Structures.

H. Tank Structures

1. General

11 Subdivision of tanks

111 Intankswhich extend over the full breadth of
the yacht and are intended to be used for partia filling
(e.g. fuel oil and fresh water tanks), at least one longi-
tudinal bulkhead is to be fitted, which may be a swash
bulkhead.

1.1.2  Where the forepeak is intended to be used as
tank, at least one complete or partia longitudinal
swash bulkhead is to be fitted, if the tank breadth
exceeds 0,5 B or 6 m, whichever isthe greater.

When the after peak is intended to be used as tank, at
least one complete or partial longitudinal swash bulk-
head is to be fitted. The largest breadth of the liquid
surface should not exceed 0,3 B in the aft peak.

1.1.3 Peak tanksexceeding 0,06 L or 6 min length,
whichever is greater, shall be provided with a trans-
verse swash bulkhead.

12 Air, overflow and sounding pipes

1.2.1 Eachtank isto be fitted with air pipes, over-
flow pipes and sounding pipes. The air pipes are to be
led to above the exposed deck. The arrangement is to
be such as to allow complete filling of the tanks. The
height from the deck to the point where seawater may
have access is to be at least 760 mm on the freeboard
deck and 450 mm on a superstructure deck.

1.2.2  Suitable closing appliances are to be provided
for air pipes, overflow pipes and sounding pipes, see
also Section 1, C.7.11.

123 Closdy below the inner bottom or the tank
top, holes are to be cut into floor plates and side gird-
ers as well as into beams, girders, etc., to give the air
free access to the air pipes. Besides, all floor plates
and side girders are to be provided with limbers to
permit the water or oil to reach the pump suctions.

1.2.4  Sounding pipes are to be led to the bottom of
the tank. The shell plating is to be strengthened by
thicker plates or doubling plates under the sounding

pipes.

13 For epeak tank

Qil is not to be carried in a forepeak tank, see aso
D.29.1.

14 Crossreferences

141 Where atank bulkhead forms part of a water-
tight bulkhead, its strength is not to be less than re-
quired by C. to G. as applicable.

142  For pumping and piping and oil fuel tanks see
Section 1, C.7. For tanks in the double bottom see C.
to G. as applicable.

1.4.3 For testing of tanks, see 6.

144  Where tanks are provided with cross flooding
arrangements the increase of the pressure head isto be
taken into consideration.

15 Separ ation of oil fuel tanks from tanksfor
other liquids

151 Fresh water tanks are to be separated from
other tanks such as waste water tanks by cofferdams.
The same applies to fuel tanks. Generally, also tanks
such as lubricating or hydraulic oil tanks shall be
separated from each other by equivalent means.
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Table2.19 Minimum thickness of plating

Elements of the hull structure

Minimum thickness tp, of plating [mm]

Designation Reference? Formulae for yachts

Brackets Section 3, D.2.2 55

Bottom Section 6, B.3.1 0,9 O,/L Ok
tmin (bottom) + 2,0 mm

Flat plate keel Section 6, B.5.1 for 0,7 L midships and in way of engine seating;
tmin (bottom ) otherwise

Side shell Section 6, C.2. 0,8 O,L Ok

Strength deck for 0,4 L

amidships outside line of Section 7, A.6. (35 + 0,05 OL) vk

openings

Strength deck inside line of
openings and 0,1 L from the Section 7, A.7.

(45 + 0,02 OL) Vk

ends

Lower decks (2" deck) Section 7, B.1.1 (45 + 0,02 OL) vk
Other lower decks Section 7, B.1.1 50

Floor plates in the peaks Section 8, A.1.2.3 5,0 with lightening holes

4,0 without lightening holes

Web of single bottom centre Section 8, A.2.2.1

(45 + 0,07 OL) vk

girder
Web of single bottom side Section 8 A.2.2.2 (4,0 + 0,04 OL) vk
girder
Double bottom longitudinal Section 8, B.7.5.2 50 Wk
girders
Web framesin machinery Section 9, A.6.2.1 8,0 Wk
spaces

) ) 235
Bulkhead plating Sectionll, B.2.1 50 0 R

eH

Internal wall plating — 3,0

Tank structures Section 12, A.7.1 (55 + 0,02 OL) vk
Rudder horn plating Section 13, C.5.5 2,4 0L Ok

Webs of rudders Section 14, E.2.3 8,0 Nk
Non-effective Superstructure .

sidewalls Section 16, B.1.1 0,64 O,L Ok
geocr;('eﬂect“’ewperar“cwre Section 16, B.2.1 (45 + 0,02 OL) vk
Superstructure end bulkheads .

~nd deckhouse wallSlowest tier | Section 16,C.3.2 (40 + 0,01 OL) vk and 4,0
Superstructure end bulkheads .

and deckhouse wallgupper tier | S6¢tion 16, C3.2 (30 + 0,01 OL) vk and3,0
Short deckhouse deck Section 16, D.1. 4,0

Hatchway coamings Section 17, B.1. 75

Steel hatch covers Section 17, C.5.1.1 6,0

1 in GL RulesPart 1- Seagoing Ships, Chapter 1- Hull Structures.
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152 Upon specia approva, the arrangement of
cofferdams between oil fuel and lubricating oil tanks
may be dispensed with on relatively small yachts,
provided that:

—  the common boundary is continuous, i.e. it does
not abut at the adjacent tank boundaries, see Fig.
2.25

Where the common boundary cannot be con-
structed continuously according to Fig. 2.25, the
fillet welds on both sides of the common bound-
ary are to be welded in two layers and the throat
thicknessis not to belessthan 0,5 %t (t = plate

thickness)
A
(ﬁ Vi)
—___ common
= boundary

(iri)

Fig. 2.25 Waelding at non-continuous tank
boundaries

—  dtiffeners or pipes do not penetrate the common
boundary

—  the corrosion alowance tx for the common
boundary is not lessthan 1,5 mm.

153 Fud oil tanks adjacent to lubricating oil cir-
culation tanks are subject to the provisions of Section
1, C.7. in addition to the requirements stipulated in
1.5.2 above.

2. Scantlings

21 Design loads
The design loads are defined in D.3.7.

22 Scantling requirements

Tank plating and stiffener scantlings are to be deter-
mined according to D.4.

2.3 The stiffeners of tank bulkheads exceeding
2 m length are to be attached at their ends by brackets
according to the arrangements defined in C. The scant-
lings of the brackets are to be determined according to
the section modulus of the stiffeners.

The brackets of stiffeners are to extend to the next
beam, the next floor, the next frame, or are to be oth-
erwise supported at their ends.

3. Detached tanks

31 General

3.1.1 Detached tanks are to be adequately secured
against forces due to the ship's motions.

3.1.2 Detached tanks in hold or storage spaces are
also to be provided with anti-floatation devices. It isto
be assumed that the hold/storage spaces are flooded to
the design water line. The stresses in the anti-
floatation devices caused by the floatation forces are
not to exceed the materia's yield stress.

3.1.3  Fittings and pipings on detached tanks are to
be protected by battens, and gutterways are to be fitted
on the outside of tanks for draining any |leakage oil.

32 Scantlings

3.21 Design loads
The design load is:

por =10 Ch [kN/mz}

h = head measured from the load point of plate
panel or stiffener respectively to the top of
overflow. The height of overflow is not to be
taken lessthan 2,0 m.

3.22 Scantling requirements

Tank plating and stiffener scantlings are to be deter-
mined according to D.4.

4, Potable water tanks

41 Potable water tanks shall be separated from
tanks containing liquids other than potable water,
ballast water, distillate or feed water.

4.2 In no case sanitary installations or corre-
sponding piping are to be fitted directly above the
potable water tanks.

4.3 If pipes carrying liquids other than potable
water are to be led through potable water tanks, they
areto befitted in apipe tunnel.

4.4 Air and overflow pipes of potable water tanks
are to be separated from pipes of other tanks.

5. Swash bulkheads

51 The total area of perforation shall not be less
than 5% and should not exceed 10 % of the total
bulkhead area.

5.2 Design loads

For the design pressure for partialy filled tanks pgq a
direct calculation is required.
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53 Scantling requirements

The plate thickness shall, in genera, be equa to the
minimum thickness according to D.4.1.3. Strengthen-
ing may be required for load bearing structural parts.
The free lower edge of a wash bulkhead is to be ade-
quately stiffened.

6. Testing for tightness

6.1 Testing of fuel oil, ballast, trimming, feed
water, fresh water and anti-rolling tanks is to be ef-
fected by a combination of aleak test by means of air
pressure and an operational test by means of water or
the liquid for which the tank is intended to be used.
The air pressure is not to exceed 0,2 bar gauge. The
increased risk of accident while the tanks are sub-
jected to the air pressureis to be observed.

6.2 Where one tank boundary is formed by the
ship's shell, the leak test is to be carried out before
launching. For al other tanks leak testing may be
carried out after launching. Erection welds as well as
welds of assembly openings are to be coated! after the
leak test is carried out. This applies also to manually
welded connections of bulkheads with other tank
boundaries and to collaring arrangements at intersec-
tions of tank boundaries and frames, beams, girders,
pipes, etc. If it is ensured that in adjacent tanks the
same type of liquid is carried, e.g. in adjacent ballast
tanks, the above mentioned weld connections may be
coated 1 prior to the leak test.

All other welded connections in tank boundaries may
be coated prior to the leak test if it is ensured by suit-
able means (e.g. by visua examination of the welded
connections) that the connections are completely
welded and the surfaces of the welds do not exhibit
cracks or pores.

6.3 Where the tanks are not subjected to the leak
test as per 6.2 but are leak tested with water, the bulk-
heads are, in genera, to be tested from one side. The
testing should be carried out prior to launching or in
the dock. Subject to approval by GL, the test may also
be carried out after launching. Water testing may be
carried out after application of a coating?, provided
that during the visual inspection as per 6.2 above defi-
ciencies are not found. The test head must correspond
to a head of water of 2,5 m above the top of tank or to
the top of overflow or air pipe, whichever is the
greater.

6.4 The operational test may be carried out when
the ship is afloat or during the tria trip. For al tanks
the proper functioning of filling and suction lines and

1 Shop primers are not regarded as a coating within the scope of

these requirements.

of the valves as well as functioning and tightness of
the vent, sounding and overflow pipesisto be tested.

l. Chainplates, Ballast Keel, Propeller
Brackets

1. General

The following specifies scantling requirements for the
above elements and their structural attachment to the
yacht's hull.

2. Chainplates and substructures

21 Design loads

Where no other indications are available, the dimen-
sioning load will be equal to the breaking load of the
attached shrouds and stays.

If there are two shrouds attached to a chainplate, the
dimensioning load for the chainplate is F = 1,0 times
the bresking load of the stronger shroud
plus 0,5 times the breaking load of the weaker shroud
[kN]

2.2 Permissible stresses

For dimensioning of chainplates made of metallic
materials the following permissible stresses are to be
complied with:

- permissible bearing stress between chainplate
and pin

— ReH + Rm
OLL perm = - 5

[N/ mmz]
—  for tension and shear loading:

/]

Operm = Ren

T = IRy [N/ mmz]

Ren is the steel's minimum nominal upper yield point
[N/mn]. In case of auminium alloys Rey is to be
replaced by Rpg 2, i.e. the 0,2 % proof stress [N/mnr?].

2.3 Deter mination of chainplate geometry

231 Metallicchainplates

Determination of geometry and thickness of a metallic
chainplate according to Fig. 2.26.

=

-k 2 Od. [mm]
20t D0pgm 3

8min
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o = F . 1 d, [mm] 31 Design loads
2 0t O0pem 3
3.1.1 Forces and moments for dimensioning pur-
d. = pinholediameter [mm] poses are those caused when the sailing yacht is sup-

—
1

thickness of the chainplate [mm]

Thereby it is assumed that the gap between bearing
hole and pin is smaller than 0,1 [d, . Also the bearing
stress limit according to 2.2 must be observed.

23.2 Metallic chainplate structure

The dimensioning principles, i.e. design load and
permissible stress for chainplates of metallic materials
as outlined above are to be applied analogously to the
metallic chainplate substructure, e.g. tie rods, etc.

2.3.3 Chainplatesof composite materials

Regarding chainplate components made of composite
materials, e.g. carbon fibre tapes, and composite struc-
tures to which chainplates are attached, e.g. FRP bulk-
heads, dimensioning isto be carried out as follows.

2.3.3.1 The relevant stress in the composite compo-
nent, e.g. tension or shear, isto be calculated applying
the design load according to 2.1.

2.3.3.2 The permissible stress shall be less than or
equal to the ultimate stress of the composite compo-
nent divided by 1,6.

24 Structural membersin way of chainplates

Scantlings of structural membersin way of chainplates
must ensure sufficient strength and rigidity of the hull
under the consideration of the design loads defined in
2.1

&)

L~ |

Fig. 2.26 Geometry of the chainplate

3. Structural integration of the ballast keel

The design principles presented in the following are
exemplified for a fin ballast keel bolted to the hull.
Specia ballast keel arrangements of high complexity,
e. g. canting or lifting keels, centreboards, etc. are to
be considered case by case.

posed to heel over 90°, i.e. the keel is not submerged
and paralld to the water surface. In addition to bend-
ing and shear, torsional loads can become significant
if the longitudina position of the keel’s centre of
gravity isunusual, e.g. as for L-bulbed fin keels.

3.1.2 The defined basic load case is also valid for
other ballast keel arrangements than those described in
the following.

3.1.3 Each cross section aong the fin ballast keel
must withstand the forces and moments caused by the
basic load case depending on the distance between the
considered cross section and the kedl's centre of grav-

ity.

32 Dimensioning of kedl bolts

3.21 Ked bolts which are to be strongly and dura-
bly anchored to the ballast keel shall be positioned as
close as possible to the keel floors of the hull to ensure
effective transmission of the loads. The bolt arrange-
ment on the keel root profileis shown in Fig. 2.27

3.22 Therequired keel bolt core diameter is to be
determined according to the following formula:

2 OW, Oh, Ob
dy - k k X max [mm]
Rey OXb,

W, = weight of ballast kedl [N]

hy = distance between the kedl's centre of gravity
and the keel root profile [mm], see Fig. 2.27

bi = 0,5 Dbbi + 0,4 Dbk“SEGFIQ 2.27
bmax = maximum value of by

Req = minimum nomina upper yield point of bolt
steel [N/mm?]

3.23 Large washers or counter plates are to be
arranged to distribute the loads on a wide area. Bolts
including washers or counter plates, nuts and locking
device are to be made of an approved corrosion resis-
tant material.
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Fig. 2.27 Bolt arrangement on the kedl root

33 Absor ption of forcesand momentsin the
yacht's hull

331 Bottom structurad members in way of the
ballast keel must absorb the external design loads
defined for the different yacht types and also the
forces and moments caused by the ballast keel.

Each floor at the bottom of the hull absorbs a certain
percentage of the transverse bending moment. This
percentage depends on the width of the keel root at the
respective floor; the wider the keel root, the higher the
moment which can be absorbed by the floor.

However, in case of grounding the floors (or other
structural members) above the leading and trailing
edge of the fin ballast keel have to withstand the big-
gest reaction forces.

3.3.2 In addition to bending moments the keel
floors are loaded by shear forces caused by the weight
of the ballast keel and possibly other forces caused
e.g. in the case of grounding. Therefore the webs of
the keel floors are to have sufficient height and thick-
ness.

3.3.3 The kedl floors must be supported by other
structural members, e.g. longitudina girders, bulk-
heads, etc.

4. Propeller brackets

4.1 Arrangement

The strut axes should intersect in the axis of the pro-
peller shaft as far as practicable. The angle between
two struts shall be in the range from 50° to 120 °. The
struts are to be extended through the shell plating and
are to be attached in an efficient manner to the frames
and plate floors respectively. The construction in way
of the shell is to be carried out with special care. In
case of welded connection, the struts are to have a
weld flange or athickened part or are to be connected
with the shell plating in another suitable manner.

4.2 Strengthening of shell

The strengthening of the shell in way of struts and
shaft bossings has to be done in the following way:

The thickness of the shell plating is to be the same as
at 0,4 amidships. In way of struts, the shell isto have a
strengthened plate of 1,5 times the midship thickness.

Where propeller revolutions are exceeding 300 rpm
(approx.), particularly in case of flat bottoms intercos-
tal carlings are to be fitted above or forward of the
propeller in order to reduce the size of the bottom
plate panels.

4.3 Design force
The design force F, acting on propeller brackets is
defined by the following formula:

R, =c 07° OM, Onf  [kN]

c :]’SDDEZ,S
z+1

D = diameter of propeller [mm]
n, = propeller speed at 100 % performance [min™]
Mp = massof propeller [t]

z = number of propeller blades

4.4 Scantlings

441 The sectional A of each strut shall not be less
than:

_100 D;u ae [sz]

l
E

length of strut [mm]

modulus of elasticity [N/mny]

4.4.2 Themoment of inertial of each strut shall not
be less than:
600 OF, O/3
_ Ly 0l [cm4]
E
443 For propeller brackets with one strut the

following condition has to be met in addition to 4.4.1
and 4.4.2:

The section modulus W of the strut shall not be less
than:

W =c OF, O [cmﬂ

C1 material dependent factor
0,08 for steel

0,25 for auminium alloys
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For propeller brackets with one strut a vibration and
fatigue analysis has to be carried out.

J. Rudder and M anoeuvring Arrangement
1 General
11 M anoeuvring arrangement

1.1.1 Yachts have to be provided with a manoeu-
vring arrangement which will guarantee sufficient
manoeuvring capability.

1.1.2 The manoeuvring arrangement includes all
parts, from the rudder and steering gear to the steering
position necessary for steering of yachts.

1.1.3 Rudder stock, rudder coupling, rudder bear-
ings and rudder body are dealt with in the following.
The steering gear is to comply with references given
in Section 1, C.

114 The steering gear compartment shall be read-
ily accessible and, as far as practicable, separated from
machinery space.

Note

Concerning use of non-magnetizable material in the
wheel house in way of a magnetic compass, the re-
quirements of the national Administration concerned
are to be observed.

1.2 Structural details

121 Effective means are to be provided for sup-
porting the weight of the rudder body without exces-
sive bearing pressure, e.g. by arudder carrier attached
to the upper part of the rudder stock. The hull structure
in way of the rudder carrier is to be suitably strength-
ened.

1.2.2  Suitable arrangements are to be provided to
prevent the rudder from lifting.

1.2.3 Therudder stock is to be carried through the
hull either enclosed in a watertight trunk, or glands are
to be fitted above the deepest load waterline, to pre-
vent water from entering the steering gear compart-
ment and the lubricant from being washed away from
the rudder carrier. If the top of rudder trunk is below
the deepest waterline, two separate stuffing boxes are
to be provided.

13 Size of rudder area

In order to achieve sufficient manoeuvring capability,
the size of the movable rudder area A is recommended
to be not less than obtained from following formula

75 0L OT
A = Cq DCZ DC3 DC4 1'5— [mz]

100
c, = factor for yacht type
= 1,0 ingenera
c, = factor for rudder type:
= 1,0 ingenera

= 0,9 for semi-spade rudders
= 0,7 for highlift rudders

c3 = factor for rudder profile:

= 1,0 for NACA-profilesand plate rudder

= 0,8 for hollow profiles and mixed profiles

cy4 = factor for rudder arrangement:

1,0 for ruddersin propeller jet

1,5 for rudders outside propeller jet

For semi-spade rudders 50 % of the projected area of
the rudder horn may be included into the rudder area
A. If severa rudders are arranged, the area of each
rudder can be reduced by 20 %.

When estimating the rudder area A, 2.1. is to be ob-
served.

14 Materials

14.1 For materials for rudder stock, pintles, cou-
pling bolts, etc. see GL Rules |l - Materials and Weld-
ing. Special material requirements are to be observed
for ice notations, see A.1.2.

142 In general, materials having a minimum
nominal upper yield point Rgy of less than 200 N/mm2

and a minimum tensile strength of less than
400 N/mm2 or more than 900 N/mm? shall not be used
for rudder stocks, pintles, keys and bolts. The re-
quirements of J. are based on a material's minimum
nominal upper yield point Rgy of 235 N/mm?. If mate-

rial is used having a Rey differing from 235 N/mn,
the material factor k; isto be determined as follows:

0,75
k, = [;—z’i] for Rey >235 [N/mmz]

= — for Rgy <235 [N/msz

Req = minimum nomina upper yield point of the
material used [N/mn
ReH 1S ot to be taken greater than 0,7 - Ry, or

450 N/mm2, whichever is less. Ry, = tensile
strength of the material used
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143 Before significant reductions in rudder stock
diameter due to application of steels with Rgy exceed-
ing 235 N/mm?2 are accepted, GL may require the
evaluation of elastic rudder stock deflections. Large
deflections should be avoided in order to avoid exces-
sive edge pressures in way of bearings.

144 Permissible stresses given in 7.1 are applica
ble for norma strength hull structural steel. When
higher strength hull structural steels are used, higher
values may be used which will be determined in each
individual case.

15 Definitions

Cr = rudder force[N]
Qr = rudder torque [Nm]

A = total movable area of rudder [m?]
A; = A +areaof arudder horn, if any [m?]
A; = portion of rudder area located ahead of the
rudder stock axis[m?]
b = mean height of rudder area[m]
c = mean breadth of rudder area [m], see Fig.
2.28)
‘ X2
e
A o]
As
< x>
_ X1t X _ A
Cc= T b= E

Fig. 2.28 Rudder area

A = aspect ratio of rudder area A,
2
N = b_
At
vg = ahead speed of the yacht in [kn] as defined in
A.6.5
if this speed is less than 10 kn, vq is to be
taken as
Vg + 20
Vimin = 0 [kn]

VvV, = astern speed of the yacht in [kn]; if the astern
speed v, is less than 0,4 Ovg or 6 kn, which-
ever isless, determination of rudder force and
torque for astern condition is not required.
For greater astern speeds special evaluation
of rudder force and torque as a function of
rudder angle may be required. If no limitation
for the rudder angle at astern condition is
stipulated, the factor K5 is not to be taken less
than givenin Table 2.20 for astern condition.

k = materia factor according to B.

2. Rudder force and torque

21 Rudder force and torque for normal rud-
ders

2.1.1 The rudder force is to be determined accord-
ing to the following formula:

Cr = 132 DA OV? kg K, (kg Ry [N]

v = vg for ahead condition
= v, for astern condition
K1 = coefficient, depending on the aspect ratio A

= (A+2)/3, where A need not be taken greater
than 2

Ko = coefficient, depending on type of rudder and
rudder profile according to Table 2.20.

K3 = coefficient, depending on location of the
rudder

= 0,8 for rudders outside propeller jet

= 1,0 esewhere, including also rudders within
propeller jet

Ki = coefficient depending on thrust coefficient ¢;
= 1,0 normally

In special cases, for propeler thrust coefficients
Cth > 1,0 determination of k; according to the follow-
ing formula may be required:

Cr(Ctn)

Kt = —
Cr(Crh =10)
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Table2.20 Coefficient Kk, for different types of
rudder profiles

Profile/ K2
type of rudder ahead asern
NACA-00 series
Gottingen profiles 11 14
flat side profiles 11 14
mixed profiles
(e.g. HSVA) 121 14
hollow profiles 1,35 14
to be specialy
considered:;
high lift rudders 1,7 if not known:
1,7

2.1.2  The rudder torque is to be determined by the
following formula:

QR = CR Or [Nm]

ﬁ
1

c(a - kp) [m]

0,33 for ahead condition
0,66 for astern condition (general)

Q
1

0,75 for astern condition (hollow profiles)

For parts of arudder behind afixed structure such asa
rudder horn:
a = 0,25 for ahead condition

= 0,55 for astern condition
For high lift rudders a isto be specially considered. If
not known, a = 0,40 may be used for ahead condition
kp

balance factor as follows:
At
A
0,08 for unbalanced rudders
rmin = 0,1t [m] for ahead condition

2.1.3  Effects of the provided type of rudder/profile
on choice and operation of the steering gear are to be
observed.

22 Rudder force and torquefor rudder blades
with cut-outs (semi-spade rudders)

221 The tota rudder force Cg is to be caculated
according to 2.1.1. The pressure distribution over the
rudder area, upon which determination of rudder
torque and rudder blade strength is to be based, is to
be derived asfollows:

The rudder area may be divided into two rectangular
or trapezoidal parts with areas A1 and A, see Fig.
2.29.

The resulting force of each part may be taken as:

A
CRl = CR a [N]

> >

CRZ = CR 2 [N]

A

2.2.2 The resulting torque of each part may be
taken as:

Qr1
Qr2

CRl Drl [Nm]

CRZ Drz [Nm]

iy
1

¢ (@ = kpy) [m]

o =¢c(a - Kkp) [m]
Agf

k = _4

bl AL
Aot

k = <

b2 A,

A1, Aps see Fig. 2.29

A1
O.L = —
by
Ao
c = ¢
2 b,

b1, b, = mean heights of partial rudder areas A1 and
A,, see Fig. 2.29.

o
|
d
:

<— G

Fig. 229 Rudder areas

223 The tota rudder torque is to be determined
according to the following formulae:
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QR = Qr+Qgrz [Nm] or Bending stress:

Qrmin = Cr Ui2min [Nm]

0,1
fLomin = - (g DAy + ¢ OAp) [m]
for ahead condition

The greater value is to be taken.

3. Scantlings of the rudder stock

3.1 Rudder stock diameter

3.1.1  Thediameter of the rudder stock for transmit-
ting the rudder torque is not to be less than:

D = 4,2 JQr Ok, [mm]
Qr = see212,222and223

The related torsional stressis;

T, = i—? [N/mmz]

ki = seeld?2

3.1.2 The diameter of the rudder stock determined
according to 3.1.1 is decisive for steering gear, stopper
and locking device.

3.1.3 In case of mechanical steering gear, the di-
ameter of the rudder stock in its upper part, which is
only intended for transmission of the torsiona mo-
ment from the auxiliary steering gear may be 0,9 Dy.
The length of the edge of the quadrangle for the auxil-
iary tiller must not be less than 0,77 D; and the height
not less than 0,8 Dy.

3.14 The rudder stock is to be secured against
axial dliding. The degree of the permissible axial
clearance depends on the construction of steering
engine and bearing.

32 Strengthening of rudder stock

3.21 If the rudder is so arranged that additional
bending stresses occur in the rudder stock, the stock
diameter has to be suitably increased. The increased
diameter is, where applicable, decisive for the scant-
lings of the coupling.

For the increased rudder stock diameter the equivalent
stress of bending and torsion is not to exceed the fol-
lowing value:

o, = 0§ +3¢ < X2

r

/]

10,2 OM,,
D

/o]

Mp = bending moment at the neck bearing [Nm|

Op

Torsional stress:

51 0Q

= ]
1

D1 = increased rudder stock diameter [cm]

The increased rudder stock diameter may be deter-
mined by the following formula:

2
o0 = o (M)
3 | Qr

Qr = se212,222and223
D = see3ll
Note

Where a double-piston steering gear is fitted, addi-
tional bending moments may be transmitted from the
steering gear into the rudder stock. These additional
bending moments are to be taken into account for
determining the rudder stock diameter.

33 Analysis

331 General

The evauation of bending moments, shear forces and
support forces for the system rudder - rudder stock
may be carried out for some basic rudder types as
shown in Figs. 230to 232 as outlined in
3.32103.3.3.

3.3.2 Datafor theanalysis

l10—l5p = lengthsof theindividual girders of the
system [m]
1o —=l5p = moments of inertia of these girders

[en]

For rudders supported by a sole piece, the length /og is

the distance between lower edge of rudder body and
centre of sole piece, and | 5q is the moment of inertia of

the pintle in the sole piece.

Load on rudder body (general):

Cr

(10 010° [/}

Pr =
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Load on semi-spade rudders: fi = unit displacement due to a torsional moment

C
Pri0 = ——2—  [kN/m]
(10 010
C
Proo = —i—  [kN/m]
(50 010

Cr,CRr1,Cr2 = se€2.1and 2.2

Z = gpring constant of support in the sole piece or
rudder horn respectively

for support in the sole piece (Fig. 2.30):
7 =

for support in the rudder horn (Fig. 2.31):

1
fp + ft

- (kN
fp = unit displacement of rudder horn [m] due to a
unit force of 1 kN acting in the centre of sup-
port
a3
= 0,21 — [m/kN] (guidance valuefor steel)

In

In = moment of inertia of rudder horn around the
x-axis at d/2 [cmf], see adlso Fig. 2.31.

of theamount 1 (e [KN Om]

d 0e?
G 0

2
3,14 010° OF¢

G = modulus of rigity

G = 7,920 [kN/m? for steel

g = torsional moment of inertia[m’]

Fr = mean sectional area of rudder horn [n¥]

U = breadth [mm] of individual platesforming the
mean horn sectional area

t; = plate thickness within individual breadth u;
[mm]

e, d = distances[m] according to Fig. 2.31
3.3.3 Momentsand forcesto be evaluated

3.3.3.1 The bending moment Mg and the shear force
Q1 in the rudder body, the bending moment My, in the
neck bearing and the support forces B4, By, B3 are to
be evaluated.

> B =
< rsz < B, +—
) =
3
A
< Pr Mg
o
'Sl //50/ z %
AMAWA
> By l<
Z50 System M Q

Fig. 2.30 Rudder supported by sole piece
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Fig. 231 Semi-spaderudder
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Fig. 2.32 Spaderudder
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The so evaluated moments and forces are to be used
for the stress analyses required by 3.2 and 5.1 and for
calculation of sole piece and rudder horn.

3.3.3.2 For spade rudders moments and forces may
be determined by the following formulae:

Mp = Cr [fzo # 0 BT Xo) XZ)] [Nm]

3 (Xg + Xp)
M
By = . b [N]
30
B, =Cgr + Bz [N]

34 Rudder trunk

Where the rudder stock isarranged in atrunk in such a
way that the trunk is stressed by forces due to rudder
action, the scantlings of the trunk are to be such that
the equivalent stress due to bending and shear does not
exceed 0,35 [Rgy of the material used.

4, Sole piece

41 The section modulus of the sole piece related
to z-axisis not to be less than:

W, = By Bx Bk DS)(; Hk [cmﬂ

Bl = seeb.
For rudders with two supports the support force is
approximately B; = Cgr/2, when the elasticity of the

sole pieceisignored.

X = distance of the respective cross section from
the rudder axis[m]

Xmin = 0,5 O/,

Xmax = {50

lso = seeFig. 2.33and 3.3.2

A ~ SectionA-A

—>| z

N s s y{%y
‘—»I‘ z
T

el

Fig. 2.33 Sole piece parameters

4.2 The section modulus related to y-axis is not
to be less than:

—  where no rudder post or rudder axle isfitted:

_WZ
W, = —Z

—  wherearudder post or rudder axle isfitted:
W.
W, = _Z
Yy 3

43 The sectiona area at the location x = /5q is
not to be less than:

Ag = B k [mmz]
48

44 The equivaent stress taking into account
bending and shear stresses at any location within

length /5 is not to exceed:

0, = ol +3° = 1—i5 [ N/mm? |

Bl x 2
o] = — N/ mm
b W, [/
_ B 2
T = A—S [N/mm ]
5. Rudder horn of semi spade rudders

51 The digtribution of the bending moment,
shear force and torsional moment is to be determined
according to the following formulae:

—  bendingmoment: Mp = Bilx [Nm]
Mpmax= B1 [d [Nm]

—  shear force: Q = B; [N]

Bil&(z) [Nm|

—  torsiona moment: Mt

For determining preliminary scantlings flexibility of
the rudder horn may be ignored and the supporting
force B, be calculated according to the following for-
mula:

b, ¢, d, e(z) and z seeFig. 2.34 and 2.35

b = results from position of the centre of gravity
of the rudder area

5.2 The section modulus of the rudder horn in
transverse direction related to the horizontal x-axis is
at any location z not to be less than:

W, = M%—fk [cme’]
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5.3 At no cross section of the rudder horn the
shear stress due to the shear force Q is to exceed the
value:

T = % [ N/mm? ]

The shear stress is to be determined by following
formula

~-
I
J>|Hw

[ N/mm? ]

h

A, = effective shear area of rudder horn in
y-direction [mm?]

Fig. 2.34 Parametersfor semi spaderudders

B1 -d B1 B1 " e(2)
Pt M i O

\\
<——d—>

A
i — / ZT —
| @ J
i e() My, Q My

Fig. 2.35 Forceson rudder horn

5.4 The equivalent stress at any location (z) of
the rudder horn shall not exceed following value:

oy = \/c% + 3(T2+ T%) = % [N/msz

O, = My [N/msz
WX

o= Mg M10°
T 2 DA7 Oty

/]

sectional area [mm?] surrounded by the rud-
der horn at the location examined

At

thickness of rudder horn plating in [mm]

th

55 When determining the thickness of rudder
horn plating the provisions of 5.2 to 5.4 are to be
complied with. The thickness is, however, not to be
less than:

tmin = 24 4L Ok [mm]

5.6 The rudder horn plating is to be effectively
connected to the aft ship structure, e.g. by connecting
the plating to longitudinal girders, in order to achieve
aproper transmission of forces, see Fig. 2.36.

5.7 Transverse webs of the rudder horn are to be
led into the hull up to the next deck in a sufficient
number and must be of adequate thickness.

5.8 Strengthened plate floors are to be fitted in
line with transverse webs in order to achieve a suffi-
cient connection with the hull structure. The thickness
of these plate floors is to be increased by 50 per cent
above the Rule values as required by D. to G.

5.9 The centre line bulkhead (wash-bulkhead) in
the afterpeak is to be connected to the rudder horn.

Fig. 2.36 Connection of rudder horn to the aft
ship structure

510  Wherethe transition between rudder horn and
shell is curved, about 50 % of the required total sec-
tion modulus of the rudder horn is to be formed by
webs in a Section A - A located in the centre of the
transition zone, i.e. 0,7 r above beginning of the transi-
tion zone. See Fig. 2.37.
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Fig. 2.37 Transition between rudder horn and

curved shell
6. Rudder couplings
6.1 General

6.1.1 Couplings areto be designed in such away as
to enable them to transmit the full torque of the rudder
stock.

6.1.2 The distance of bolt axis from the edges of
the flange is not to be less than 1,2 the diameter of the
bolt. In horizontal couplings, at least 2 bolts are to be
arranged forward of the rudder stock axis.

6.1.3 Coupling bolts are to be fitted bolts. Bolts
and nuts are to be effectively secured against loosen-

ing.

6.1.4 For spade rudders horizontal couplings ac-
cording to 6.2 are permissible only where the required
thickness of the coupling flanges t; is less than 50 mm,
otherwise cone couplings according to 6.3 are to be
applied. For spade rudders of the high lift type, only
cone couplings according to 6.3 are permitted.

6.2 Horizontal couplings

6.2.1 The diameter of coupling bolts is not to be
less than:

3
d, = 0,62 D" Okp [mm]
ki On Oe

D = rudder stock diameter according to 3. [mm]

n = total number of bolts, which is not to be less
than 6

e = mean distance of bolt axes from centre of bolt
system [mm]

ki = material factor for the rudder stock as given
inl14.2

kp, = materia factor for bolts analogously to 1.4.2

6.2.2  The thickness of the coupling flanges is not
to be less than determined by the following formulae:

3
tr = 0,62 D" Oki [mm]
k, On Oe

timin = 0,9 [y

k¢ material factor for the coupling flanges

analogoudly to 1.4.2

The thickness of the coupling flanges clear of the bolt
holesis not to be less than 0,65 [i;.

The width of material outside the bolt holes is not to
be less than 0,67 [d,.

6.2.3 Coupling flanges are to be equipped with a
fitted key according to DIN 6885 or equivaent stan-
dard for relieving the bolts.

The fitted key may be dispensed with if the diameter
of the boltsisincreased by 10 %.

6.24 Horizontal coupling flanges shall either be
forged together with the rudder stock or be welded to
the rudder stock as outlined in the GL Rules Part 1 —
Seagoing Ships, Chapter 1 — Hull Structures, Section
19,B.4.4.3.

6.25 For the connection of the coupling flanges
with the rudder body see also GL Rules Part 1 —
Seagoing Ships, Chapter 1 — Hull Structures, Section
19,B.4.4.

6.3 Cone couplings

6.3.1 Conecouplingswith key

6.3.1.1 Cone couplings should have a taper ¢ on
diameter of 1: 8- 1: 12,

c = (dg—dy)/¢ accordingto Fig. 2.38

The cone shape should be very exact. The nut is to be
carefully secured, e.g. by a securing plate as shown in
Fig. 2.38.

6.3.1.2 The coupling length ¢ should, in general, not
be lessthan 1,5 [d,.

6.3.1.3 For couplings between stock and rudder a key
is to be provided, the shear area of which is not to be
less than:

= —dt6 DDR?;l [cmz]

QF = design yield moment of rudder stock [Nm]
according to 8.
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d¢ = diameter of the conical part of rudder stock 6.3.2 Conecouplingswith special arrangements

[mm] at the key

Req1 = minimum nominal upper yield point of key
material [N/mny]

6.3.1.4 The effective surface area of the key (without
rounded edges) between key and rudder stock or cone
coupling is not to be less than:

& = dKSDDs;Z [om?

Ren2 = minimum nominal upper yield point of key,
stock or coupling material [N/mm?], which-
everisless.

insulation

liner

sealing/
insulation

N\

< A

N | 9 N

securing

dn plate for
nut

Fig. 2.38 Cone coupling

6.3.1.5 The dimensions of the slugging nut are to be
asfollows:

—  height:
h, = 0,60dg

- outer diameter (the greater value to be taken):
d, =120, or d, :lSEbIg

—  externa thread diameter:
dg = 0,650ty

See Fig. 2.38.

6.3.1.6 It is to be proved that 50 % of the design
yield moment will be solely transmitted by friction in
the cone couplings. This can be done by calculating
the required push-up pressure and push-up length
according to 6.3.23 for a torsiond moment

QF=05Rr

for mounting and dismounting of cou-
plings

6.3.2.1 Where the stock diameter exceeds 200 mm
the press fit is recommended to be effected by a hy-
draulic pressure connection. In such cases the cone
should be moreslender, c=1:12 to =1: 20.

6.3.2.2 In case of hydraulic pressure connections the
nut is to be effectively secured against the rudder
stock or the pintle. A securing plate for securing the
nut against the rudder body is not to be provided, see
Fig. 2.39.

Note

A securing flat bar will be regarded as an effective
securing device of the nut, if its shear area is not less

than:
A = R 0V3 [msz
Ren
Ps = shear force asfollows
P, d;
= 20 |—+-06| [N
> M [dg ] [ ]

Pe = push-up force according to 6.3.2.3 [ N]

1 = frictional coefficient between nut and rudder
body, normally ¢4 = 0,3

d; = mean diameter of frictional area between nut
and rudder body

dg = thread diameter of nut

Rey = yield point [N/mm?] of securing flat bar ma-
terial

@ 7

:—L: I —

flat bar

Securing | <_,d9 | |
d, |

Fig. 2.39 Cone coupling with special arrangements
for mounting and dismounting
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6.3.2.3 For safe transmission of the torsional moment c = taper on diameter according to 6.3.2.1

by the coupling between rudder stock and rudder body
the push-up length and the push-up pressure are to be
determined by following formulae.

Push-up pressure

The push-up pressure is not to be less than the greater
of the two following values:

2 0Qg M0°
Preq > £ [N/ mmZ}
dy, 0¢ Omr Opg
or
_ 6 OM,, 010° )

Preq2 W [N/ mm J

QF = design yield moment of rudder stock accord-
ingto 8. [Nm|

dm = mean cone diameter [mm]
0 = cone length [mm]

Ho = 0,15 (frictional coefficient)
Mp = bending moment in cone coupling (e.g. in
case of spade rudders) [Nm]

It has to be proved that the push-up pressure does not
exceed the permissible surface pressure in the cone.
The permissible surface pressure is to be determined
by following formula:

0,8 Ry (1 - o?)

Pperm (—3 T

Rey = vyidld point [N/mm? of the material of the
gudgeon
dm )

a = —% (seeFig.2.38)
da

The outer diameter of the gudgeon should not be less
than:

da = 15 Ody, [mm]

Push-up length
The push-up length is not to be less than:

Od
Al = Preg m_ 0,8 OR¢p [mm]
S
E c
2
Rim = mean roughness [mm)]

= 0,01 mm

Py
3
l

E = Young'smodulus (2,06 (10> N/mm?)

The push-up length is, however, not to be taken
greater than:

16 ORgy Ody , 0,8 DRy [m

Afz =
J3+a* E Oc c

m]

Note

In case of hydraulic pressure connections the required
push-up force Pg for the cone may be determined by

the following formula:
c
R = Preg Ody Ot Deb +o,02j [N]

Where due to the fitting procedure a partial push-up
effect caused by the rudder weight is given, this may
be taken into account when fixing the required push-
up length, subject to approval by GL.

6.3.24 The required push-up pressure for pintle
bearingsis to be determined by following formula:

Preq =
By = supporting force in pintle bearing [N], see
aso Fig. 2.31
dn, ¢ = s£€6.3.2.3

dg = pintle diameter [mm] according to Fig. 2.38.

7. Rudder body, rudder bearings

7.1 Strength of rudder body

7.1.1 The rudder body is to be stiffened by hori-
zontal and vertical webs in such a manner that the
rudder body will be effective as a beam. The rudder
should be additionally stiffened at the aft edge.

7.1.2 The strength of the rudder body is to be
proved by direct calculation according to 3.3.

7.1.3  For rudder bodies without cut-outs the per-
missible stress are limited to:

bending stress due to Mg:
[N/ mmz]

o, =110

shear stressdueto Q,:

T = 50

]
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equivalent stress due to bending and shear:
0, =402 +31% =120 [N/mmz}

Mg, Q; see3.3.3and Fig. 2.30 and 2.31.

In case of openings in the rudder plating for access to
cone coupling or pintle nut the permissible stresses
according to 7.1.4 apply. Smaller permissible stress
values may be required if the corner radii are less than
0,15Chy, where hy = height of opening.

7.1.4 In rudder bodies with cut-outs (semi-spade

rudders) the following stress values are not to be ex-
ceeded:

bending stress due to M

O, =90 [N/msz
shear stress dueto Qq:

T =150 [N/ mmz]
torsional stress dueto Mg

1, = 50 [N/mmz]

equivalent stress due to bending and shear and equiva-
lent stress due to bending and torsion:

Oy = \/0% + 31
Ov2 = \10% + 3Tt2

MR = CRZ Dfl + Bl % [Nm]

120 [N/mmz]

100 [N/mmz]

Q1

f1, o

Crz [N]
see Fig. 2.40

The torsional stress may be calculated in a simplified
manner as follows:

= 2D£Mmth Ot [N/mmﬂ

Mt = CR2 Le [Nm]

Cro = partid rudder force [N] of the partia rudder
area A, below the cross section under consid-
eration

e = lever for torsional moment [m]
(horizontal distance between the centroid of
area A, and centre line a-a of the effective

cross sectional area under consideration, see
Fig. 2.40. The centroid is to be assumed at

0,33 [k, aft of the forward edge of area Ay,
where ¢, = mean breadth of area A,).

h, ¢,t= in[cm], see Fig. 2.40

Fig. 240 Rudder body

The distance ¢ between vertical webs should not ex-
ceed 1,2 [h.

The radii in the rudder plating are not to be less than
4 —5 times the plate thickness, but in no case less than
50 mm.

Note

It is recommended to keep the natural frequency of the
fully immersed rudder and of local structural compo-
nents at least 10 % above the exciting frequency of the
propeller (number of revolutions x number of blades)
or if relevant above higher order.

7.2 Rudder plating

7.21  The thickness of rudder plating is to be de-
termined according to following formula:

t = 174 Da.jpg Ok + 2,5 [mm)|

103(’:R|:|A [kN/ m J

pr =10 OT +

a smaller unsupported width of a plate panel [m]

The influence of the aspect ratio of the plate panels
may be taken into account as givenin D.4.3.

The thickness shall, however, not be less than the
thickness ty of the shell plating at the ends according

to the scantlings for different yacht types.

7.2.2  For connecting the side plating of the rudder
to the webs tenon welding is not to be used. Where
application of fillet welding is not practicable, the side
plating is to be connected by means of slot welding to
flat bars which are welded to the webs.
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7.2.3  The thickness of the webs is not to be less
than 70 % of the thickness of the rudder plating ac-
cording to 7.2.1, but not less than:

tmin =8k [mm]

Webs exposed to seawater must be dimensioned ac-
cordingto 7.2.1.

7.3 Transmitting of rudder torque

7.3.1  For transmitting the rudder torque, the rudder
plating according to 7.2.1 is to be increased by 25 %
in way of the coupling. A sufficient number of vertical
websisto befitted in way of the coupling.

7.3.2 If the torque is transmitted by a prolonged
shaft extended into the rudder, the latter must have the
diameter Dy or D1, whichever is greater, at the upper

10 % of the intersection length. Downwards it may be
tapered to 0,6 Dy, in spade rudders to 0,4 times the

strengthened diameter, if sufficient support is provided
for.

74 Rudder bearings

7.4.1 Inway of bearings liners and bushes are to be
fitted. Where in case of small ships bushes are not
fitted, the rudder stock is to be suitably increased in
diameter in way of bearings enabling the stock to be
re-machined later.

7.4.2  Anadequate lubrication isto be provided.

74.3 The bearing forces result from the direct
calculation mentioned in 3.3. As afirst approximation
the bearing force may be determined without taking
account of the elastic supports. This can be done as
follows:

- normal rudder with two supports:

The rudder force Cr is to be distributed to the

supports according to their vertical distances
from the centre of gravity of the rudder area.

—  semi-spade rudders:
— support force in the rudder horn:
B, = Cg Al [N]
c

—  support force in the neck bearing:

Bz = CR - Bl [N]

For b and ¢ see Fig. 2.34

7.4.4 The projected bearing surface Ay (bearing

height x external diameter of liner) is not to be less
than:

Ap = B [mmz]

q
B = support force[N]
o} = permissible surface pressure according to

Table2.21

745 Stainless and wear resistant steels, bronce and
hot-pressed bronce-graphit materials have a consider-
able difference in potential to non-alloyed steel. Re-
spective preventive measures are required.

7.4.6 The bearing height shall be equal to bearing
diameter, however, is not to exceed 1,2 times the bear-
ing diameter. Where bearing depth is less than bearing
diameter, higher specific surface pressures may be
allowed.

7.4.7 The wall thickness of pintle bearings in sole
piece and rudder horn shal be approximately ¥ of
pintle diameter.

Table2.21 Permissible surface pressurefor bear-

ing materials
Bearing material g [N/mm?]
lignum vitae 25
white metal, oil lubricated 4,5
synthetic material 1 55
steel 2, bronze and hot-pressed 70
bronze-graphite materials

1 Synthetic materials to be of approved type.
Surface pressures exceeding 5,5 N/mm? may be accepted
in accordance with bearing manufacturer's specification
and tests, but in no case more than 10 N/mn?.

2 Stainless and wear resistant steel in an approved combi-
nation with stock liner. Higher surface pressures than
7 N/mm?2 may be accepted if verified by tests.

75 Pintles
75.1 Pintles are to have scantlings complying with

conditions given in 7.4.4 and 7.4.6. The pintle diame-
ter is not to be less than:

d = 035B; Ok, [mm]

Bi1
kr

support force [N]

seel.4.2

7.5.2  The thickness of any liner or bush shall not
be less than:

t = 001B; [mm]



| -Part3
GL 2003

Section 2 J  Hull Structures

Chapter 2
Page 2—77

tmin = 8mm for metallic materials and
synthetic material

22 mm for lignum materia

7.5.3  Where pintles are of conical shape, they are
to comply with the following:

taper ondiameter 1 : 8 to 1 :12
if keyed by dugging nut

taper ondiameter 1 :12 to 1 :20
if mounted with ail injec-
tion and hydraulic nut

75.4 Pintles are to be arranged in such a manner as
to prevent unintentional loosening and falling out.

For nuts and threads the requirements of 6.3.1.5 and
6.3.2.2 apply accordingly.

7.6 Guidance valuesfor bearing clearances

7.6.1 For metalic bearing material the bearing
clearance should generally not be less than:

dp
1000 + 1,0 [mm]|

dy, = inner diameter of bush [mm]

7.6.2 If non-metalic bearing material is applied,
the bearing clearance is to be specialy determined
considering the material's swelling and thermal expan-
sion properties.

7.6.3 Clearance isin no way to be taken less than
1,5 mm on diameter. In case of salf lubricating bushes
going down below this value can be agreed to on the
basis of the manufacturer's specification.

8. Design yield moment of rudder stock

The design yield moment of the rudder stock is to be
determined by the following formula:

D3
Qr = 0,02664 k—‘ [Nm]
r
D; = stock diameter [mm] according to 3.1.

Where the actual diameter Dy is greater than the cal-
culated diameter Dy, diameter Dy, is to be used. How-
ever, D5 need not be taken greater than 1,145 [D:x.

9. Stopper, locking device

9.1 Stopper

The motions of quadrants or tillers are to be limited on
either side by stoppers. The stoppers and their founda-
tions connected to the ship's hull are to be of strong
congtruction so that the yield point of the applied
meaterials is not exceeded at the design yield moment
of the rudder stock.

9.2 L ocking device

Each steering gear is to be provided with a locking
device in order to keep the rudder fixed at any posi-
tion. This device as well as the foundation in the ship's
hull are to be of strong construction so that the yield
point of the applied materials is not exceeding the
design yield moment of the rudder stock as specified
in 8. Where the ship's speed exceeds 12 kn, the design
yield moment need only be calculated for a stock
diameter based on a speed v = 12 kn.

10. Fin stabilizers

10.1 General

Hydrodynamic effects of fin stabilizers on rolling
behavior of yachts are not part of the classification
procedure. The classification however includes the
integration of such systems into the hull structure.

10.2  Integration into ship'sstructure

10.2.1 The complete bearing system and the drive
unit directly mounted at the fin stock are to be situated
within an own watertight compartment at ship's side or
bottom. For installation purposes, inspection and
maintenance watertight closable openings (with safe-
guards that they can be opened only during docking)
have to be provided in suitable number and size. For
retracable fins a recess of sufficient size to harbour the
complete fin has to be provided in addition at the
ship's shell.

10.2.2 At the penetration of the fin stock and at the
dot of retractable fins, the shell has to be strengthened
in asufficient way.

10.2.3 Watertight boundaries of the fin recess, if
applicable, and of the drive compartment have to be
dimensioned according to C. to G. Specia attention
has to be given to the transmission of the fin support
forces from the stock bearings into the ship’s struc-
ture. The loca reinforcements and the overadl trans-
mission of forces by girders, web frames, etc. have to
be defined by direct calculations considering fatigue
strength and have to be included in the hull structure
drawings to be submitted.

10.24 Cadculations have to be submitted, which
show that the hull structure is not compromised if the
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fin and/or the fin stock are damaged by a collision, by
grounding, etc. If the fin body reaches over the maxi-
mum breadth of the ship, the location of non-
retractable fins should be marked on the shell.

K. Anchor and M ooring Equipment

1. General

11 The equipment of anchors, chain cables,
wires and ropesis to be determined from Table 2.22 in
accordance with the equipment numeral EN.

Note

Anchoring equipment as required hereinafter is in-
tended for temporary mooring of a yacht within a
harbour or sheltered area when the yacht is awaiting
berth, tide, etc.

The equipment is, therefore, not designed to hold a
yacht off fully exposed coasts in rough weather or to
stop a yacht which is moving or drifting. In this condi-
tion the loads on the anchoring equipment increase to
such a degree that its components may be damaged or
lost owing to the high energy forces generated, par-
ticularly in sailing yachts.

Anchoring equipment as required hereinafter is de-
signed to hold a yacht in good holding ground in con-
ditions such as to avoid dragging of the anchor. In
poor holding ground the holding power of the anchors
will be significantly reduced.

The equipment numeral formula for anchoring equip-
ment is based on an assumed current speed of 2,5 nvs,
wind speed of 25 mysec and a scope of chain cable
between 6 and 10, the scope being the ratio between
length of chain paid out and water depth.

It is assumed that under normal circumstances a yacht
will use only one bow anchor and chain cable at a
time.

12 Every yacht is to be equipped with at least
one anchor windlass.

Windlass and chain stopper, if fitted, are to comply
with the GL Rules Partl — Seagoing Ships, Chapter 2
— Machinery Installations, Section 14, D.

13 For yachts having a navigation notation
K (20) or K(50) (coastal service) affixed to their Char-
acter of Classification, the equipment may be deter-
mined as for one numeral range lower than required in
accordance with the equipment numeral EN.

14 When determining the equipment for yachts
having a navigation notation W (sheltered water ser-
vice) affixed to their Character of Classification, the
anchor mass may be 60 % of the value required by

Table 2.22. The chain diameter may be determined
according to the reduced anchor mass. The length of
the ropes is recommended to be 50 % of the length
givenin Table 2.22.

15 Y achts built under survey of GL and which
are to have the mark = stated in their Certificate and in
the Register Book, must be equipped with anchors and
chain cables complying with the GL Rules |l — Mate-
rials and Welding, Part 1 — Metallic Materials, Chap-
ter 4 — Equipment and have to be tested on approved
machinesin presence of a GL Surveyor.

2. Equipment numeral

21 For monohull yachts the equipment numeral
isto be calculated as follows:

EN ={X+2(alB+Xh (h EnG) +01 (A

A = moulded displacement [t] to design waterline
in seawater with a density of 1,025 t/m?

a = distance [m], from design waterline, amid-
ships, to upper deck at side, as shown in
Fig. 241

B = greatest moulded breadth [m]

bi = actual breadth of deckhouses with a breadth
greater B/4

hi = height [m] on centreline of each tier of super-

structures and deckhouses corresponding to b,
(deck sheer, if any, isto be ignored)

©i = theangleof inclination aft of each front bulk-
head, asshown in Fig. 2.41
A = area[m?], in profile view of the hull, super-

structures and houses, having a breadth
greater then B/4, above the design waterline
within the length L and up to the height
a+ 2 h

For sailing yachts the rig has to be appropri-
ately considered when determining area A.

Note

The influence of windage effects on masts and rigging
for square rigged sailing yachts on the equipment
numeral be assumed as follows:

—  for yachts with L <48 m, typically 50 % in-
crease in relation to a motor yacht having the
same total longitudinal profile area of hull and
superstructure

—  for yachts with L =100 m, typically 30 % in-
crease in relation to a motor yacht having the
same total longitudinal profile area of hull and
superstructure
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—  for yachts with a length in between linear inter-
polation may be used

Where a deckhouse having a breadth greater than B/4
is located above a deckhouse having a breadth of B/4
or less, the wide house is to be included and the nar-
row house ignored.

Windscreens or bulwarks 1,5 m or more in height
above deck at side are to be regarded as parts of
houses when determining h and A, e.g. the areas spe-
cially marked in Fig. 2.41 areto beincluded in A.

2.2 For multihull yachts the equipment numeral
has to be defined in analogous way, details are given
in GL Rules Part 1 — Seagoing Ships, Chapter 5 —
High Speed Craft, Section 6.

3. Anchors

31 Number and arrangement of bower anchors

3.1.1 Normaly two bower anchors according to
Table 2.22 have to be provided.

3.1.2  For yachts with a length L <48 m having at
least two independent propulsion systems and an ade-
guate steering system the following reductions may be
granted:

- reduction of the number of bower anchors to
one, and/or

- reduction of weight of the bower anchors and
chain cables

according to a decision of GL Head Office. In this
case sails are not considered as a propulsion system.

3.1.3 Bower anchors are to be connected to their
chain cables and positioned on board ready for use. A
third, spare anchor is not required for yachts.

It is to be ensured that each anchor can be stowed in
hawse and hawse pipe in such a way that it remains
firmly secured in seagoing conditions.

Note

National Regulations concerning provision of a spare
anchor, stream anchor or a stern anchor may need to
be observed.

3.14 For yachts of new design specia require-
ments may be agreed with GL.

32 Anchor design

3.21 Anchors must be of approved design. The
mass of the heads of patent (ordinary stockless) an-
chors, including pins and fittings, is not to be less than
60 per cent of the total mass of the anchor.

3.2.2  For stock anchors, the total mass of the an-
chor, including stock, shall comply with the values in
Table 2.22. The mass of the stock shall be 20 percent
of thistotal mass.

323 The mass of each individua bower anchor
may vary by up to 7 per cent above or below required
individual mass provided that the total mass of all the
bower anchors is not less than the sum of the required
individual masses.

Bulwark

L/2

L/2

Fig. 2.41 Profileview of hull, superstructure and deckhousesrelevant for equipment numeral
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33 High holding power anchors

3.3.1 Where specia anchors are approved by GL as
"High Holding Power Anchors' (HHP), the anchor
mass may be 75 per cent of anchor mass as per Table
2.22.

"High Holding Power Anchors" are anchors which are
suitable for the yacht's use at any time and which do
not require prior adjustment or special placement on
sea bed.

3.3.2 For approva as a "High Holding Power An-
chor", satisfactory tests are to be made on various
types of bottom and the anchor is to have a holding
power at least twice that of a patent anchor ("Admi-
ralty Standard Stockless') of the same mass. Tests
have to be approved by GL.

3.3.3 Dimensioning of chain cable and windlass is
to be based on the undiminished anchor mass accord-
ing to Table 2.22.

34 Very high holding power anchors

Where specia anchors are approved by GL as "Very
High Holding Power Anchors' (VHHP), anchor mass
may be not less than 2/3 of the mass required for the
HHP anchor it replaces.

35 Stern anchors

Where stern anchor equipment is fitted, such equip-
ment is to comply in al respects with the rules for
anchor eguipment. The mass of each stern anchor shall
be at least 35 per cent of that of bower anchors. The
diameter of chain cables is to be determined from
Table 2.22 in accordance with anchor mass. Where a
stern anchor windlass is fitted, the requirements of the
GL Rules Part 1 — Seagoing Ships, Chapter 2 —
Machinery Installations, Section 14, D., are to be
observed.

4, Chain cables

4.1 Chain cable diameters given in Table 2.22
apply to chain cables made of chain cable materials
specified in the requirements of the GL Rules Il —
Materials and Welding, Part 1—Metalic Materials,
Chapter 4 — Equipment for following grades:

- GradeK 1 (ordinary quality)
- GradeK 2 (specia quality)
- GradeK 3 (extraspecia quality)

4.2 Grade K 1 material used for chain cables in
conjunction with "High Holding Power Anchors’
must have a tensile strength Rm of not less than 400
N/mmg2,

4.3 Grade K2 and K 3 chain cables must be
purchased from and re-heat treated by recognized
manufacturers only.

4.4 The total length of chain given in Table 2.22
is to be divided in approximately equal parts between
two bower anchors.

45 For connection of the anchor with the chain
cable approved Kenter-type anchor shackles may be
chosen in lieu of the common Dee-shackles. A fore-
runner with swivel is to be fitted between anchor and
chain cable. In lieu of a forerunner with swivel an
approved swivel shackle may be used. However,
swivel shackles are not to be connected to the anchor
shank unless specially approved.

4.6 Steel wire and synthetic wire ropes may be
used as an dternative to stud link chain cables defined
in Table 2.22 for yachts upon request and agreement
with GL.

4.7 The attachment of the inboard ends of chain
cables to the yacht's structure is to be provided with
means suitable to permit, in case of emergency, an
easy slipping of chain cables to sea operable from an
accessible position outside of chain locker.

Inboard ends of the chain cables are to be secured to
the hull structures by a fastening able to withstand a
force not less than 15 % nor more than 30 % of rated
breaking load of the chain cable.

5. Chain locker

51 The chain locker is to be of capacity and
depth adequate to provide an easy direct lead of the
cables through the chain pipes and self-stowing of the
cables.

The minimum required stowage capacity without mud
box for the two bow anchor chainsis as follows:

¢ 3
S =110d° 0—— |m
L 100 000 [ J
d = chain diameter [mm] according to Table 2.22
4 = total length of stud link chain cable according

to Table 2.22

The total stowage capacity is to be distributed on two
chain lockers of equal size for port and starboard chain
cables. The shape of the base areas shall, as far as
possible, be quadratic with the maximum edge length
of 33 [. As an dternative, circular base areas may be
selected, the diameter of which shall not exceed 30 —
35d.

Above the stowage of each chain locker in addition a
free depth of at least

h = 750 mm for L 24 m
h=150mm for L = 48m
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is to be provided; if the size of the yacht enables this.
For intermediate lengths L linear interpolation is to be
applied for the depth h.

52 The chain locker boundaries and their access
openings are to be watertight as necessary to prevent
accidental flooding of the chain locker from damaging
essential auxiliaries or equipment or affecting the
proper operation of the yacht.

5.3 Adeguate drainage facilities of chain locker
are to be provided.

54 Where chain locker boundaries are also tank
boundaries, their scantlings of stiffeners and plating
are to be determined as for tanks in accordance with
H.2.

Where this is not the case, plate thickness and section
modulus of stiffening are also to be determined ac-
cording to H.2. using the pressure p, only. The dis-
tance from the load centre to the top of chain locker
pipe is to be taken for calculating the load. A corro-
sion allowance of 1,5 mm has to be applied.

6. M ooring equipment

Note

For approximating mooring forces, a GL computer
program systemis available.

6.1 Ropes

6.1.1 Thetow lines and mooring ropes specified in
Table 2.22 and the content of the following up to 6.1.3
are recommendations only, a compliance with them is
not a condition of Class.

6.1.2 Breakingload

For tow lines and mooring lines, steel wire ropes as
well as fibre ropes made of natural or synthetic fibres
or wire ropes consisting of sted wire and fibre cores
may be used. Nominal breaking loads specified in
Table 2.22 are valid for wire ropes only. Where ropes
of synthetic fibre are used, the breaking load is to be
increased above the table values. The extent of in-
crease depends on the material quality.

The required diameters of synthetic fibre ropes used in
lieu of steel wire ropes may be taken from Table 2.23.

Regardliess of the breaking load, recommended in
Table 2.22, the diameter of the fibre roped should not
be less than 20 mm.

6.1.3 Length

The length of the individual mooring ropes may be up
to 7 per cent less than that given in Table 2.22, pro-

vided that the total length of all the wires and ropes is
not less than the sum of the individual lengths.

6.2 M ooring winches, bollards, hawses

6.21 Mooring winches are to be designed taking
into account the actual mooring lines and 80 % of
their nominal breaking loads.

6.2.2 Hawses, bollards and cleats shall be so de-
signed as to protect the ropes against excessive wear.
They are to be of proved construction and shall com-
ply with relevant standards.

Note

Attention is drawn to relevant National Sandards.

6.2.3 Hawses, bollards, cleats and their substruc-
ture are to be strengthened, if they are intended to be
belayed by multiple lines. In this case 80 % of the
nominal breaking load of the individual lines hasto be
used as pulling forces.

L. Mastsand Rigging

1. General

11 The requirements stated below generaly
apply to large motor and sailing yachts, under the
condition that the yacht is handled correctly in terms
of good seamanship.

12 The principles presented are to be seen as a
general guidance. Any detailed analysis which is lead-
ing to different reserve or reduction factors can be
submitted on the basis of an equivalent safety.

13 During the standard Classification procedure
only the dimensions of the masts and the standing
rigging will be checked and approved. For an ex-
tended examination of the complete rigging applica
tion for a"Rig Design Certificate" has to be made.

2. Bermudian Rigging

For Bermudian rigging the GL Rules Part 4 — Special
Equipment, Chapter 5 — Guidelines for Design and
Construction of Large Modern Yacht Rigs are appli-
cable for yachts.

Scope of these guidelines is the structural dimension-
ing of standing rigging, mast and boom sections as
well as local design in way of attached structura fit-
tings.
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Table2.22 Anchor, chain cablesand ropes
2 Stud link chain cables Recommended ropes
stockless
bower . )
Equipment anchors Bower anchors Towline M ooring ropes
numerd Mo | Total Diameter 1 Length | BT Length | BT
anchor | 'enath o " ds Load 2 Nt;]errn_ L oad 2
[kd] [m] [mm] [mm] [mm] [m] [kN] [m] [kN]
1 2 3 4 5 6 7 8 9 10 11
- 50 120 165 125 125 125 180 100 3 80 35
5 - 70 180 220 14 12,5 12,5 180 100 3 80 35
70 - 90 240 220 16 14 14 180 100 3 100 40
90 — 110 300 2475 17,5 16 16 180 100 3 110 40
110 - 130 360 2475 19 17,5 17,5 180 100 3 110 45
130 - 150 420 275 20,5 175 17,5 180 100 3 120 50
150 — 175 480 275 22 19 19 180 100 3 120 55
175 — 205 570 302,5 24 20,5 20,5 180 110 3 120 60
205 — 240 660 203,5 26 22 20,5 180 130 4 120 65
240 — 280 780 330 28 24 22 180 150 4 120 70
280 — 320 900 357,5 30 26 24 180 175 4 140 80
320 — 360 1020 357,5 32 28 24 180 200 4 140 85
360 — 400 1140 385 34 30 26 180 225 4 140 95
400 — 450 1290 385 36 32 28 180 250 4 140 100
450 — 500| 1440 4125 38 34 30 190 275 4 140 110
500 — 550 1590 4125 40 34 30 190 305 4 160 120
550 — 600 1740 440 42 36 32 190 340 4 160 130
600 — 660 1920 440 44 38 34 190 370 4 160 145
660 — 720 2100 440 46 40 36 190 405 4 160 160
720 — 780 2280 467,5 438 42 36 190 440 4 170 170
780 — 840| 2460 467,5 50 44 38 190 480 4 170 185
840 — 910| 2640 467,5 52 46 40 190 520 4 170 200
910 — 980| 2850 495 54 438 42 200 560 4 170 215
980 — 1060| 3060 495 56 50 44 200 600 4 180 230
1060 — 1140| 3300 495 58 50 46 200 645 4 180 250
1140 — 1220] 3540 522,5 60 52 46 200 690 4 180 270
1220 — 1300 3780 522,5 64 54 48 200 740 4 180 285
1300 — 1390| 4050 522,5 64 65 50 200 785 4 180 305
1390 — 1480| 4320 550 66 58 50 220 835 4 180 325
1480 — 1570 4590 550 68 60 52 220 890 5 190 325
1570 — 1670| 4890 550 70 62 54 220 940 5 190 335
1670 — 1790 5250 5775 73 64 56 220 1025 5 190 350
1790 — 1930 5610 5775 76 66 58 220 1110 5 190 375
1 gy = Chaindiameter Gradek1  (Ordinary quality)
do = Chaindiameter GradeK2 | Specia quality) Seeaso 4.l
d3= Chain diameter Grade K3 Extra special quality)
2 see6.12
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Table2.23 Equivalent diameters of synthetic wire and fibreropes
Synthetic wire Fibreropes
Steel wireropes? ropes
Polyamide 2 Polyamide Polyester Polypropylene
Diameter [mm] Diameter [mm] Diameter [mm] Diameter [mm] Diameter [mm]
12 30 30 30 30
13 32 32 32 32
14 36 36 36 36
16 40 40 40 40
18 44 44 44 44
20 48 48 48 48
22 48 48 48 52
24 52 52 52 56
26 56 60 60 64

1 according to DIN 3068 or similar

2 Regular laid ropes of refined polyamide monofilements and filament fibres

3. Traditional rigging

GL has developed Rules for the following types of
sailing ships, respectively yachts with traditional rig-
ging:

—  yachtswith squarerigs or fore and aft rigging

—  two masted yachts, like brigs, schooner brigs,
schooners

—  three masted yachts, like barks, topsail schoo-
ners and full rigged yachts

—  four and five masts yachts, like barks and full
rigged yachts.

The details for the rigging of such type are contained
inthe GL Rules Part 4 — Special Equipment, Chapter 2
— Rigging Design, which can fully be applied to
yachts.

4. Signal and radar masts
41 General
4.1.1 Drawings of masts, mast substructures and

hull connections are to be submitted for approval.

4.1.2 Loose component parts are to comply with
the GL Rules VI — Additional Rules and Guidelines,
Part 2 — Life Saving Appliances — Lifting Appliances
— Towing Gears — Accesses, Chapter 2 — Guidelines
for the Construction and Survey of Lifting Appliances.

413 Other masts than covered by 4.2 and 4.3 as
well as special designs must, as regards dimensions
and construction, in each case be individualy agreed
with GL.

4.2 Single tubular masts

The following requirements apply to tubular or
equivalent rectangular sections made of steel with an
ultimate tensile strength of 400 N/mm2, which are
designed to carry only signals (navigation lanterns,
flag and day signals).

421 Stayed masts

4211 Stayed masts may be constructed as simply
supported masts (rocker masts) or may be supported
by one or more decks (constrained masts).

4.2.1.2 The diameter of stayed steel masts in the
uppermost support isto be at least 18 mm for each 1m
length of mast (lyy) from the uppermost support to the
fixing point of shrouds. The length of the mast top
above the fixing point is not to exceed 1/3 .

4.2.1.3 Masts according to 4.2.1.2 may be gradually
tapered towards the fixing point of shrouds to 75 per
cent of the diameter at the uppermost support. The
plate thickness is not to less than 1/70 of the diameter
at the uppermost support or at least 3,6 mm, see 4.4.1.

4.2.1.4 Wire ropes for shrouds are to be thickly gal-
vanized. It is recommended to use wire ropes compo-
sition of a minimum number of thick wires, as for
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instance a rope composition 6 x 7 with atensile break-
ing strength of 1 570 N/mm? or more on which Table
2.24 is based. Other rope compositions shall be of
equivalent stiffness.

4.2.15 Where masts are stayed forward and aft by
two shrouds on each side of the yacht, steel wire ropes
are to be used according to Table 2.24.

Table2.24 Definition of ropesfor stays

h [m] 416|810

Rope diameter [mm] 12 | 14 | 16 | 18

Nominal size of shackle,

o 16|16| 2 |25
rigging screw, rope socket

h = height of shroud fixing point above shroud
foot point

4.2.1.6 Where stedl ropes according to Table 2.24 are
used, the following conditions apply:

b > 0,3 Oh
0150h<ac<h

a = the longitudinal distance from a shroud's foot
point to its fixing point
b = the transverse distance from a shroud's foot

point to its fixing point

Alternative arrangements of stayings are to be of
equivalent stiffness.

422 Unstayed masts

4221 Unstayed masts may be completely con-
strained in the uppermost deck or to be supported by
two or more decks. (In general the fastenings of masts
to the hull of a yacht should extend over at least one
deck height.

4.2.2.2 The scantlings of unstayed steel masts are
givenin Table 2.25.

Table2.25 Scantlings of unstayed steel masts

Length of
mast 4 6 8 10
£m [m]
D [mm] | 127086 | 168086 | 21636 | 26736
/m = length of mast from uppermost support to the top
D = diameter of mast at uppermost support
t = platethickness of mast

4223 The diameter of masts may be gradually
tapered to D/2 at the height of 0,75 /.

4.3 Box girder and frame work masts

4.3.1  For dimensioning the dead loads, acceleration
forces and wind loads are to be considered.

4.3.2 Where necessary, additional loads, e.g. loads
caused by tension wires are a so to be considered.

4.3.3 The design loads for 4.3.1 and 4.3.2 as well
as the alowable stresses can be taken from the GL
Rules defined in 4.1.2.

434 Single tubular masts mounted on the top of
box girder or frame work masts may be dimensioned
according to 4.2.

435 In case of thin walled box girder masts stiff-
eners and additional buckling stiffeners may be neces-
sary.

4.4 Structural details

441  Steel masts closed all-round must have a wall
thickness of at least 3,6 mm.

For masts not closed al-round the minimum wall
thicknessis5 mm.

For masts used as funnels a corrosion addition of at
least 1 mm isrequired.

442 The mast'sfoundations are to be dimensioned
in accordance with the acting forces.

443 Doubling plates at mast feet are permissible
only for the transmission of compressive forces since
they are generally not suitable for the transmission of
tensile forces or bending moments.

444 Incase of tubular constructions, all welds for
fastenings and connections must be of full penetration
weld type.

445 If necessary, dim tubular structures are to be
additionally braced in order to avoid vibrations.

446 The dimensioning normally does not require
a caculation of vibrations. However, in case of undue
vibrations occurring during the yacht's trials a respec-
tive calculation will be required.

447 For determining scantlings of masts made
from aluminium, the requirements of B.3. apply.

448 At masts solid ladders have to be fixed at
least up to 1,50 m below top, if they have to be
climbed for operational or maintenance purposes.
Above them, suitable handgrips are necessary.

449 If possible from the construction point of
view, ladders should be at least 0,30 m wide. The
distance between the rungs must be 0,30 m. The hori-
zontal distance of the rung centre from fixed parts
must not be lessthan 0,15 m.
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4.4.10 Platforms on masts which have to be used for
operational reasons, shall have arail of at least 0,90 m
height with one intermediate bar and a foot bar. Safe
access from the mast ladders to the platform is to be
provided.

4.4.11 If needed, additional devices have to be in-
stalled at the mast's consisting of foot, back and hand
rings enabling safe work in places of servicing and
mai ntenance.
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