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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
nonfgovernmentar, 1n_faison with 1S5S0, also take part i the Work. SO collaborates closely with the
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Intefnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Thel main task of technical committees is to prepare International Standards. Draft\International Standards
adopted by the technical committees are circulated to the member bodies for Voting. Publication as an
Intefnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

Attgntion is drawn to the possibility that some of the elements of this document may be the subjgct of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO| 12215-6 was prepared by Technical Committee ISO/TC 188,.Small craft.

ISO[ 12215 consists of the following parts, under the general titte Small craft — Hull construction and
scaptlings:

— | Part 1: Materials: Thermosetting resins, glass-fibie reinforcement, reference laminate
— | Part 2: Materials: Core materials for sandwich construction, embedded materials

— | Part 3: Materials: Steel, aluminium alloys, wood, other materials

— | Part 4: Workshop and manufacturing

— | Part 5: Design pressures-for.monohulls, design stresses, scantlings determination
— | Part 6: Structural arrangements and details

— | Part 7: Scantlingydetermination of multihulls

— | Part 8: Rudders

— | Part 97-Sailing boats — Appendages and rig attachments

© 1SO 2008 — All rights reserved \"
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Introduction

The underlying reason for preparing this part of ISO 12215 is that standards and recommended practices for
loads on the hull and the dimensioning of small craft differ considerably, thus limiting the general worldwide
acceptability of boats.

The objectife© ight

and weathgrtight integrity of the craft.

This part of ISO 12215 is considered to have been developed with the application of current practice [and
sound engineering principles.

Considering future development in technology and boat types, as well as small craft @urrently outside| the
scope of this part of ISO 12215, and provided that methods supported by appropriate technology exist,
consideratipn may be given to their use so long as equivalent strength to this part of 1ISO 12215 is achieved.

Dimensioning in accordance with this part of ISO 12215 is regarded as reflegeting current practice, prov|ded
that the craft is correctly handled in the sense of good seamanship and thal it is equipped and operated |at a
speed apprppriate to the prevailing sea state.

Vi © SO 2008 — Al rights reserved
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INTERNATIONAL STANDARD ISO 12215

-6:2008(E)

Small craft — Hull construction and scantlings —

Part 6:
Structural arrangements and details

1 |Scope

Thig part of ISO 12215 concerns structural details and structural components nob explicitly fincluded in
ISO[12215-5, ISO 12215-7, ISO 12215-8 and 1SO 12215-9. It applies to monohdll ,and multihulll small craft
conptructed from fibre reinforced plastics (FRP), aluminium or steel alloys, wood or other stitable boat
builfling material, with a hull length, in accordance with ISO 8666, of up to 24/m.

Thig part of ISO 12215 fulfils two functions. Firstly, it supports ISO 12245-5 by providing further gxplanations
and| calculation procedures and formulae. Secondly, it gives a number of examples of arranggéments and
strutural details which illustrate principles of good practice. These-pfinciples provide a standard against which
altefnative arrangements and structural details can be benchmarked, using the equivalence critefia specified
in this part of ISO 12215.

NOTE Scantlings derived from this part of ISO 12215 arecprimarily intended to apply to recreational graft including
recreational charter vessels and might not be suitable for performance racing craft.

2 [Normative references

The| following referenced documents ar€;indispensable for the application of this document{ For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO| 8666, Small craft — Principal data

ISO| 12215-5:2008, Small‘craft — Hull construction and scantlings — Part 5: Design pressures forf monohulls,
desjgn stresses, scantlitigs determination

ISO|12215-7, Small'eraft — Hull construction and scantlings — Part 7: Scantling determination of multihulls
ISO| 12215-85.Small craft — Hull construction and scantlings — Part 8: Rudders

I1ISO| 12215-9, Small craft — Hull construction and scantlings — Part 9: Appendages and rig attachiment
ISOTZZT6, Small craft — Windows, porilights, hatches, deadlights and doors — Strengih and watertightness
requirements

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

loaded displacement mass

mpc
mass of the craft, including all appendages, when in the fully-loaded ready-for-use condition, as defined in

ISO

8666

© 1SO 2008 — All rights reserved
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3.2

sailing craft
craft for which the primary means of propulsion is by wind power, and for which 45 > 0,07(m|_DC)2/3 where

Ag

m pc

NOTE |
3.3

grid
grillage
set of trans

3.4
secondary
stiffening el

NOTE |

is the total profile area of all sails that can be set at one time when sailing closed hauled
defined in ISO 8666, expressed in m2;

is the loaded displacement, as defined in ISO 8666, expressed in kg.

n this part of ISO 12215, non-sailing craft are referred to as motor craft.

, as

erse stiffeners that intersect a set of longitudinal stiffeners

stiffener
ement that directly supports the plating

h a stiffener grillage, secondary stiffeners usually correspond to stiffeners having the lower second mome

area, e.g. stifingers, frames, partial bulkheads. The spacing of secondary stiffeners generally’ corresponds to the sho

unsupported
stiffener spa

3.5
primary sti
stiffening el

NOTE 1 |
of area, e.g.

span of seco|

NOTE 2

3.6
stringer
longitudinal

3.7
frame
transverse

3.8
beam
transverse

3.9
web frame
substantial

less substant

NOTE

3.10
floor

g

4

span of the attached plating. In the case of stiffeners with a substantial base'width (i.e. top hat stiffeners
ing will be the unsupported panel span plus this base width.

ffener
ement that supports the secondary stiffening element

structural bulkheads, girders, web frames. The spacing of primary stiffeners generally corresponds tg
hdary stiffeners.

bome stiffeners, such as bulkheads, deep girders’or web frames, may also contribute to resisting global Io

stiffener, generally designatedia secondary stiffener (3.4), which supports the shell plating

stiffener, generally désignated a secondary stiffener (3.4), which supports the shell plating

stiffener, generally designated a secondary stiffener (3.4), which supports the deck plating

Int of
rtest
, the

h a stiffener grillage, primary stiffeners usually correspond.to stiffeners which have the higher second moment

the

ads.

The spacing of web frames is usually greater than (or some multiple of) the frame or beam spacing.

sland

substantial transverse bottom stiffener, which may be used to link frames and may also be a partial bulkhead

NOTE

are traditionally used to support ballast keels.

Floors are often used to support a cabin sole, so the upper edge is generally horizontal. On sailing craft, floors

© 1SO 2008 — All rights reserved
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3.1

girder

substantial longitudinal stiffening element, generally designated a primary member, which supports bottom
transverse frames or floors, other frames and beams

NOTE Bottom girders are sometimes called keelsons.

3.12
bracket
stiffening element, usually of triangular shape, used to reinforce the connection of two stiffeners and to reduce

their span

NOTE Brackets are also used to transmit local loads.
4 [Symbols
Unlgss specifically otherwise defined, the symbols and units used in this part of ISO 12215 gre given in
Table 1.
NOTE Symbols and units used only in the annexes are not included in Table 1-
Table 1 — Symbols
Symbol Designation Unit
Ap Design area of plating/stiffener mm?
b Spacing between stiffeners mm
bw Width of bonding flange mm
By Beam of hull, in accordance with ISO 8666 n
Dimax Maximum depth of the boat, in accordancé with ISO 8666 m
E Elastic modulus of stiffener N/rm?2
N Mechanical property coefficient farlERP and aluminium alloys 1
fiw Mechanical property coefficient.fer wood 1
1 Second moment of stiffener cm?
£0s s K Coefficients for reinforcing thickness calculation 1
ki, kimin Glue width coefficient 1
Iy Span of stiffeners mmn
Ly Length of hulk,inaccordance with ISO 8666 |
Ly Length of@waterline, in accordance with ISO 8666 n
mLpc Loaded-displacement mass, in accordance with ISO 8666 kg
my Trailering mass, in accordance with ISO 8666 kg
P Maximum engine power kW
ty Bottom plating thickness mm
1BHD Thickness of plywood bulkhead mm
Tw Total thickness of top hat web mm
Prax Boatmaximum-speecHncatm-water kot
a4 Design direct stress N/mm?2
ay Ultimate direct strength N/mm?2
7y Design shear stress N/mm?2
o Ultimate shear strength N/mm?2
4 Glass content by mass 1

© 1SO 2008 — Al rights reserved 3
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5 General

Where the load and scantling determination have been accomplished for craft with a hull length, L, of
between 2,5 m and 24 m in accordance with

ISO 12215-5 for design pressure for monohulls and scantlings determination,
ISO 12215-7 for multihulls,

ISO 12215-8 for rudders, and

ISO 12

structural a

Where one

P15-9 for appendages and rig attachment,
rangements and details shall comply with Clauses 6 to 11.

of the two following methods prescribed in 1ISO 12215-5 have been used, the craft need
the requirements of Annex A:

ing craft with a length, L, of between 2,5 m and 9 m of design catégories C and D, w
215-5:2008, Annex A, has been used;

comply with

a) for sai
ISO 12

b)

6

6.1 Stiff

6.1.1 Gen

The hull, d

combination of longitudinal and transverse cohventional stiffeners, structural bulkheads, internal furniture s

as berths a

arrangememt is usually made with ,stiffeners supported by deeper and stronger stiffeners, cros

perpendicu

NOTE i
ISO 12215-5
stiffening.

Figures 1, 3
to both sail
Small boaty
deck edge,

for craft with a length, L, of between 2,5 m and 6 m and of single skin ,FRP bottom construction, w
ISO 12R215-5:2008, Annex B, has been used.

Structural arrangement

ning

eral

bck and deckhouse plating shall be stiffened as necessary to comply with 1ISO 12215-5, by
nd shelves, and internal tray mouldings, providing these may be considered as “load bearing”.
arly.

or small boats, “natural-stiffeners” (i.e. elements that add stiffness, even if not dedicated for the purpose
2008, 9.14), e.g. decK edge, round bilges, hard chines, keel, can define panels that need no fu

and 3 illustrate characteristic arrangements that comply with good practice. These figures a
ng and nen-sailing craft, and combinations of arrangement within a single craft are accepts
(generally those of hull length less than about 9 m in length) employ natural stiffeners suc
round’ bilges, hard chines, keel, etc. to define panels and then need no further stiffening. La

only

nere

nere

any
uch
The
sing

see
rther

pply
ble.
N as
rger

craft genera

lly-need to make greater use of the stiffener types describedin 3 310 3 12

6.1.2 Equ

ivalence criteria

Other arrangements are possible, but these shall follow good practice principles (as illustrated by Figures 1, 2
and 3) of effective and smooth transmission of stresses due to pressure loads and concentrated loads (mast,
keel, rudder, etc) from the load point into the supporting structure (see 6.3 and 6.4).

6.1.3 Lon

gitudinally framed boat

In the example in Figure 1, the hull shell is stiffened by longitudinal secondary stiffeners supported by
transverse primary stiffeners, such as web frames, bulkheads and deep floors. The example given is typical

for an FRP

boat.

© 1SO 2008 — All rights reserved
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6.1.4 Transversally framed boat
In the example in Figure 2, the hull shell is stiffened by transverse frames (secondary stiffeners) that are

typically supported at the centreline, at the chines or turn of bilge and at deck level. In larger boats, girders
(primary stiffeners) may be fitted, which support these frames and also assist in carrying hull girder loads.

6.1.5 Small, slow boat stiffened by keel, gunwale stringer, structural sole and thwarts

It is common for small craft (i.e. those of hull length less than 6 m) to have no specific stiffeners. However,
components not primarily intended to be stiffeners, such as internal partitions may act as such. These

combination of welding (continuous or intermittent), bonding with structural quality~adhesive (e.g. use of epoxy
fillets) or fibre reinforced bonding angles or other methods appropriate to the“materials. In addition, the
member in question shall be constructed of material acceptable for hull (construction in accofdance with
ISO[12215-5, and shall be able to carry the forces and moments assogtiated with the effective support
asspimption as defined there.

fransom

gunwale stringer

pulkhead

Side longitudinal stiffener (stringer)
webdrame

deep floor

N O b WN -

bottom longitudinal stiffener (girder or stringer); good practice is to have ends in accordance with Figure 4 a) or 4 c)

NOTE 1, 3, 5 and 6 are primary stiffeners; 2, 4 and 7 are secondary stiffeners.

Figure 1 — Longitudinally framed boat

© 1SO 2008 — Al rights reserved 5
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Key
1 transom 5 bottom girder
2 bulkhead 6 deep floor
3 frame 7 deep floor
4 bulkhead
Figure 2 — Transversally framed boat
1
=5 3
’\\ *
\\’ ./l\
2
5
Key
1 gunwale stringer
2  keel
3 structural sole
4 thwarts
5 deep floor
Figure 3 — Small, slow boat stiffened by keel, gunwale stringer, structural sole and thwarts
6
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6.2

ISO 12215-

Hull girder strength

6:2008(E)

ISO 12215-5 is based on the assumption that hull and deck scantlings are governed by local loads, which is
usually the case for craft of normal proportions and is especially so for longitudinally framed craft.

For the following craft, an explicit longitudinal strength and buckling assessment is recommended:

v
transversely framed motor craft where —12%_ > 6;

Ly
transversely framed sailboats experiencing large rig loads;

Ann

6.3

6.3.

The
the

sha
con
into
Cros

6.3.
eng

6.3.

The

tH
max
ex D gives recommendations for the assessments to be made.

craft with large deck openings or craft with >12.

Load transfer

1 General
structural geometry shall be so arranged and detailed as to ensure a‘smooth transfer of loads
structure. Concentrated loads (e.g. mast step for a keel stepped mast; mast pillar for a deck stg
| be transmitted into the surrounding structure by a series of stiff supporting members. In ng
centrated load points be landed on unsupported plating. In general, concentrated loads shall be
the adjacent structural elements by shear load carrying brackets, flanges or floors. Knifg
sing shall be avoided (see 6.3.5).

P gives examples of good practice load transfer arrahgements. Other arrangements need to be
neered.

P Examples of good practice load transfer arrangements
list below gives examples of good practice load transfer arrangements.

Stiffeners (generally angle bar; tee section, top hats or flat bars, etc.) and girders (inclu
girders) do not terminate abruptly, but are suitably terminated to develop their bending strengt
strength at the supporting_member, with brackets or without brackets, but with structura
attachment of web and‘flange to the supporting member (see Figure 4). Where stiffeners
loaded, they may have_tapered (sniped) ends, provided the slope of the taper is at least 30 %
plating between the-end of the stiffener and the supporting structure is designed or able to
shear force and-bending moment of the tapered stiffener [see Figure 4 c)].

Floors smoothly taper in depth towards that of the attached transverse frame. Where ng

force(due to keel moment or bottom pressure) can be adequately transferred to the side
Figure 5). The ends of floors or transverse stiffeners for sailboat ballast keel are in accordar

requirements of ISO 12215-9

throughout
pped mast)
case shall
introduced
edge load

specifically

jing engine
h and shear
ly effective
are lightly
and that the
ransmit the

transverse

frames ‘are fitted, the floor is attached to the side shell over a sufficient length to ensure that the shear

b shell (see
ce with the

Cut-outs and sharp corners are avoided in load-carrying structures such as shell, deck, primary and
secondary stiffening members. Where cut-outs cannot be avoided, the depth of any cut-out does not
exceed 50 % of the depth of the web of the member, and the length of the cut-out does not exceed 75 %
of the depth of the web of the member, unless effectively engineered. Cut-outs shall have radius corners
not less than 12 % of the cut-out depth or 30 mm, whichever is the greater. Cut-outs are avoided within

20 % of the span from the support points and by way of concentrated loads on the member.

© 1SO 2008 — All rights reserved
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6.3.3 Openings in deck and shell according to good practise

Openings in decks and shell have radius corners not less than 12 % of the width of opening, but need not
exceed 300 mm and are not less than 50 mm. This does not apply where the edges are reinforced by a
structural flat bar or equivalent (see Figure 6).

It is also good practice to minimize sharp cut-outs in structurally loaded panels and stiffeners, unless

accordingly reinforced.
1

a) Stiffener ending in panel, poor practice and good practice solution

1

b) Bracket, poor practice’and good practice solution

c) Tapéred ends acceptable provided the vertical load can be taken by the shell

Key
1 risk of crack
h  height of stiffener

Figure 4 — Detail of stringer and bracket end

6.3.4 Floating frame systems

Floating frame systems (see Figure 7) are those where one set of stiffeners (the “floated” stiffeners) effectively
sits on top of another set without being directly attached to the hull plating. Only the second set (the “attached”
stiffener) is directly attached to the plating. When analysing such floating frames using ISO 12215-5, the
effective plating of the floating frame is to be taken as zero.

8 © 1SO 2008 — Al rights reserved
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For all materials, particular metal boats or wooden boats that use plywood frames, these “floating” frames are
normally | beams “attached” to a T, L or U stringer. Attention shall be given to the strength of the weld or glued
area between the “floating” frame and stringer, torsional (tripping) or shear buckling of the stringer and the
frame transverse web and knife edge load crossing (see 6.3.5), which requires explicit calculation. By way of
guidance, the weld or glue area shall generally not be less than the stiffener web area, 4y, given by
ISO 12215-5:2008, Equation (48).

N~ [

1 2 3

a) Stiffener ending in shell, poor practice and.good practice

b) Deep floor/partial bulkhead

Key

1 hard spot, risk of erack, poor practice

2 reinforced platihg, ‘acceptable practice

3 fransverseAfloor or bulkhead, good practice

4 o longitudinal structure at top end of deep floor, acceptable practice
5 [cabin sole, deck or longitudinal stiffener on top of floor, good practice

© 1SO 2008 — Al rights reserved 9
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Dimensions in millimetres

50 < R=12% W < 300

ST

A
 J

Key
R radius cgrner
W width of ppening

Figure 6 — Deck and shell openings corner radius

Figure 7 — Section of a wooden boat with floating frame

6.3.5 Knife'edge load crossing

Knife edge load crossing happens when two load carrying members cross at a right angle. This shall be
avoided as there is a high stress concentration at the point of connection of the two members. In the case of
knife edge load crossing, at least one of the members shall be reinforced as shown in Figure 8.

10 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=2b5aa10189d2fb9c6f459c60fda5e18d

Key

ISO 12215-

/

"

2

6:2008(E)

6.3.

Oth
to 8
tapeg

6.4

6.4.

In d
I1ISO

The)
spa
that

In g
unif
stiff

In reality, small craft struetures often comprise a set of transverse stiffeners that intersect a set of

stiffi
is tg

Ins
ino
con

) of effective and smooth transmission of stresses, generous radiiy*use of connecting brac

stress concentration (knife edge load crossing), poor practice
pracket transferring the load from the horizontal plate to the vertical plate, good practice
reinforcement with an L shaped stiffener or tabbing (for use in lightly loaded areas only), acceptablé pract

Figure 8 — Sketch showing knife edge load crossing

b Equivalent criteria
br arrangements are possible but these shall follow good practice prinCiples (as illustrated 4

ring of material, avoidance of stress concentration features and eareful placement of any lighte
Determination of stiffener spans

1 General
rder to establish whether a stiffener compligs: with the requirements of the ISO 12215
12215-5:2008, Clause 11), the spacing and span of the stiffener being considered shall be est

spacing is the distance between successive stiffeners, measured perpendicular to the stiffen
h is the distance between support points (see ISO 12215-5:2008, Clause 9). It is important tqg
span exercises a very strong influence on the bending strength and deflection of any stiffener.

rder to simplify the calculations, the 1SO 12215 series considers stiffeners as isolated bea
brmly distributed pressure ‘load. 1SO 12215-5 provides guidance on locating support points
eners (see ISO 12215-5;2008, Figure 11).

bners. This maybetermed a “grid”. Each point where a transverse member crosses a longitudi
rmed an “intefsection point”.

y Figures 4
kets, gentle
ning holes.

series (see
Ablished.

br axis. The
appreciate

ms under a
for isolated

longitudinal
nal member

bme cases/it is correct to take the stiffener span as the distance between adjacent intersectio

Suc

points, but

her cases this is too optimistic. The support which one set of crossing members offers to the other set is a
plex.function of the relative flexural rigidity (EI) and the grid dimensions between well definged supports
D as bulkheads, side shell, partitions and other very deep members. This subclause provides|procedures

for determination of stiffener spans.

6.4.2 Deep stiffeners crossing shallow stiffeners

Where one set of members have a depth of at least twice that of the other set, these deeper stiffeners are
called “primary members” and the shallower stiffeners are called “secondary members”.

The

The

EXAMPLE

span of primary members, /,, is the grid dimension in the direction of the primary member.

span of secondary members, /, is the spacing of the primary member.

Side transverse frames 120 mm deep, spaced 900 mm, run from the deck edge at side to a

for a distance of 1 900 mm. Longitudinal side stringers 50 mm deep are spaced at 300 mm between centres.

© 1SO 2008 — All rights reserved
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The transverse frames are the primary members, with a span /, of 1 900 mm and a spacing » of 900 mm.

The longitudinal stringers are the secondary members, with a span, /, of 900 mm and a spacing 4 of 300 mm.
6.4.3 Stiffeners crossing similar depth stiffeners

6.4.3.1 General

This arrangement is commonly found in small craft as a tray moulding (see Figure 9) and is often referred to
as “egg-box” style. Neither set of members can be categorized as primary or secondary as the degree to

H + ey 4lo . H H pu | N H & la H 1 £ 4
which one get Stpports e omner s mMaetermmate oy SMmpre-meansorassessment:

NOTE The tray moulding shown is pre-moulded with glued flanges,"but it may also be laminated in situ.

Figure 9 — “Egg-box” style tray mouldings

In such casgs, the procedure described in 6.4.3:2:and 6.4.3.3 shall be adopted.

6.4.3.2  Stiffeners running in the shorter of the grid dimensions

The span used to determine the design bending moment and shear force shall be taken as 60 % of the [grid
dimension.

The design|pressure shall be‘obtained using a design area, 4p, based on the stiffener spacing and 60 Yo of
the grid dimension.

6.4.3.3  Stiffenerstunning in the longer of the grid dimensions

The span tq be used to determine the design bending moment and shear force shall be taken as 150 % of the
distance between intersection points.

The design pressure shall be obtained using a design area, 4p, based on the stiffener spacing and 150 % of
the distance between intersection points.

EXAMPLE An egg-box consists of 75 mm deep top hat sections running in both directions. The top hats are spaced
600 mm apart for both sets. The grid is 2 300 mm long x 1 700 mm wide.

For the stiffeners running in the 1 700 mm direction: Spacing = 600 mm, span = 0,6 x 1700 =1 020 mm.
Design pressure based on design area of 600 mm x 1 020 mm.

For stiffeners running in the 2 300 mm direction: Spacing = 600 mm, span = 1,5 x 600 = 900 mm. Design
pressure based on design area of 600 mm x 900 mm.

12 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=2b5aa10189d2fb9c6f459c60fda5e18d

ISO 12215-6:2008(E)

6.4.3.4 Cautionary note

The method described in 6.4.3.2 and 6.4.3.3 is a considerable simplification of the real behaviour of grids.
Depth is used as an indicator of flexural stiffness, lE—g The procedure assumes that the dimensions of the
grid, and in the case of the method described in 6.2.3.2 and 6.4.3.3, the number of stiffeners and member

layups, in the two directions, are broadly similar: this presumption explains why in this case the shorter grid
dimension is used, since for similar layups the grid will be stiffer in the short direction and attract greater stress

(analogous to plate equations).

6.4.

Ag
for
app

It is

Suc
arrg

6.4.

6.4.

The
grid
isb
Wh
she

6.4.

Wh
arra

6.5

A
with

#.2

id where the condition specified in 6.4.3.4 would not be satisfied would be one which runs) f
b 000 mm in one direction with just two tophat engine bearers containing carbon fibre (in the ¢
Foximately ten CSM/WR tophats running at 90° with a grid dimension of 1 500 mm.

not possible to provide simplified assessment methods to cover all structuralcgonfigurations.
h a simplified method within ISO 12215 should not be interpreted as jprecluding the u
ngements.

B Shear transmission with regard to “egg-box” style tray mouldings

| Good practice example

webs of egg-box grids composed of tophat stiffeners are continuous in at least one and pre
bnded in place, with recognition given to the generally lower strength of secondary bonded ¢

bre a secondary bond is used or where the web.frame is continuous in one grid direction or
br area as required in ISO 12215-5 is increasedby 20 %.

Equivalence criteria

ere a hollow cruciform does existrand there is no continuity of the shear web in the finishe
ngement is deemed to be acceptable if

the shear stress immediatély) adjacent to the hollow cruciform point is less than 20 % of the d
stress, or

additional reinforcement is provided on the outside of the intersection point and the adeq
reinforcement is ‘substantiated by calculation or test.

Window mullions

ulliontisra stiffener supporting the window (i.e. the vertical frame of the window). Large openi
out wihdows, introduce demands on the mullion structure. The mullions shall be analysed un

sep

br example,
rowns, with

The lack of
e of other

erably both

directions. Where the grid is pre-moulded leaving a hollow cruciform at the intersection point, & shear web

pmponents.
ly, the web

d state, the

esign shear

hacy of this

hgs, with or
der the two

rately occurring load cases outlined below

NOTE

It is assumed that the loads are transitory and will not occur simultaneously.

Load case 1: simply supported beams carrying a uniformly distributed load equivalent to the

deckhouse

side or front load, as defined in ISO 12215-5, according to position. The loaded width is to correspond to
the mullion spacing where windows are fitted. The allowable stresses should be those specified in

ISO 12215-5.

Load case 2: simply supported compression strut, carrying a load equal to the total pressure
deck structure, as defined in ISO 12215-5, supported by the mullions divided by the number

load on the
of mullions

that support this load. The compressive load at failure should be calculated using a Rankine-Gordon or

Perry-Robinson style formula, which allows for interaction between columns and strut behaviour. The
compressive load shall be at least twice the applied load as calculated above.
© 1SO 2008 — Al rights reserved 13
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With regard

a)

-6:2008(E)

to the treatment of windows:

non-bonded windows are considered non-effective;

b) for bonded windows, the strength of the panels and/or mullion shall be analysed together.

As glazing material used in windows, e.g. PMMA (acrylic) and glass, are more brittle than normal engineering
materials, the safety factor shall be greater than that given in ISO 12215-5 and shall be taken from I1ISO 12216.

6.6 Sailboat mast support

Details rela

7 Spec

7.1 Locs

711 Gen

Vulnerable
with floating

local reinforicements, e.g. rubbing stake, bracket, bulkhead), additional lamihation, laminate overlap, etc.

7.1.2 shows
7.1.2 Gog

71.21
A protectivg
comprising
keelon a s
the content
no protectiv

The feature

Reinfolfcement against-abrasion and minor grounding: the keel is reinforced to increase impact resista

ing to sailing boat mast support are given in ISO 12215-9.

fic structural details for FRP construction
| reinforcement

eral
areas shall be protected against minor groundings, docking and/or trailering forces and cor

objects (e.g. stem, exposed keel or centreline areas, chines)¢ This protection may be provide

good practice reinforcement by extra lamination or overiap.
d practice reinforcement by extra lamination

rotective keel

keel in this context is a pronounced. kntickle or profile normally running at the centreline of the|
the lowest part of the hull. A multihnuli*may have one protective keel in each hull. Even if a ba
hilboat is strictly a protective keel in this sense, the requirements in 1ISO 12215-9 shall superg
5 of this subclause. If the hullkbottom is flat or rounded without a pronounced knuckle, the hull
e keel in the sense of this subclause.

5 of a protective keel.are as described in a) and b) below.
inor groundingy.This is considered to be fulfilled if there is a reinforced laminate zone, as expla
‘e 10 and Equation (1), within (80 x By) mm from the centreline.

Thevresult is expressed in millimetres; By is expressed in metres.

tact
H by

hull
last
ede
has

nce
ned

the

ntZstrength for docking and/or trailering: the keel is designed to withstand docking and/or

trailering load shall be capable of carrying, without failure, distortion or fracture, the loaded displacement
mass of the craft at any point along the keel, unless other guidance on docking is given in the owner's

I. This is considered to be the case if the keel fulfils the following good practice.

ction modulus of the keel around the horizontal axis, SMygg,, calculated in cm3, is at least

SMygeL =14x107% x fxmy x Ly

a)
from m
in Figu
NOTE
b) Sufficig
manua
The se
14

(1)
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where my is the mass in trailering condition in accordance with ISO 8666, in kg, and

130
f1=—

Ofu

where o, is the ultimate flexural strength of laminate, in N/mm?.

In calculating the actual section modulus of the keel, the effective plating (see ISO 12215-5)
the bottom plating thickness either side of the keel.

()

is 20 times

71.

The)
dec

The
cen

NOT

71
Strg
to 4
Figd
NOT
71
The

For
defi

7.1

The)
buil

2.3 Protective chines

.2.4 Reinforcement of protected zones

.B Alternative criteria

2 Protective stem

K, Or gunwale.

laminate is in accordance with 7.1.2.4, in areas shown in Figure 10, and within. (40 x By) m
reline.

E The result is expressed in millimetres; By is expressed in metres.

brasion. Therefore, chines with an included angle of at:most 130° are reinforced in acco
re 10 and 7.1.2.4, and within (40 x By) mm from the ceftreline.

E The result is expressed in millimetres; By is expressed in metres.

minimum mass of fibre reinforcement of protected zones is as specified below.

the protective keel, stem and ching) the minimum dry glass weight of reinforcement for bottg
hed in ISO 12215-5:2008, Equation (47), is:

(2,2 X Wrin) kg/m?2 for protective keel;
(2,0 x win) kg/m?Z for.protective stem;

(1,7 x wyip) kgfm? for protective chine.

pufpase of 7.1.2 is to provide quantitative measures of robustness, which may be either
jérs or used for benchmarking purposes. Alternative methods of local reinforcement are

protective stem is the foremost part of the hull reaching from the waterline in m c conditions up to the

m from the

sses from global hull bending and torsion tend to concentrate in’ chines. In addition, chines arg vulnerable

rdance with

M, Wmin, @S

adopted by
acceptable

provided a similar level of robustness 10 that Implied by 7.1.Z IS demonstirated either by calculation or by test.

© 1SO 2008 — All rights reserved
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Lwe
4 6
Key
1 transom 5 protective chine
2 bottom glating 6 protective stem
3 side platjng By beam of hull
4  protective keel Ly length of waterline
Figure 10 — Reinforced areas of the laminate
7.2 Bondgling
7.21 Gerneral
It shall be roted that the shell or deck thickness_requirements of ISO 12215-5 do not include the thicknes
the tabbing|or bonding flange of the attached stiffener.
NOTE The reason for this requirement is.that the strength requirements of ISO 12215-5 assume a degree of g

end fixity of hetween 100 % and 50 %, which means that the panel design bending moment may occur at the centre o

panel and ng

The conneq
with the sa
structural a
be used to

According t
as a functio

t necessarily at the edge. In\addition, there is no benefit from the tabbing between the top hat webs.

tion between structufal elements shall be able to transmit the forces determined in ISO 1221
Mme design stresses or less. This connection is generally made by tabbing, glueing, filleting
Hhesive, mechanical fastening or a combination of these. The method described in Annex B
hssess stresses in the glueline.

b these Calculations, it appears that the connection of structural members needs to be considg
n of\the shear stress or shear flow it has to transmit in accordance with the following classifice

s of

anel
f the

5-5,
with
may

ered
tion

(see also IS

0712215-5:2008, 11.6 and 11.7, and Tables 20 and 21):

a)
transm

b)
flow;

c)

it high shear stress and shear flow;

moderate shear stress and shear flow.

top hats designed to be loaded with stresses close to o4 and 7y, in accordance with ISO 12215-5,

high stiffeners, like bunk sides or deep structural elements, transmit moderate shear stress and shear

very high stiffeners, like bulkheads (where not heavily loaded by mast or rig loads), transmit low or

The preceding consideration explains why the connection of a stringer or of a ballast keel floor is more critical

than that of

16

a bulkhead (see 7.2.4 for bulkhead attachment).
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7.2.2 Stiffener connection by tabbing

Tabbing is a connection by angles laminated in situ. Where tabbing is made with a material similar to the one
of the web, the total thickness of tabbing need not be greater than the total thickness of the web. Where
practical, tabbing on both sides is good practice.

7.2.3 FRP top hat typical connection

7.2.31 General

F' 4 + Il <l ' 4. + + = 4.4
vgtyprcargooapracucearrangementsare gtvenrmrgure—T-

Dimensions |n millimetres

a) Tabbing as in textbooks b) Staggered tabbing
| | b2
[ —/ | L 2 | o =
== ‘:& i = Vf& —=
< w ;<:50> B w P k] X fw/z
c) Typical boatbuilder's tabbing d) Typical glued stiffener

e) Glued plus extra tabbing

Key
1,2, 3,4 plyin order of laminating

k glue width coefficient
tw total thickness of top hat web
w width of opening

Figure 11 — Various typical top hat connections
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7.2.3.2 Top hat tabbing as in textbooks [(Figure 11 a)]

Figure 11 a) shows a tabbing arrangement for stiffener made by laminating FRP over a form. It is similar to the
one recommended by text books or class societies for stringers and transversal frames: the first ply is 25 mm
in width, the other plies are minimum 15 mm wide per 0,600 kg/m?2 of glass fibre. Each layer covers the
previous and overlaps by the indicated width. For fibres other than glass, the method described in Annex B
may be used to calculate the overlap.

This arrangement is designed to ensure that each layer transmits its shear load directly to the plating, not

through previous layers.

7233 1
Figure 11 b
all plies ha
25mmont

Figure 11 ¢
satisfactory
techniques.
Compliance
does not gu
as indicativ

7234 (
Top hats g
arrangeme
using best

Figure 11 e

7.2.3.5

The purpos
or glueing
subject to a

The values
preparation
practice. Th
to the hull

Figures 11
width and h

!

Width of tabbing or glueing

op hat tabbing in accordance with industry practice [(Figures 11 b) and c)]

shows an intermediate tabbing between Figures 11 a) and c): “staggered” tabbing, meaning
e the same width, i.e. former laminate + [(2 x 25) + (2 x 15)] mm. Ply 1 overhangs the forme
ne left, ply 2 overhangs the former by 25 mm on the right, and ply 3 is centred in thé_former.

, with no staggering, is typical of the practice of many boatbuilders. This configuration has prg
for stringers on craft below 12 m when executed by builders using bést practice construg

with these typical configurations alone (i.e. without any supporting evidence of good performa

b only. Assessment of tabbing or glueing width is discussed in 7:2.3.5.

5lued prefabricated top hats, liners or tray mouldings good practice [(Figures 11 d) and ¢

nd liners are frequently prefabricated. The configurations shown in Figure 11 d) correspon
ts which have proven satisfactory for stringers on“craft below 14 m when executed by buil
ractice construction techniques.

shows an extra tabbing layer, frequently.added in areas with higher stress like ballast floors.

e of tabbing or glueing is to transmit the shear force from the plating to the web, using interlam
shear strength of the corinecting flange. ISO 12215-5:2008, Annex H, already discussed
certain extent.

given below are highly dependent on the skill of the user, the specific material and the surj
and should therefore be taken as guidance only. They shall be validated by test or long 1
e gap between'the stiffener and the shell is also of importance, as stiff elements will not easi
urface. In this-case, glues with good gap-filling capabilities should be employed

L) to e) show the bonding width of the flange, b,,. The coefficient k; is the ratio between the bon
alf the'web thickness, as calculated in Equation (3):

that
r by

ven
tion

However, local details such as this one are highly dependent onCthe skill of the fabricator.

nce)

arantee a reliable bond. Responsibility lies entirely with builder and-Figure 11 c) is to be regafded

d to
Hers

inar
this

ace
erm
y fit

ding

The ratio calculated in Equation (3) shall be greater than the minimum coefficient value,

Equation (4

k:

jmin»

):

Tdw

kjmin =

18

Tdb

(3)

as calculated in

(4)
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where
74w IS the design shear stress of the top hat or liner web given in ISO 12215-5, in N/mm?2;
74 is the design shear stress of the glueing bond (see Clause B.3), in N/mm?2.

Consequently, the minimum width of the bonding flange, b, €Xpressed in mm, shall be calculated as in
Equation (5), but shall not be less than 50 mm.

t x idw (5)

“ap

bwmin =

bz

whdgre
% is half the width of the top hat or liner web, in mm.

Table 2 gives good practice values of kjmin for polyester or epoxy glue or paste.Intermediate valies may be
obtained by interpolation. More precise or detailed values are provided in Annex'B.

Table 2 — Good practice values for k... for glass laminates

jmin
Mat/roving/quadraxial 0,35 12 7
Double bias 0,35 20 1
Mat/roving/quadraxial 0,50 14 8
Double bias 0,50 23 13

Thig glue joint calculation need not be done for every stiffener, but only for a representative samplg.

In case of high stress on the web, (floors junction), an extra tabbing laminated in situ is added, as shown in
Figyre 11 e).

If the shear stress in the stiffener web is less or equal to 80 % of the intralaminar design shear stress, then the

kj values may be reducéd)as follows. kJ is as given in Table 2 or in Clause B.4 multiplied by ;aw , where z,,,
W

and| ry,, are respectively the design shear stress and actual shear stress in the web. However, the bond width

shall not be less than 50 mm.

7.24 Othergood practice tabbing applications for bulkheads, partial bulkheads bunk sides, etc.

Where-the member being connected is single skin, the tabbing thickness need not exceed the thickness, 7, of

the attached-web{seeFigure 1+2)if it isof the—sameformof Teinforcement s the—simgteskimmmember being

attached.

Where the member being connected is a sandwich laminate, the thickness of the tabbing need not exceed the
thickness of the sandwich skin being connected, if it is of the same form of reinforcement as the sandwich
laminate skin.

Figure 12 shows typical practice employed by many boatbuilders. It can be applied to any type of stiffener,
including glued liners or stiffener grids. The configurations shown in Figure 12 correspond to arrangements
which have proven satisfactory when executed by builders using good practice construction techniques.
However, local details such as this are very dependent on the skill of the fabricator. Compliance with these
typical configurations alone (i.e without any supporting evidence of good performance) does not guarantee a
reliable bond. Responsibility lies entirely with builder, hence Figure 12 is to be regarded as indicative only.
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' BHD

a) Tabbing on both sides b) Thicker tabbing on one side only

/

c) Tabbing on a top hat d) Glueing on both-sides
¢) Glued in a groove in a liner f) Mechanical connection plus glue with liner

\

dg) Connection via glued wooden cleats

Key
bw1, byo bopding angle tabbing
8HD thickness of plywood bulkhead

Figure 12 — Typical bulkhead connections

7.2.5 Goqd-practice connection between plywood bulkhead and shell

Where a plywood bulkhead is connected to the hull and deck, the attachment shall be structurally efficient
and, wherever possible, connected on both sides. As with any other kind of tabbing, adhesive selection, faying
area preparation and workmanship are critical.

Good practice arrangements which have been found to be satisfactory by builders are as follows:

a) bonding angle tabbing (b,,4 and b,,, in Figure 12) of (3 x tgp) mMm but no greater than 75 mm;

b) bonding angle tabbing reinforcement mass of (0,06 x tgyp) kg/mZ2.

NOTE 1  The figures in a) and b) above are given for guidance and are to be regarded as indicative.
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These values apply for tabbing on both sides: if only one side can be tabbed for lack of access, it is a good
practice that the laminate mass be raised by 30 % to 50 %.

For plywood sandwich bulkheads, g is the combined thickness of the skins, presumed to be about equal.

Plywood bulkheads may also be bonded to the hull or tray moulding or liner, provided it is able to transmit,
with a large margin of safety, the shear loads determined in ISO 12215-5.

NOTE 2 A large margin means a design stress of 0,25 times the ultimate stress (see Annex B).

7.3—Majorjoints

7.3.1 Hull-deck joint

Thel hull/deck joint shall be designed and built to achieve structural integrity and continuity betwgen hull and
deck and, where relevant, to withstand compressive loads from overall bending (sagging). Howgver, it does
not heed to be stronger than the side shell or deck structure, whichever is the lesser!

Thel hull/deck joint of fully-decked boats in design categories A, B and C shall.be watertight. This glso applies
to the deck of partly decked boats.

Typjcal good practice hull-deck joints are (see Figure 13):

— | connection with a mechanical fastener (bolt, rivet, screw, etc.); in this case, a metal or wood backup inner
plate is usually required;

— | overlapping laminate;
— |glueing;
— |a combination of these measures.

Where the sheer or the hull/deck joint)is the widest part of the boat, it is good practice to re[nforce it to
withistand the loads from docking and ashore handling of the craft.

Where the deck is required to be watertight (e.g. for stability), the hull-deck joint shall be watertight
Where laminates are mechanically connected, the fastenings shall be of a corrosion resistant metal or
protected against corrosioh. The fasteners shall be spaced and positioned so as not to impair the gfficiency of
the Jjoint. Washers and’nuts shall be of a compatible material. The edges of the laminate and the fastening
holgs shall be sealed:

Arrgngements which have been found to be satisfactory by builders are as follows:

a) |boltor screw diameter of (2,8 + 0,42 L) mm;

b) bolt or screw spacing of (190 + 4,25 L;) mm;
c) overlap width of (4 x L) mm, with a minimum value of 30 mm.

NOTE1  The values in a), b) and c) above are given for guidance and are to be regarded as indicative [see
Figure 13 a)].

NOTE 2  The values in a), b) and c) above are expressed in millimetres; L, is expressed in metres.

NOTE 3  The values in a), b) and c¢) above apply where the strength of the joint is considered to rely only on bolt
strength (i.e the eventual paste is considered only for watertightness). If the paste has a significant glueing function, the
above values are less valid.
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In the case of a hull deck joint made exclusively or mainly with glue, the builder shall base his practice on past
experience and/or tests, and shall work in close connection with the glueing compound manufacturer.

Alternative arrangements to those listed above may be used provided they are able to transmit efficiently the
hull/deck connection loads; however, it is recommended to rely on successful past experience.

Dimensions in millimetres

s i

A
 J

a) Vertical joint b) Vertical joint with self
tapping screw and inper
wood or plywood cleat

c) Horiz o “‘2 - - ot ottt Ot v - 1t 5 - ot 1o
lipped joint lipped joint glued only
at deck level at deck level

Key

bolt/rivet/screw diameter
bolt spacing

overlap width
watertightness laminate
glue joint

a b WN -

Figure 13 — Typical hull-deck joints
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7.3.2 Centreline joint

Where the hull is built in two halves, these shall be connected by staggered and overlapping consecutive
layers of laminate. Special attention shall be paid to proper surface preparation before joining.

The connection procedure shown in Figure 14 and explained below is a recommended good practice, for a
hull thickness ¢ excluding eventual protective keel.

The near centreline is tapered by grinding at a ratio 15/1. The half hulls are then connected with continuous
plies of a laminate of similar composition to the one of the hull, and a total width, in mm, of 76¢ and a thickness
t before progressive diminution [76 =2 x (15 + 20 + 3)] mm.

Key
t  hull thickness

Figure 14 — Centreline joint sketch

7.3.3 Transoms for outboard engine and sterndrive installation

The| transom design shall ensure that the bending moment and thrust from the outboard engine gr sterndrive
is transmitted into the hull structure without €reating excessive stress.

Stefndrive transoms shall be stiffened”by brackets or any arrangements transmitting the engine and strut
loads to the structure. Figure 15.gives examples of typical transom structural configuration. Where relevant,
the Jnstructions of the engine manufacturer shall be considered.
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a) Transom reinforced by two bottom girders b) Three girders for twin engines

c) Upper
lower

The minim
Equation (6

t plywoo

The minimu

Equation (7)):

finner

The minimd

for single engine

el

load taken by girders and cockpit sole and cockpit bottom by benches

Figure 15 — Examples of transom configuration

Um thickness of the plywoaod\\core, ¢ expressed in mm, is calculated accordin

plywoodcore’

, and the value obtained shall*be rounded to the closest multiple of 5 mm:

hcore =35+0,15P

m thickness of theCinner skin of engine support, e €Xpressed in mm, is calculated accordin
LH055

m-thickness of the outer skin of engine support, e, €Xpressed in mm, is calculated accordin

Equation (8

load taken by deck sides/engine well and d) Upper load transferred to cockpit sides

y to

(6)

g to

(7)

g to

fouter = Ly>®° +0,085P0°

where P is the total engine power installed on the transom, in kW.

These values are only valid for outboard engine P < 100 kW.

(8)

Other arrangements are possible, provided the engine loads are efficiently transmitted to the boat's structure.
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Laminate transition

The transition between adjacent areas of laminates shall be gradual.

-6:2008(E)

In good practice, the length of a transition between laminates of different thickness but of same lay-up is at
least 20 times the thickness difference, and in highly stressed areas 40 times the thickness difference. For
different lay-up, this is adjusted to the lesser laminate thickness.

Where changes in the hull form occur, such as at the chine or transom boundary, the reinforcement is carried
through and past the knuckle, with the ends of the various layers staggered. Good practice reinforcement as
given in 7.1.2 may be used (see Figure 10).

7.5
San

of t
skin

7.6

The
moq

The)

Wh
lam

7.7

7.7.

In
tran
load

Sandwich construction
dwich construction can be regarded as an effective means of limiting deflections.’ This

e outer sandwich skin due to hydraulic pressure. Where a sandwich laminate $ transformed i
laminate, it is good practice that the transition zone extend over not less than 3-times the core

Attachment of fittings

ring and towing devices, pulpits, lifeline stanchions, handrailsgwinches, tracks, blocks, etc.
reinforcement of the laminate of such fittings shall generally-be carried out by the following me
additional laminate;

backing or insert of plywood or metal reinforcements;

core replacement by high density foam core, wood or plywood insert, possessing compressive
the through thickness direction in excess of 5 N/mm?2, or transition to single skin laminate; or

a combination of the above.

bre an insert is used in place of the removed core material, the sides of the remaining ¢
nate shall be coated with(resin to avoid the ingress of water.

Engine seatings_and girders

1 General

ddition_tovthe general considerations of 6.3, all supporting structures shall be able to wit
smit, both the design loads calculated in 1ISO 12215-5, and superimposed on these loads an
sthat'may occur during its intended service, associated with the engine. These loads may

ma

construction

metyrod may be suitable with or without additional stiffening. Consideration shall be givén to the rigk of peeling

nto a single
thickness.

hull and/or deck shall be sufficiently strong to carry the load transferred into the boat by fittings such as

ansS:

strength in

re and the

hstand and
y additional
nclude, but

nat be limited to:

the weight of the engine, taking into account any accelerations acting on the engine in the type of usage it

is intended for, such as vertical and lateral motions in a seaway, high speed turns, etc.;

the thrust force, if carried by the engine foundation and not by a separately supported thrust bearing;

the torque of the engine and propeller combination;

vibrations caused by the running engine;

the creep of the engine bearers due to constant loading by the engine weight (even when at rest).
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These loads are often introduced to the structure as point loads.

Effects of fatigue may need to be considered, particularly near the propeller, where vibrations from pressure

fluctuations

are frequent.

Engines are usually held by flexible supports to dampen vibrations. The effects of the type of supports on the
alignment of the engine and shaft line shall be considered. Where the shaft is supported by a propeller strut,
the engine/gearbox/propeller arrangement usually follows one of the arrangements given below, in order to

avoid too m

any degrees of freedom that may bring strong vibration problems:

a) engine/gearbox on flexible mounts, rigid connection between gearbox and propeller shaft, and “floating”

stuffing

b) engine

knucklg, and “fixed” stuffing box and shaft.

7.7.2 Eng

This subcls
equally sati
for the serv

Engines ar¢ generally placed in between two longitudinal members, desighated as “engine bearers”. Th

engine bea
the engine
and aft in th
adequate s
be avoided
suitably sn
concentrati

Figure 16 s
metal). Oth

Figure 16 a
top of a top
care shall b

Figure 16 b

flange angl¢ is bolted on a laminated plywood or metal girder.

box and shaft;

gearbox on flexible mounts, flexible connection between gearbox and thrust bearing homocir

ine foundations

use describes the most common arrangements. Alternative arrangements may exist that
sfactory. The manufacturer and/or designer shall ensure that the adopted-arrangement is suit
ce for which the craft is intended.

rers provide adequate transmission of engine loads to the €urrounding structure. On larger g
bearers will typically be supported by floors and bulkheads. The engine bearers extend forv
e structure as far as possible, but may be joined together forward and aft of the engine, prov
rength and stiffness is maintained. Abrupt changes of’height or second moment shall, in gen
as they could cause stress concentration. Where>the engine bearers terminate, they shal
ped or bracketed, or otherwise connected tei‘the structure in a manner to prevent st
bns and, where possible, transmit their verticalloads to the structure.

hows typical propulsion engine arrangements that can be used with any material (FRP, plyw
br arrangements may exist that are equally satisfactory.

shows a typical mounting on top of a foam or plywood former. The flexible support block is lai
hat. It is fixed by bolts tapped-in an over-laminated steel plate. If the former is made out of fg
e taken to have the ends ef\the plate loading the webs in compression, thus not crushing the fg

shows another typieal-arrangement, where the flexible support is bolted on a flanged angle.

etic

are
able

ese
raft,
vard
ded
pral,
be
ress

bod,

1 on
am,
am.

his
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P
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7.7.

Thri
long
abs
may
long
mat

All 1
sup

a) Typical mounting on top of foam b) Flexible support bolted on flanged angle
or plywood former

foam or plywood former

the steel plate overhangs the inner web layer for compression loading
fapped bolt

flexible engine support

pver-laminated steel plate

epoxy fillet

plywood laminated girder

flanged L metal bracket

Figure 16 — Examples of typical inboard engine support

B Foundations of thrust absorbing components such as thrust bearings and saildrives

st bearings, saildrives,_and similar thrust absorbing components are generally placed bgtween two
itudinal members. Fhese longitudinals shall provide adequate transmission of forces from the thrust
brbing components to’the surrounding structure. Forward and aft of these components, the Ipngitudinals
be joined into.one? Ideally, the main propulsion engine is placed on the same longitudinals. Where these
itudinals termihdte, they are suitably sniped or bracketed, or otherwise connected to the stfucture in a
ner to prevent stress concentrations.

he supporting structure shall be able to withstand both the design loads calculated in 1ISO 12215-5, and

ass

The

erimposed on these loads any additional loads that the craft may reasonably be expected tT withstand,
pciated with the thrust absorbing components

se loads may include, but may not be limited to:

the weight of the unit, taking into account any accelerations acting on the unit in the type of service it is
intended for, such as vertical and lateral motions in a seaway, high speed turns, and collisions;

the thrust force;
the hydrodynamic drag force;

the torque of the engine and propeller combination;
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ground

vibrations caused by a rotating propeller or by the running engine (transferred through the shaft);

ing.

These loads may be introduced to the structure as point loads.

7.8 Hull

drainage

The attachment of stiffeners shall be such that water will not be trapped. Suitable arrangements shall be made
to provide free passage of water from all parts of the bilge to the pump suctions. Edges of openings in the

(TN £l

Structure S (=L A OUG:Ud LIIIIbUI hU:UO \UI pUIIULI GtIUIIO fUI Uab:UO Ut\i I oha” IIUt bU HIGUUd U:UOU |4 tIIU L}
of frames.

8 Specific structural details for metal construction

8.1 Design details

Special attgntion shall be paid to structural continuity. Abrupt changes of shape of section and sharp cor
shall be avpided. Where the width of face bar or the depth of web changes, the taper shall not be less

33 % [see H

The detail
transferred

igure 4 c)].

design of structural members shall ensure that bending) moments and forces are suit
at changes in sections. Where considered necessary, 1SQ:12215-5 and ISO 12215-9 can be

to verify that design shear load and bending moment can be transmitted.

8.2 End

End conne
bending md
structure.

8.3 Incre

It is good p
be increaseg

connections

Ctions of structural members shall provide adequate end fixity and effective transmission off
ment and shear force into the supportingshémber, and distribution of the load into the surroun

ased hull plating

actice that the thickness of(the hull plating in areas subject to chafe or wear, if and where reley
d beyond the minimum required scantlings by at least 0,5 mm.

8.4 Protective keel

8.41 Gen

eral

If a boat is dlesigned-to be docked on its bottom, it is good practice to fit a protective keel and docking keel

nge

hers
han

ably
sed

the
Hing

ant,

Among prollective keels, typical arrangements are bar keel, channel (box) keel, flat (plate) keel, etc.

8.4.2 Protective keel section modulus good practice

If a protective keel is fitted on a metal boat, it is good practice to have its section modulus, SMygg, , calculated
in cm3, including eventual bar keel and attached plating, not less than

SMKEEL :7><10_

4
x f1xmpc * Ly

where f; is as defined in 7.1.2.

Consideration shall be given to buckling of protruding plates or puncturing of flat plates.
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In calculating the actual section modulus of the keel, the effective plating shall be in accordance with
ISO 12215-5.

8.5 Hull drainage

The attachment of stiffeners shall be such that water will not be trapped. Suitable arrangements shall be made
to provide free passage of water from all parts of the bilge to the pump suctions.

8.6 Machinery spaces

Mai uxifiary i ively Secu U uctare by i Uate scantlings
to resist the loads listed in 7.7.

8.7| Good practice welding standards

8.7.1 General

Many EN or ISO standards contain useful information on welding procedures/(see References [4] tp [15] in the
Bibljography). The application of these procedures is recommended, but nétmandatory.

Annex C gives an example of good welding procedure; its application issrecommended.

8.7.2 Alternative criteria
The| purpose of Annex C is to provide quantitative measures of welding procedures, which mgy be either
adopted by builders or used for benchmarking purposes. Alternative methods of welding are|acceptable

proyided a similar level of strength, longevity, robustnéss and watertightness to that implied by|Annex C is
denjonstrated either by calculation or by test.

8.8| Good practice for riveting or adhesive bonding

8.8.1 General

Rivegting may be used as a structural connection. The good practice outlined in 8.8.3 is valid for all structural
rivefed connections, and the additional good practice outlined in 8.8.4 is valid for watertight connections.

8.8. Alternative criteria
Alternative methaods_of riveting are acceptable provided a similar level of strength, longevity, robdistness and

watertightness to'that implied by the application of 8.8.3 or 8.8.4 is demonstrated, either by calcylation or by
test

8.8.8 /Good practice for structural riveted connections

8.8.3.1  Design

Rivet connections are generally designed to work in shear. Out of plane loads are normally carried by other
means. The geometry of the riveted joint ensures that the shear is distributed roughly evenly among the rivets.
The shear stress in the rivets may be calculated using the method given in Clause B.2.

The diameter of the rivet is normally at least equal to the thickness of the thickest plate in the connection, or
25 % of the total thickness of connected plates, whichever is the greatest. The distance from the rivet to the
edge of the plate is at least 1,5 times the greater plate thickness. The longitudinal and transversal distance
between rivets is at least 2,5 times the rivet diameter.
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8.8.3.2

Rivet material and type

The material in the rivet shall preferably be the same as the base material. It shall not turn brittle as a
consequence of cold working. The material combination shall be chosen so as to avoid corrosion.

8.8.4 Additional good practice for watertight rivet connections

In watertight connections, the rivets are arranged in two or more rows. The distance between adjacent rivets
shall be at most 4 times the thinner plate thickness.

9 Good practice on laminated wood

9.1 Edg
Laminated
sealing cog
structurally

sealing

t of resin or other protection shall be employed, including edges. If plywood”is to be useq

9.2 Plywood orientation

The strengt
of the face
especially f

plywoo

h and stiffness of plywood consisting of few plies (five or less)ds,very dependent on the orientg
grain. This shall be considered when evaluating scantlings*in accordance with ISO 1221
DI’

d panels laid up so that the face grain is perpendicularito the short panel direction; in this case

properties perpendicular to the grain shall be used (see 1ISO'12215-5:2008, Annex E);

plywoo
axis of

9.3 Locs

9.3.1 Pro

d bulkheads with substantial cut outs where.the face grain may be at various angles to the |
shallow plywood sections (see ISO 122154552008, Annex E).

| scantlings

ective keel

If a boat is ¢lesigned to be docked ontits bottom, it is good practice to fit a protective keel and docking keel

9.3.2 Pro

If a protect
SMyggy, ca

SM KR

ective keel sectionnmodulus good practice

bd keel is fitted-on a wooden or plywood boat, it is good practice to have its section mody
culated in-em3, including the attached plating, not less than

L =28x107°x fyxmpe x Ly

wood and prefabricated plywood in particular is vulnerable to degradation through'water ingress.

effective “formers” for FRP stiffeners, then the plywood shall be pre-coated with a suitable resin.

| as

tion

5-5,

the

pcal

lus,

10)

where

65

J1

Ofu

and o, is the ultimate flexural strength of the wood, in N/mm?2.

(11)

In calculating the actual section modulus of the keel, the effective plating (see ISO 12215-5) shall be 15 times
the bottom plating thickness either side of the keel.

30

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=2b5aa10189d2fb9c6f459c60fda5e18d

ISO 12215-6:2008(E)

9.3.3 Protective chine good practice

Where fitted, it is a good practice to have the chine log with a cross-sectional area the greater of
0,7 x Ly cm? and 0,12 x #,2 cm?.

The depth is between 50 % and 60 % of the width and provides a faying surface of at least 2,5 times the
thickness of the bottom plating.

Other chine configurations, such as those involving epoxy fillets, are suitable.

9.4 —Alternative criteria

The| purpose of this clause is to provide quantitative measures of robustness, which may be either{adopted by
builfers or used for benchmarking purposes. Alternative methods of local reinforcement are |acceptable,
proyided a similar level of robustness to that implied by this clause is demonstrated eithet’by calculation or by
test

10 |Consideration of other loads

In gdddition to the design pressures and other loads considered in 1S©12215-5, ISO 12215-7, 180 12215-8
and|ISO 12215-9, the following loads shall be considered:

a) |docking (to be based on the normal docking weight of the craft);

b) [lifting (to be based on the normal lifting weight of the craft’and number of lifting points);
c) |grounding (see ISO 12215-9);

d) |towing (to be based on minimum speed with regard to steerage, wind and tide);

e) |anchoring;

f) |berthing/mooring;

g) |transportation by road vehicle!

These loads are not explicitly-defined in ISO 12215 and may in some cases be difficult tp calculate.

NeVertheless, adequate local.feinforcement shall be provided in due consideration of the above. These loads
are Jocal and shall be effectively transmitted into the hull structure.

11 | Other structural components

11.1 General

Some<’structural components have explicit scantling formulae given in SO 12215-5 1S5S0 12215-7,
ISO 12215-8 and I1SO 12215-9 (i.e. hull structure, rudder, keel, chainplates, cross-beams), but some other
components not covered also need to be considered.

11.2 Rudder structure and connection
See ISO 12215-8.

On spade rudders, the stock is normally held in two points to avoid statically indeterminate structure:
— alow point, usually near the bottom hull, and

— atop point, usually near the deck or on an intermediate console.
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On these low and top points, the shell, deck or console shall be strong enough, or be reinforced, to transfer

the lateral/vertical loads from the stock (i.e. loads for rudder bearing or pintle fitting).

Where a rudder is attached to the transom, the latter shall be adequately reinforced to take the loads from the
rudder or its fittings.

11.3 Keel attachment

See ISO 12215-9.

11.4 Intropuctiomanddistributiomof rigging toads
See ISO 12

215-9.

11.5 Othdr structural components not considered in other parts

Where calc
particular, t
reference b

a)
b)
c)
d)
e)

f)

32

skegs
propell
davits;

window

hseline for assigning scantlings to the following components:
see ISO 12215-9);

br struts;

s (see ISO 12216);

ventilafion devices (air pipes, vent pipes);

radar masts.

Lilations are not possible, the general requirements of this part of ISO 12215 shall be employed. In
he calculable scantlings from other parts of ISO 12215 for the adjacent-structure shall provide a
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(normative)

Structural arrangements for category C and D boats

-6:2008(E)

A.1 General

Thig annex concerns the requirements for structural arrangements for boats of design category B-gr C that are
eligble to use ISO 12215-5:2008, Annex A, as specified in Clause 5 of this part of ISO 12215. [Such boats
may be constructed from fibre reinforced plastics with single or sandwich skins, aluminium or steel alloys,
plywood, strip-plank wood or moulded wood laminate.

A.2 Hull strength and stiffening

A.2l1 Plating thickness and local stiffening

Thet hull, deck and deckhouse plating shall meet the minimum thickness requirements of ISO 12215-5:2008,
Annex A. To determine the minimum plating thickness required by ISO 12215-5:2008, Annex A\, the local

pangl width for the plating “»” shall be known, where b is measured between “stiffeners” at the €

dges of the

pangl. These stiffeners may be conventional stiffeners, bulkheads, internal structure such as thwarts or bunk

fronts, internal mouldings or “natural” stiffeners such as<hull chines, round bilge, deck edge, ke
measurement of b for typical stiffening arrangements and natural stiffeners is shown in ISO 12

Cla

In o
meg
stiff
wod
ISO

The
bon
the

locs

Exa
ove

A.2

se’.

rder to be considered as a stiffener for this purpose, the stiffener structure shall be “load be
ns that the stiffener shall have sufficient-strength such that any flexing of the skin panels shall
eners, i.e. the stiffener would not flexssignificantly with the panel. For stiffener frames or string
d or metal of conventional shape, the minimum dimensions for adequate stiffness can be dete
12215-5:2008, Annexes A and\G:

se load bearing stiffeners shall be effectively attached to the adjacent plating by mechanicg
ding, fibre reinforcement,-taping, welding or any method appropriate to the materials. The at
stiffener to the hull_plating shall also be made in a way that minimizes any point loads that c
| plating distortionC{see notes on construction materials below).

mples of good practice are given below; other arrangements may be chosen provided thg
rall rigidity is‘achieved.

12 Qverall rigidity of hull structure

el, etc. The
P15-5:2008,

aring”. This
be between
brs of GRP,
'mined from

| fastening,
achment of
buld lead to

necessary

A.2.

2.1 General

Compliance with the skin thickness requirements of 1ISO 12215-5:2008, Annex A, should ensure adequate
local stiffness of the structure, but further structural consideration may be needed to ensure that the overall
rigidity of the hull structure is sufficient to prevent any distortion leading to possible structural damage.

Examples of good practice are given below, as appropriate for the type of decking, other arrangements may
be chosen if they provide the necessary overall rigidity.
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A222 O

pen boats good practice

Boats without decking have additional structural material at the perimeter of the hull shell, such as a
gunwales/rubbing strake, flange or moulding, to stiffen the top edge of the hull shell. At discontinuities around
the perimeter (e.g. at transom corner), the structure is strengthened with additional material, knees or a

suitable rad

ius.

For small open boats, the thwart(s) may be used to provide additional transverse rigidity, in which case the
ends shall be effectively attached to the hull shell in a way that distributes the load to avoid a point load and

distortion (s

ee Figure 3).

A2.23 Phrtially-decked boats good practice

For partly-d
shall be suy

Sharp corngrs in the deck are avoided to prevent areas of high stress that may lead to cracking (see 6.3).

A224 F

For fully-dg
independen
bulkheads ¢

For small fi
sufficient rig
floor either

A.2.3 Disf

The structu
as follows:

— stiffene
concer

concen
structu

openin
avoide

ecked boats, the deck shall be effectively attached to the hull shell to prevent local moyement,
ported in a way that prevents point loads on the hull shell (see 6.3).

LIly-decked boats good practice

cked boats, the hull and deck structure shall be arranged to prevent the deck from mo
tly from the hull. For boats with interior space, this is typically achieved by a combinatio
r partial bulkheads, webs, beams, ring frames or struts.

Llly-decked boats where the internal space between the hull and deck is not easily access

idity may be achieved by bonding or otherwise connecting areas of the hull to the deck or coq
Hirectly or via an internal structure designed for this pufpose.

ribution of loads
ral arrangement shall ensure a smooth transfer of loads throughout the structure. Good practic
rs do not terminate abruptly, but”are continuous into other stiffening structure to avoid
trated load points, or they have tapered ends;

trated point loads are notlanded on unsupported plating; they are transmitted into the surroun
'e by reinforcement or'supporting members;

Os in the hull shell/deck or other load-carrying structures have radius corners; sharp corners
i (see 6.3.3):

and

ving
h of

ble,

kpit

e is

any

ding

are
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Annex B
(informative)

Determination of shear stresses within a stiffener with glued or
riveted joints

B.1 General

The| contents of this annex are an application of the method of stiffener analysis given in 1SQ._12215-5:2008,
Annexes G and H. Consequently, only specific items regarding the stiffener connection are@overed here.

B.2 Shear stress and shear flow within a stiffener
Thel example of top hat given in ISO 12215-5:2008, Annex H, is used.
Dimensions |n millimetres

80
60

A
A J

h =100

NA

Key
NA pheutral axis

h  height of stiffener

t, plate thickness

t,, lotal thickness of top hat web

Figure B.1 — Top hat

The shear flow, ¢, expressed in N/mm, is defined in ISO 12215-5:2008, H.2.1.6.

For a 1 mm wide strip of plating,

g-r-2xE (B.1)
EX[NA
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and for a stiffener,

_FXEXAXZCANA

B.2
where
F is the maximum shear force, in N;
0 is the first moment of area, in mm3;
E is-the-inplane-elastic-modutus-of the-stiffenerelement—a-Nimm:
ExIyq is the flexural rigidity of the stiffener and plating combined around the neutral axis, in Nfmm?Z;
A is the cross-sectional area from the point to an outer edge of the stiffener, in mm?2;
zcana | is the height of the centroid of 4 to the neutral axis, in mm.
In 1ISO 12215-5:2008, Table H.4, Column 23, the shear flow varies from 0 N/mm at top or bottom ends of the
stiffener, to[255 N/mm at NA (neutral axis) and is 225 N/mm at the bonding between'plating and flange.
As in I1SO [12215-5, Table H.4, of prime importance is the strength of the laminated or glued bond. [The
average shear stress within the bottom flange, 7, calculated in N/mm2, is:
225
=—=225 B.3
fave Z[100 (B-3)
and the compliance factor, ¢;, is:
ot :_Td_:£:3,64 (B.4)
Tde 225
B.3 Design shear stress in a laminated-or glued bond
In the methpd described in this annex, givén the importance of the strength of the glue bond, the first step |s to
assess whdt the design stress is withincaylaminate or a glue bond.
Stress distrjbutions in laminated oryglued bonds are complex. Equations (B.1) to (B.4) above for shear fflow
and stress are simplifications andjdo not allow for stress concentrations. In addition, the visco-elastic natute of
adhesives requires that design-stresses be kept low in order to limit creep and ensure longevity of the bongl.
For these feasons, the.design strength in a bond requires a higher safety factor than in other strucfural
materials suich as FRP)wood or metal.

Therefore t!re design shear stress in the bond, 74,4, Calculated in N/mm?2, is:

Tdbond

where 7.,

Data may b

36

=U,27ybond

4 is the ultimate shear strength in the bond.

e taken from Table B.1 unless specific tested values are available.
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Table B.1 — Nominal and design shear stress in a laminated or glued bond

Ultimate shear strength in bond Design shear stress in bond
Adhesive Tubond Tdbond
N/mm?2 N/mm?2
Polyester or vinylester resin or paste 15 3
Cold-cured epoxy 27 5,4
Epoxy type paste 40 8

In 19
lam

pU 1£2£10-0.ZUU0, Table .4, e DOUWOITT palt O the table CONncerns thisbomnd strengtri. Whth RO
nate or paste, design shear stress in the bond is 3 N/mm?2, as indicated in Table

ester resin
B.1 above.

Corfsequently, the compliance factor, ¢, is an acceptable value:
¢ = Tdbond  _ 3 =133
Tavebond 224
For|other glued stiffeners, particularly wooden ones, the same method shall be used to evaluate the strength
of a|glued bond. However, the proportions of the stiffeners given in ISO 12246-5:2008, Annex G, are such that
glugd bond stress is not usually critical.
B.4 Values of ;
Thel values of k; defined in 7.2.3.4 have been computed in Table B.2, using the two first values of|glued bond
of [Table B.1 for interlaminar shear design stress.(of the glue/paste, and the default| values of
ISO| 12215-5:2008, Tables C.4 a) and C.4 b), for the webs. The values of 74 and k; have been roynded to the
clogest integer figure; b, is the bondline width.
NOTE In ISO 12215-5:2008, Table H.4, it can.bé observed that the shear flow at the bond (225 N/mm) is slightly
lowgr than at NA level (255 N/mm), and the valuesigiven in Table B.2 are slightly conservative.
Table B.2’— Ultimate and design bond strength
Polyester or vinylester glue\resin/glue/paste Cold cured epoxy glue resin/glue/pgste
74 Values of b, / t,, for 7y glue 74 Values of b, / t,, for 74 giue
laminate, laminate,
djue or Interlami h glue or Interlami h
aste nterlaminar shear ‘ paste nterlaminar shear .
om ISO 12215-5:2008, Value of ; from ISO 12215-5:2008, Valpe of /;
in7.2.34 in7.2.3.4
Taple B.1 Annex C Table B.1 Annex C
3,0 54
DB DB
a C
| e | MR | BB, | uad PN IETLN MR | 9B, | Quad
’ S ¢ + 45° v Sl I ‘ + h5°
N7mmz N7mm2
0,35 33 59 36 11 20 12 0,35 33 59 36 6 11 7
0,40 35 63 39 12 21 13 0,40 35 63 39 6 12 7
0,45 37 67 41 12 22 14 0,45 37 67 41 7 12 8
0,50 39 70 43 13 23 14 0,50 39 70 43 7 13 8
0,55 41 74 45 14 25 15 0,55 41 74 45 8 14 8
0,60 43 77 47 14 26 16 0,60 43 77 47 8 14 9
NOTE Significant results are shaded dark.
2 MR = mat/roving.
b DB+ 45 = double bias + 45°.
¢ Quad = balanced quadraxial (0/45/90/-45).
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B.5 Rough assessment of shear flow

An approximate method to assess the shear flow is to divide the shear force, Fy, by the height between the
CGs of the top and bottom flange. This method may be used for preliminary calculation only.

In the case of the example of ISO 12215-5:2008, Table H.4, the total height is 121 mm, from which half the
thickness of the two top flanges is deducted (7/2 = 3,5 mm) plus half the thickness of the bottom flange, the
plating (10/2 =5 mm). The height for rough evaluation is then 121 - 3,5 -5=112,5 mm. The “rough” shear
flow, ¢, expressed in N/mm, is calculated as

g="Ld 22090 540 Njmm,

he—+425

which is in between the maximum value at 255 N/mm and the value at bond flange at 225 N/mm.

This value fnay be used for a rough assessment of the glue joint, or multiplied by 1,10 for a moretconservative
assessment.

B.6 Determination of riveted joints

B.6.1 Theory

After calculpting the shear flow, as explained above for a glued joint, the/force on each rivet, f;, expressgd in
N, is calculated by Equation (B.6):

N
£ =41 (B.6)
e
where
is fhe rivet spacing, in mm;

is fhe number of rivets per row.

I~ &

fS
}
Y

A
Y

b, bondline width
be effective width of attached plating
dy rivet diameter
h  height of centre of panel or middle of stiffener above the fully loaded waterline
n, number of rivets per row
sy rivet spacing
ty stiffener flange thickness
Figure B.2 — Riveted stiffener sketch
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The force per rivet, f, shall not be greater than the design force that the rivet can transmit, which is the

smallest of the results of Equations (B.7), (B.8) and (B.9) below.

The force per rivet in the shear, 5, expressed in N, is

_z'd><rc><dr2

frs 4

(B.7)

TherforceperTivetimttebearingof theTivetimthe bottorftangeof thestifferrer; 755 expressedip N, is

Frostift = 18x 0y xd, xtg

The| force per rivet in the bearing of the rivet in the plating,ﬁbplate, expressed in N, is

Sibplate = 18x0g xd; x1

whdre

d

I

B.6l3 Worked example

 is the rivet diameter, in mm;

ts is the stiffener flange thickness, in mm;

is the plate thickness, in mm.

74 is the design shear stress on the rivet according to 1ISO42212-5 for stiffeners, in N/mm?Z;

(B.8)

(B.9)

o4 is the design tensile stress on the stiffener according'to ISO 12212-5 for stiffeners, in N/m m2;

Thel worked example shown in Tables B.3 and B.4 analyses the case of a 3 mm thick aluminiym stiffener
rivefed on a 4 mm aluminium plating and stiffener, both made from EN AW 5083 H 111, and rivetd made from

EN AW 5383 H 34 (See ISO 12215-5:2008, Table F.1).

Table B.3 — Riveted connection calculation

Main data Analysis of the rivets Analysis of the stiffener flange
Shear flow ¢ 100,0 | N/mm | Shear stress in rivet ¢ 70,7 | N/mm? — — —
Rivet diameter 6 mm Compliance factor in shear 1,07 . o | .
gl
Rivetspacing 40 mm | Bearing thickness 3,0 mm | Bearing thickness 3,0 mm
Nb of row 2 — | Bearing stress on rivet 111 | N/mm? | Bearing stress on flange 111 | N/mm?
Requnr.ed 2000l N Comp. factor in bearing 2.12 | Comp.factor in bearing 1,83 *
force/rivet ogplo ogplo
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Table B.4 — Rivet and plate mechanical properties in accordance with ISO 12215-5:2008, Table F.1

Property Rivet material EN AW 5383 H 34 Stiffener material EN AW 5083 H 111
Tensile oy rivet 131 N/mm?2 | oy rivet 113 | N/mm?
Shear 14 rivet 76 N/mm?2 | 74 rivet 65 N/mm?2
Bearing ogp rivet = 1,8 oy rivet 236 N/mm?2 | oy, rivet = 1,8 oy rivet 203 N/mm?

limiting con

In this exa||nple, the importance of the shear flow requires two rows of rivets with a 6 mm diameter|[The

condition is|not critical.

40

dition is the rivet shear stress, with the compliance factor in shear just above 1. The\bea

ring
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C.1

ISO 12215

Annex C
(informative)

Good practice welding procedure

General

-6:2008(E)

The)
Ann

We
detd
star

The
suc
con

The)
deta
sou

The)
cha

The)

Wh
slop

DoJ
plat
the

Loc
sha

Ops
of n
suc

steel and aluminium materials shall be in accordance with ISO 12215-3 or with 1S@12
ex F.

ded joints shall be designed to be accessible to ensure sound welding and for edsy inspectid
ils shall be indicated in the welding schedule that shall be completed and available before
s,

sequence of welding plate butt welds and the fillet welds of structuraltelements to the plat
N as to minimize residual stresses and deformation of the structure;“The welding sequen
pleted and available before construction starts.

fittup of plating and structural elements shall correspond-accurately to the welding sched
ils to ensure that the gaps between the plates and members being attached are as designed
hd welds.

hges in section, or thickness and without structuralnotches.

change in depth of web or width of face bar or flange of members shall not exceed 1 in 3.

bre the difference in thickness of abuttifig plates exceeds 3 mm, the thicker plate shall be t
e not exceeding 1 in 3.

blers shall generally be avoided but, where used, shall not be thicker than 1,5 times the thick
ng to which they shall be dttached. They shall be attached by continuous fillet welds around t
Houbler and as necessary.around the edges of slots in the doubler.

Al accumulation of welding shall be avoided. Butt welds shall be at least (50 mm + 4¢) apart an

| be at least (30-mm + 3¢) from fillet welds, where ¢ is the thickness of the weld.

ot less than 25 mm or 2¢, whichever is greater. The fillet welds shall be wrapped around the
N openings.

P15-5:2008,

n. Relevant
construction

ng shall be
ce shall be

ule. Design
to produce

welded joints shall be designed to provide a smoeth'flow of stresses as far as practicable without abrupt

hpered to a

ness of the
he edges of

i butt welds

nings madé in'the webs of structural members for subsequent butt welds or fillet welds shall have a radius

edges of all

C.2 Welding processes

C.2

.1 Steel welding

Steel plates and structural members shall be welded by manual metal arc (MMA) or submerged arc (SAW)
welding. Other processes, such as metal inert gas (MIG) or tungsten inert gas (TIG), laser welding or plasma
arc welding, may be considered.
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C.2.2 Aluminium welding

Aluminium plates and structural members shall be welded by metal inert gas (MIG) or tungsten inert gas (TIG)

methods. O

ther processes, such as friction stir welding and laser welding, may be considered.

C.3 Cleanliness of surfaces

C.3.1 Steel elements

All surfaces to be welded shall be free of moisture, grease, loose mill scale, rust, paint or other contaminates

by wire brus

Primer coat
welds.

Slag and sg¢
subsequent

C.3.2 Alu

Suitable so

contaminatés from the vicinity of the area to be welded.

bhing or grinding.
ings may exist, provided it is demonstrated that they have no adverse effect on the quality of
ale shall be removed from the edges to be welded and also from each pass before’depositing

pass.

minium elements

vents or mechanical means shall be used to remove oil, grease, indelible markings and all g

the

the

ther

Oxide filmg shall be removed from joint surfaces immediately prior {0 Welding by suitable mechanicgl or

chemical means.

C.4 Butt|welds

C.4.1 General

All plate buft welds shall be full penetration, welded from both sides, although plates with a thickness < 2|mm

may be we|ded from one side only. Initially thesbutt weld shall be made from one side, following which| the

weld shall e back-chipped to sound weld metal/from the unwelded side, cleaned and the weld completed.

Plate butt welds may be made from_,ene side only, provided backing bars of the same material as|the

materials b¢ing welded are provided @néd‘the details are shown in the welding schedule.

The followinjg are general recommendations for edge preparation for butt welds.

C.4.2 Edde preparation >-steel plates

The following generally'‘applies for MMA, SAW, MIG and TIG welding processes:

— square|platesedges: maximum thickness is 6,5 mm for manual welding; 19 mm for automatic welding;

— single yee)(60° included angle): maximum thickness is 19 mm for manual welding; 25 mm for autonjatic
welding;

— double vee (60° included angle): unlimited thickness.

C.4.3 Edge preparation — aluminium plates

The following generally applies for MIG and TIG welding processes:

square

double

42

plate edges: maximum thickness is 6 mm,;

single vee (80° included angle): maximum thickness is 25 mm;

vee (80° included angle): unlimited thickness.
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