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Foreword

:2020(E)

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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainte
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént'may be the
patent rights. ISO shall not be held responsible for identifying any or all such/patent rights.
any patent rights identified during the development of the document will be 'in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an

co

Fo1

expressions related to conformity assessment, as well as information about ISO's adhere

Wa
iso

stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific {

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wwj
foreword.html.
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An;k; feedback or questions on this document should be directed to the user’s national standar

s document was prepared by [SO/TC 188, Small craft.

st of all parts in the ISO 12215 series can,be found on the ISO website.

plete listing of these bodies cag be' found at www.iso.org/members.html.
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Introduction

The reason underlying the preparation of the ISO 12215 series is that scantlings rules and recommended
practices for small craft differ considerably, thus limiting the general worldwide acceptability of craft.
This document has been set towards the minimal requirements of the current practice.

The dimensioning according to this document is regarded as reflecting current practice, provided
the craft is correctly handled in the sense of good seamanship and equipped and operated at a speed
appropriate to the prevailing sea state.

This document is not a design standard and designers/builders are strongly cautioned from attempting
to design ¢raft such that nearly all structural components only just comply.

The conngction between the rig attachment and the structure is required to be strongerthan the|rig
attachment itself. It is therefore considered that unforeseen overload will not entailvits detachmpnt
from the dtructure, and that the watertight integrity will be maintained.

vi © IS0 2020 - All rights reserved
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Small craft — Hull construction and scantlings —

Part 10:
Rig loads and rig attachment in sailing craft

1 [ Scope

Thjs document specifies methods for the determination of:

— | the design loads and design stresses on rig elements; and

— | the loads and scantlings of rig attachments and mast steps/pillars;
on[monohull and multihulls sailing craft.

It 4lso gives, in Annexes, "established practices" for the assessment of.mast steps/pillars or chainplates
NO[TE1  Other engineering methods can be used provided the design loads and design stresses are|used.

Thjs document is applicable to craft with a hull length L;; up*to 24 m but it can also be applied fo craft up
to P4 m load line length.

NO[TE 2  The load line length is defined in the OMI Jliuternational Load Lines Convention 1966/R005" it is
smpller than Ly. This length also sets up, at 24 m, the lower limit of several IMO conventions.

Scantlings derived from this document are primarily intended to apply to recreational craft| including
chgrter vessels.

Thjs document is not applicable to racing craft designed only for professional racing.

Thjs document only considers the Toads exerted when sailing. Any loads that may result ffom other
sithations are not considered in'this document.

Throughout this document, and unless otherwise specified, dimensions are in (m), areas in (mf2), masses
in (kg), forces in (N), moments in (N m), stresses and elastic modulus in N/mm?2 (1 N / mm4 = 1 Mpa).
Unless otherwise stated, the craft is assessed in fully loaded ready for use condition.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of thdir content
comstitutes requirements of this document. For dated references, only the edition cited applies. For
unt[iated references, the latest edition of the referenced document (including any amendmentf) applies.

[SO 12215-5:2019, Small craft — Hull construction and scantlings — Part 5: Design pressures for monohulls,
design stresses, scantlings determination

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved 1
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3.1

design categories

descriptio

n of the sea and wind conditions for which a craft is assessed to be suitable

Note 1 to entry: The design categories are defined in ISO 12217 (all parts).

Note 2 to entry: The definitions of the design categories are in line with the European Recreational Craft Directive

2013/53/E
[SOURCE:

U.
[SO 12215-5:2019, 3.1]

3.2
loaded di

My pc
mass of W

condition
Noteltoe
[SOURCE:

3.3
sailing cr
craft for w

Noteltoe
[SOURCE:

3.4
monohull
craft with

3.5

multihull
craft with
as oppose

3.6

mast step
element fi
of the stry

3.7

mast pillar

pillar
in a deck
structure

splacement

ater displaced by the craft, including all appendages, when in the fully loaded ready-for-

htry: The fully loaded ready-for-use condition is further defined in ISO 8666.
[SO 12215-5:2019, 3.2]

aft
hich the primary means of propulsion is wind power

htry: It is further defined in ISO 8666.
[SO 12215-5:2019, 3.3, modified — Note 2 to entry deleted.]

only one hull

two or more hulls with a connedting wet deck/platform or beams above the loaded waterlj

1 to a tunnel boat or scow

cture

stepped rig, structural element that transmits the mast compression to the rest of

3.8

chainplate

rig attachment
component(s) to which the rig elements are attached, transmitting their load to the rest of the structure,
including tie rods where relevant

EXAMPLE

Metal chainplate, strapped composite chainplate,

Note 1 to entry: See Annex D.

INS

ne,

[ted at the bottom of the mast that supports the mast compression and transmits it to the rjest

the
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3.9
connection
<of mast step, pillar or chainplate to the structure> all elements or group of elements connecting the rig

attachment to the structure of the craft
EXAMPLE Bolts, lamination.
Note 1 to entry: Some of these elements can be part of the chainplate.

3.10
my pc condition

mdximum load condition corresponding to the loaded displacement (3.2)
4 | Symbols
Unless specified otherwise, the symbols, factors and parameters given in Table 4-apply.
Table 1 — Symbols, factors, parameters
$ymbol | Unit | Designation/Meaning of symbol Reference
1 - Main dimensions of the cra%\
Beam between centers of buoyancy: betweencenter of buoyancy of
Bcg m hulls, for catamarans; and between Cj of cehter hull and Cy of float, for | Table 5, Fig 3
trimarans
Bep m Beam between chainplates (from portto starboard) Tablg C.1, Fig 3
By m  |Beam of hull It 1 ¢f Table 5
GZs, m  |Rightinglever at 30° heel for mono6hulls Thble 5
L m  |Length of waterline in m; ps€ondition 7.5, [[able 10
Vee m  |Height of craft center of;gravity above T bottom Table 5, Fig 3
Mipc kg |Loaded displacement-mass (3.2) or condition (3.10) 3.2, (lause 13
Npy 1 Number of persons-hiking It 1 ¢f Table 5
T m Draught of canoe body Table 5, Fig 3
2r®\1n dimensions of the rig and connected data
A; m?  |Sail afea, index i defining the sail name or combination Tabled 5 to 8 etc.
Fy; N  |Aerodynamic force, index i defining which force it corresponds to ables 5to 8
Fpuc N Désign compression force on single mast step/pillar 8.4.JAnnex C
Fpuc: N De51gr.1 fompresswn force on mast step/pillar of two-masted rig where 8.4.[Annex
! indexi=1or2 T
My Nm |Design moment under sail Tabl¢s 5 and 6
My, Nm |Heeling moment, where index i = yp, max. BROACH,DOWN> Tablgs 5 and 6
7 Nm |Righting moment, where index i = yp, yp max Thble 5
Design apparent wind speed, in knots, at the center of area of sails,
Vaceki knots | o1 ere index i stands for sail configuration Sg; TablesSand 7
Design apparent wind speed, in m/s, at the center of area of sails,
Vacem i M/S | where index i stands for sail configuration S; Tables 5 and 7
Vantr s m/s De51gn apparent wind speed at mast top, where index i stands for sail Note 5 in Table 5
(knots) |configuration S¢;
See Table 8 for detailed dimensions of rig, areas, etc.

© IS0 2020 - All rights reserved 3
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Table 1 (continued)

Symbol | Unit | Designation/Meaning of symbol Reference
3 - Factors
kpcr 1 Design category factor for rig It 5 of Table 3
kpsr 1 Dynamic sail and rig factor It 1 of Table 10
kyr 1 Foresail center of pressure height factor It 1of Table 9
kams 1 Mainsail center of pressure height factor It 3 of Table 9
kic 1 Load case factor Tables 3 and 7
Kmat 1 Material factor It 3 of Tahle B
kroach 1 Roach factor Table 8
Ksacr 1 Forestay or inner forestay sag factor = stay sag sagitta/stay length It 3-of Table 10
ksacm 1 Mainsail leech sag factor It 3 of Table 10
kg 1 Factor assessing heel angle of multihulls It 1 of Table p
4 - Other variables ,\(LV
Sci 1 Sail configuration where i is the configuration index Table 7
Sk 1 Safety factor against i, the index i being y (yield) or u (ultimate) Table 4
Op T; N/mm? | Direct or shear stress, where i may be LIM, u, uw, yw, uc, @, uf Table 3
[0) degree |Heel angle, which may be 30° for monohulls or ¢, ;ydormultihulls Table 5
5 Application of the document
5.1 Gereral
This docyment allows the determination of the design loads and design stresses on rig elements
of sailing [small craft and to assess the designsloads on mast step/pillar and chainplates and their
connectioh to the craft's structure:

1) byas

2) by adeveloped method.

These metf

The devel
structure

5.2 The

Clause 14
on each ri

mplified method, or

hods are defined step.by-step in Table 2.

bped method also\allows to determine the rig loads needed to assess the global loads in
of multihulls in{SO 12215-7:2020.

simplified method

requires that the mast/rig manufacturer provide the design load on mast steps/pillars 2

the

nd
on

b element, the dimensions of end fittings, etc. assessed according to 7.1.3. If this informat
1

is not ava

El +1 nge Lifiad +laadl 1 +l L "ot lbickhad 3 "_A A ral
IdUIC, LT uuupuucu ITICTLITUU cllJlJllCD Il Uusu LOSULdUIISIITU lJl dULUICT  AIIIITATS., ALIIICA U

for

"basic" or "enhanced" methods for mast steps/pillars, or Annex D for chainplates or their connections.

5.3 The developed method

This method involves the full determination of the design loads on mast steps/pillars and on each rig
element, the dimensions of end fittings, etc. assessed according to Clause 7. The assessment of the mast
step(s), mast pillar(s), chainplates, and their connections to the craft shall then be checked either by the

© IS0 2020 - All rights reserved
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"Established practice” methods of Annexes C and D or by any relevant engineering method, including
finite elements methods (FEM).

NOTE

5.4 Steps of the methods and corresponding clauses of this document

The actual dimensioning of mast and rig being a complex mast bending and buckling problem, where
the tuning of rig elongation is paramount, mast scantlings are purposely left out of the scope of this document,
even if the values of the loads defined is a useful information.

Table 2 sums up the steps for both methods and gives the corresponding Clauses of this document.

Table 2 — Assessment methods
Step Methods Clause & Table
1- SIMPLIFIED METHOD for mast step/pillar or chainplate . '\\) S5p
.1 |Design stress determination Clause 6 apd Table 3
If no information is available from the mast/rig manufacturer/provider, the
"Established practice" methods of Annex C -"basic" or "enhanced"- allow a-sim-
1.2 |ple determination of the design compression force Fpyyc and scantlings 6f mast Anngx C
steps/pillars and their connections to the structure. Tables C.4 and C5 also give
examples of mast step/pillar floor calculation according to the désign force.
1.3 |For chainplates and their connection, use the "Established pfactice" of Annex D Annex D
4 |Structural components to be assessed - mast step or chainplate Clauke 9
1.5 |Use of the Annexes for the simplified method Clauge 10
1.6 |Application of this document and application sheet Clause 12| Annex A
.7 |Information in the owner's manual Claude 13
1.8 |Information to be given to the boatbuilder ffom rig/mast manufacturer/provider Clauge 14
2- DEVELOPED METHOD for rig load, mast step/pillar or chainplate e
Computation ofall the loads in the rig 7
2.1 |Design stress determination Clause 6 apd Table 3
Developed method - General dssessments, design moment Clausel7 and:
Determination of the design moments/forces according to sail configuration Sg;:
— Formulas for the determination of upwind design moments and forces 7.2 and [lable 5
— Formulas for the-determination of downwind design moments and forces 7.2 and [lable 6
12 |- Sggec(ic)nfigurations, design heeling/righting moments and apparent wind 7.2 and [[able 7
— aRIi)%Sir:t(ie(r)lrslions and default values for dimensions, areas and point of 7.3 and [Table 8
— «Transverse forces on sails 7.5 and [lable 9
Design loads in rigging elements: Clause|8 and:
3.8~|— Forces in forestay, inner forestay, mainsail leech and halyards 8.2 and Table 10
— Forces in backstay or running backstay or equivalent 8.3 and Table 10
2.4 |Structural components to be assessed - mast step or chainplate Clause 9
2.6 |Application of the developed method Clause 11
2.7 |Application of this document and application declaration Clause 12, Annex A
2.8 |Information in the owner's manual Clause 13
29 |Information to the boatbuilder Clause 14

© IS0 2020 - All rights reserved
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6 Simplified and developed methods — Design stresses

6.1 General

The design stresses defined in Table 3 shall be used.

NOTE They are similar to those used in ISO 12215-9:2012, except that the dynamic factor for rig kpgr
increases the loads for light craft and therefore have a "dynamic behavior", see Item 1 of Table 10.

This document differentiates two types of load cases: "Normal" and "Exceptional”, see 7.1, which means
two differppt-design-stresses:

The stresges are obtained by multiplying, where relevant, see Tables 2 and 3, the actual stresses g
Tyct, €tC. by kpgg, and they shall not be greater than the design stresses g, 74, etc.

act’

The “limitf’ stresses o} ;) or Ty are given in Table 3 and correspond to the following stress'states:

— for metals, the one-letter subscripts for the stresses below are: y, for yield, and‘u, for ultimate; the
seconfd character of the two-letter subscripts is w, for welded state within heat affected area (fee
table footnote a in Table 3),

— for FRIP and wood, the second character of the subscripts, u, means ultirhate stress; the first charagter
respeftively is t, for tensile, c, for compressive, and f, for flexural or bearing stress.

The sourcps for the values of these stresses, i.e. g, 0, or 7, for non<welded metals, or o, o for

Oy Or'T
welded metals in heat affected zones, or oy, 0, 05, O, Or 7, forswood and FRP shall be:

uw
— either| the "default” values according to Annexes B or @ or to written data provided by the |rig
manufacturer/provider;

— for other metals than the ones used in rig, according to Annex B for the listed metals, or documented
values for other metals, from a recognized standard, or from tests made according to a recognized
standprd;

— for FRP or wood/plywood, respectively according to Annexes C or F of ISO 12215-5:2019.

Table 3 — Design stress and adjustment factors

AU' 1 - Design stress
0401 |0l =01 % Kpat X ke degers OF Tg = T X Kmat % ke * kpcg at yield, or ultimate, and bearing, as relp-
Tq vant, see 6.1 wherethe-adjustments factors are defined below
AQJ 2 - Limit stress
Limit Material / designation Value
stress
Metatls,yaihwelded or well clear of heat affected zones®b¢ OLiM = {nm (0,;0,5 0,)) or
Tpim = min (7,;0,5 7))
LM OF o . — ormr=—iie 0.5 e or
v |Metals, within heat affected zones, in welded condition?. LIME T Aywre 5 uw’
Ty = Min (7y,,;0,5 7y
Wood or FRP as dictated by sense of applied stress (4o Oy 0ysand t,)¢ as relevant
3 - Stress factor for material ky;
Metals with elongation at break eg 27 % kymat = 0,75
kyar |Metals with elongation at break e <7 % kyar = min (0,062 5 g + 0,312 5;0,75)4
Wood and FRP Kkyar = 0,33

6 © IS0 2020 - All rights reserved
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Table 3 (continued)

4 - Values of load case factor k; ..,*

Type of load:| normal |exceptional
Mast/rig Metal (1,11 (1,33)
Rig Pure fibre (1,30) (1,56)
Mast/rig FRP or wood (1,20) (1,44)
i Step of mast/pillar, chainplate Metal 1,10 1,32
LC Step of mast/pillar, chainplate FRP/Wood 1,05 1,26
Strapped FRP chainplates (UD straps only)f 0,35 0,42
Connection of above to structure  Metal 0,92 1,10
Connection of above to structure ~ FRP/wood (bolts, screws, etc.) 0,88 1,05
Connection of above to structure ~ FRP co-cured or gluedf 0,83 1,00
5 - Values of design category factor for rig kjp n'\v‘)
] Craft of design categories A and B 1,0p
PCR | Craft of design categories C and D 1,2p

a [enerally the heat affected zone is considered within 50 mm from welds,
b For metals, T = 0,58 o often rounded to 0,6 as in EN 1993.

¢ Bearing stress depends on material type and dimensions. Item 4 ¢f Tables D.6 or D.7 gives recommengled values.
(S¢e References [13] and [15]).

d [The formula gives 0,75 for eg =2 7 % (e.g. main building megals and ductile cast iron) and 0,375 for e < 7 % for
latpellar graphite cast iron, with linear interpolation in between.

¢ The design stresses correspond either to "normal” orvexceptional” cases in Table 7, the "exceptiondl" stresses
are 120 % the "normal "stresses i.e. the safety factorls 83 % of normal stresses. The “normal” desigh loads for
mdst step/pillar or chainplates are 120 % of the\ones for mast/rig, and the values of connection of jnast step/
chpinplate to the structure is again 120 % of the mast step/chainplate i.e. 144 % of mast/rig loads. kj|; varies as
the¢ inverse of these ratios (see Table 4 for explanations).

f [The values for the UD of strapped chainplate are low to take into account stress raisers during the UD path
arpund the pin bushing, but this is notnecessary for the co-curing/gluing of the whole chainplate, prpvided the
cofrect glue allowable shear stress is-valid, see D.6.

NQTE The design stresses in Table 3 and safety factors (Sg, or Sg,) in Table 4 and loads for rig and magt elements
ar¢ between brackets, for information only, as they are not covered by this document. The safety factor ft ultimate
is $tated (2,4) for metal rig'but in practice it frequently varies between 2 and 3,5 for monohulls accorfling to the
prictice of the builder/designer and the type of craft racing/cruising. For light multihulls if may go dpwn to 1,5
for the ones that “lifta;hull” as this situation is non-frequent (exceptional) except for sheer sports myltihulls. In
adfition, the rig is.fnequently much stronger than stated to limit rig elongation for mast stability regsons, par-
tidularly for non«mretal rigging system.

NO[TE The' lowering of k. (or increase of safety factor Si) from rig load to mast step/chainplate, then
their cofinection to structure ensures that the mast step/chainplate connection will be strong¢r that the
mapkt-compression/rig tension (i.e. the chainplate shall break after the rig), taking due consideration to the
undertainties of calculation of the connection effective stresses.

6.2 Design load vs safety factor

The applicable limit stresses in the first row of Table 3 are multiplied by several factors like kpcp
design category factor, ky,7, material factor, and k|, load case factor. As many users or regulations
refer to safety factors, S, for comparison purposes Table 4 transforms the requirements of Tables 2
and 3 in terms of safety factors or equivalent. Taking R, and R, as respectively the yield and ultimate
strength of a structural element, and Fy,. as the load in a rig element, it gives in the rows of Metal or
FRP resbpgctively the ratio Ry/Fyyg, or R,/Fg; with, special consideration for metal whether o, > 0,5 o
oro, < 0,50,

y u

For simplicity, Table 4 only calculates in column 7 the safety factor at ultimate Sg;; = 1/(04/0,), and in
column 8 the ratio Sgy/Sgy rig for “normal “load cases, showing the progression of the safety factors
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from mast/rig to connection to the structure. For “exceptional” load cases, the safety factor is multiplied
by 0,833 (i.e. divided by 1,2).

CAUTION — Table 4 shows the values for design categories A and B, with kpcp = 1, for design
categories C and D with kp . = 1,25, the safety factor is multiplied by 1/1,25 = 0,8 i.e. reduced

by 20 %.
Table 4 — Values of the various safety factors computed from Table 3
1 2 3 | 4 5 6 | 7 | 8
0= 0LiM X Kmat X KLc X Kndr/
ou
L . R, rig "
oad case description oum/0? | kmar | Kper | Kic 04/0y /I‘; riQ’(J UELEM
Normal Vggalow) | /Ry dho
Rig or magt load - Metal 0,50 075| 1,0 | 1,11 | 042 1/'&740) (1,00)
Rig or magtload - Pure fibre rig 1,00 0,33 | 1,0 1,30 0,43 I (2,33) 097
Mast load FRP - Mast 1,00 033] 1,0 | 1,20 | 040 | (253) | (1,0%)
Chainplatg/mast step - AISI 316 0,42 0,751 1,0 1,10 0,35 2,87 1,14
Chainplatg/mast step - ALU 5086 H111 0,42 0,751 1,0 1,10 0,34 291 1,2
Chainplatg - FRP 1,00 0,33 | 1,0 1,05 0,35 2,89 1,20
Strapped FRP chainplates (UD straps only) 1,00 0,33 | 1,0 0,35 0.08 8,66 3,6
Connectiop to structure metal 0,42 0,75 |%4,0 0,92 0,29 3,48 1,41
Connectioh to structure FRP/wood - direct 1,00 0,331 1,0 0,88 0,29 3,46 144
stress
Connectioh to structure FRP co-cured /glued 1,00 0,33 | 1,0 0,83 0,27 3,65 1,57
a Examplés of calculation of values in column 2: AISI 316°plate o} ;);/0, = min (220;0,5x520)/520 = 0,5; alumin-
ium 5086 H 111 welded or not oy /0, = min(100;0,5%240)/240 = 0,423 0.
7 Devdloped method — General assessments, design moment
7.1 General
7.1.1 General topics on rigging design
This document defines the)required design loads on rig elements, but not their actual ultimate strength
or strain [(elongation).<This is because shrouds and stays are frequently over dimensioned due| to
stiffness donsideratipns to avoid mast buckling and limit the ‘fall-off’ of the mast to leeward. Thi$ is
particulanly truesfor non-metal rig. In contrary, this document defines design loads for the connection of
the rig elementsito their attachment or foundation (mast or pillar steps and rig attachment chainplates).
The loads| 6rpmultihull rig elements (loads on shroud and stays, mast compression, mainsheet pyill)

defined in this document are also useful to assess the global loads used in [SO 12215-7:2020.

The equilibrium between the various loads on the masts and their rigging (and therefore their
attachments) is of paramount importance. The values considered in this document are the minimal
ones corresponding to this balance, which needs a proper setting of the rig and complete "tuning", see
7.1.3. For these reasons, some professionals take larger safety factors than those in this document, both
on the rig and mast dimensioning, but this extra margin is not considered here.

NOTE

society rules, i.e.; usually larger than those in this document.

Reference [5] has a similar approach to this document on several points, but mainly for sailing
monohulls larger than the scope of this document (Ly > 24 m) and with safety factors in line with Classification

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7dfca408ce1b727aba29d185b6ddcb17

IS0 12215-10:2020(E)

7.1.2 Sail configurations:

Subclause 7.2.7 defines the sail configurations to be checked and the corresponding design forces and
moments (righting or heeling), and for craft where heeling moment governs (case b), the apparent wind
speed Vycgkq (knots) or Vycpymy (m/s) in sail configuration S¢; at sail center of effort (CE). The designer/
manufacturer shall state the principal sail configurations assessed and to be used according to wind
speed and direction (upwind, downwind, etc.). The designer/manufacturer shall either choose them by
experience/tests or use the default proposed values of Table 7. The apparent wind speed values given in
this table are however considered as close to minimal values for multihulls in case b) corresponding to

glo

bal loads from rig experienced on sailing multihulls.

Th

e designer/manufacturer shall include in the owner’s manual (Clause 13):

atable of recommended sail configurations and trimming according to apparent wirnid-spe
sea state, etc.

— for monohulls, it may be a simplified document;

— for multihulls or for stable craft, this table may have a similar format to the one rq
ISO 12217-2:2015, see NOTE 1, with actions to prevent capsize iirgusts mainly in my;
This document, dedicated to strength, only considers the lakgest loads, i.e. in my ¢
but for prevention of capsize, the owner's manual shall alse and mainly consider the
operating condition my;q as it is the condition more prone-to capsize. In that case, th
for the heeling moment My, and the corresponding apparent wind speed V,, at sail
lowered to my, condition.

NOTE1 This document deals with all sail configurations upwind and downwind, ag
in Table 7, and in myp condition. For multihulls/the main purpose of ISO 12217-2:2015 is

to use a "table similar” to its Table F.1. Thé'paragraph above does not require the use of ]
[SO 12217-2:2015, but, for simplicity, the,two tables can be combined into a single table.

NOTE 2  Asthe apparent wind spéed is measured by an anemometer, usually located at m
sometimes lower on a pole, NOTE 4 of Table 5 proposes a classical wind gradient formula
the apparent wind speed at a-height different from sail CE. As this method depends on sea
air turbulence, etc., the choice-of the anemometer apparent wind speed given in the owner’
left to the craft/rig manufacturer.

any other recommendations, such as, where relevant:

— sail configurations to be avoided, with explanations e.g.: mainsail with 3 reefs + ful
genoa alone.instrong winds;

longitudinal staying set, as it may induce dynamic motions that may be dangerous fo
andrig due to pitching, slamming; etc.

bd, course,

quired by
condition.
condition,
minimum
b formulas
[E shall be

explained
to prevent

capsize in minimum operating condition; it only quotes upwind sail configurations, and onlly requires

[able F.1 of

hst top, but
o calculate
roughness,
5 manual is

genoa, or

— notto navigate under engine power against a choppy or steep sea without mainsail aigd without

r the mast

7.1

.3+ Rigging loads and adjustment information to be provided

The design of a mast/rig is the result of a choice of dimensioning its elements and of their correct setting

up. For that purpose, the mast/rig provider shall give:

1) the design load of each of the rig element provided: mast step/pillar, shrouds, stays, etc., the
dimensions of their end fittings, specifying whether this fitting, including its pin, corresponds to the
design load or to a larger load. This information shall be included as per Clause 14. The definition of
these loads shall either be assessed according to this document or from another documented method.

2) the recommended method of setting up/tuning the mast and its rigging through a specific notice

delivered with the spars and rigging for the persons in charge of the mast/rig adjustment. This
notice shall either be included as per Clause 14 (information for mast setup/rig tuning) or in a
specific chapter of the owner’s manual. This notice shall include the minimum and maximum values

of pre-stressing applied to the rigging to guarantee its correct setting.
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The pre-stressing loads shall be given in terms of

— tensile forces to be applied to the standing rigging, and/or,

— shortening of the turnbuckles with respect to the state 0 ("slack of the rig” just transformed into
“just under tension”). This allows an easy pre-setting by any person working on the rig without a
suitable tensiometer. This will constitute a minimum value of pre-stressing to be induced on the
standing rigging, as the deflection of the craft will reduce the stress, particularly on multihulls.
Non-metal shrouds and stays will usually need a much greater length reduction/number of turns of

the turnbuckles as the E modulus is usually smaller.

At the enfl of this initial check, it is recommended that the shortening lengths be included as
Clause 14| or Clause 13 by the agent or dealer delivering the craft to its owner/user to allow
rigging adjustment to be resumed correctly after dismasting (e.g. for maintenance) by any interve
empowergd to do so.

In additiof, the recommended routine periodical check program for survey and or tuning of the rig
determingd by the mast/rig manufacturer/provider shall be given.

NOTE The initial verification of the actual tensions induced by a shortening salue is made at the f

ber
the
her

as

rst

adjustment of a rigging by the mast manufacturer, in particular on any production-built craft and on all craft{for

which the measurement of tension is difficult without a specific device.
7.2 Dedign moment Mp: righting or heeling moment

7.2.1 General

For simpliffication, the calculations and formulas are given:for a single mast configuration, but the sajme

principle ¢f assessing the loads on sails and rig may be used for a multiple mast arrangement.

For a single mast arrangement, the design moment\/, is the smaller of the design righting mom

ent

Mpyp (cas¢ a) and the design heeling moment My (case b). This design heeling or righting moment is

the momept of the couple made by the two equal and parallel forces, the aerodynamic force F,; and
hydrodynpmic force Fy; = F5; multiplied by-their distance hcgr; + hep g ,see Figures 1 to 3.

NOTE These cases have been orderediin‘that way because sailing monohulls are mainly in case a) and
still in gredter number than sailing multihills, usually case b).

the

are

The same flternative applies forthie main mast of a ketch or yawl rig arrangement; whereas for mizzen
mast, it is[obvious that its loadsheed to be assessed according to its respective heeling moment as ¢ne

cannot regsonably require’thie whole righting moment of the craft taken by the mizzen mast alone.

For schooper rig, the‘ecase is more delicate and shall be assessed according to the sails conside

red

set at the[same time)same where there are more than two masts. Subclause 7.2.7.1 defines the $ail

configurations te-be used (as stated by the manufacturer/designer or as proposed in Table 7), th
settings sTall be’included in the owner's manual as per Clause 13.

ESe

Wing masksave an area thatis considered in this document as a non-reefable sail see 74

7.2.2 Principle of design

The design moment My, defined in Table 5 corresponds to the "Design moment"” when the craft sails

upwind in "normal” conditions. It is the lesser of cases a) and b) below:

— Case a), the righting moment when sailing upwind governs: M, = Mp;p. This is the case

for

most monohulls and for "sports” multihulls that may "lift a hull" according to this document: the

craft begins to heel significantly before the full wind force and a corresponding heeling mom

ent

applies. In "normal” load cases (see Item 4 of Table 3 and Table 7), this design righting moment is
the righting moment upwind Mpy;p, whereas in "Exceptional” load cases or other sail configurations,

it can be the maximum righting moment My 4x. (See Tables 6 and 7.)
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— Case b), the heeling moment when sailing upwind governs, My, = Myp i.e. the heeling moment

Creat Ty SnowWir Wit e—1S—tir€T1€SSeY-90 T8It g NTome! "TRUP ©
mdment Myp, one shall calculate both to know which one is the lesser. This is particularly'th

when sailing upwind, produced by the resultant force on the sail plan due to the wind. It

applies to

craft where Mpyp > Myyp: the righting moment upwind is greater than the heeling moment. This is
usually the case for cruising multihulls and for some "form stable" monohulls and/or strongly under
canvassed monohulls. This is also usually the case for mizzen masts on ketches or yawls that are not
designed to support the whole power of the craft but only their share, according to its sail area. In
"normal” load cases (see Item 4 of Table 3 and Table 7), this design moment is the heeling moment
upwind Myyp whereas in "Exceptional” load cases or other sail configurations, it can be Mypown:

Mgroach OF Mpyax- (See Tables 6 and 7.)

canvassed multihulls that “lift a hull” or 'form stable'/under canvassed monohulls.

Table 5 — Formulas for the determination of upwind design moment M; and for

he heeling
1e for well

CesS

My = min (Mypyp; Myyp) Design moment and sail forces

The calculations of this Table shall be made at least in the sail configuration S
or in the sail configuration S¢; of Table 7 inducing the highest moment

o 1 - Case a: Mpyp = Mg gup + Mpcrew <
Righting moment upwind governs — Usually monohulls, see Figure 3

ba
an|

F
wi
m

to

Myyp is the righting moment at heel angle ¢;p in m; . condition, incldding the maximum effect of asy

llasting (water-ballast, canting keel, foils, etc.), with maximumrcrew number positioned at deck ley
d on the centerline of the craft, in (Nm).

For monohulls, the heel angle ¢;p is taken as 30°, and the righting moment at 30° heel is

Myyp = My = 9,81 x Gy39 xmypc + Mg crpw (Nm), see Figlire 3 e), where

Gy30 (m) is the righting lever at 30° heel, and
Mg crew = 75 % 9,81 x npy x cos ¢yp x 0,5 Byyis the additional righting moment from hiking crew,

npy = number of persons hiking at 75.kg/person in the design category. In the absence of a sp¢

category. Other people within crew limit staying on the centerline and at deck level.

multihulls, see Figures 3 f) and g), the heel angle ¢;p = ¢ 1, the angle where the canoe body of 1
dward hull for catamaran ¢rcentral hull for trimarans just "takes off" of the heeled flotation, the
ment is

Myyp = Mpgrim = 9,81 x Gz im * Mype + Mg crgw (Nm), where

GzgpLiv = (0,5 Bi€os ¢y im — Ve sin @ y), where

¢ v may beg-approximated by ¢y = atan (kg x Tc/Bg) with k, = 1,7 for catamarans and
trimaransand

Vicdstheheightofthe center of gravity above the bottom of canoe body T;;, which may be taken cons
atthe height of sheerline at mid Ly;, where not known by a sketch of weight; and

given by the manufacturer, npy shall\bé taken as 60 % of the total crew limit C; declared in the higher design

mmetric
el height

where

cific value
he

righting

k¢ = 4 for

ervatively

A - 3 c 1 c 111
1 IR CREW IS5 45 UCTIICU 101 ITTUITUITUILS.

NOTE1 Mgy v is equal to Mpy,x Where the windward hull or central hull has no buoyant appendage, and close

itin the opposite case.

Design upwind heel angle ¢, righting moment, wind speed and aerodynamic forces in case a)
Unless specifically documented and without using asymmetric ballasting, the default values are

Craft type Monohull Multihull

o $up = Prim = atan (ky x Tc/Bep) with
Pup (degrees) 30 k, = 1,7 for catamarans and 4 for trimarans

Mpgyp (Nm)

+ Mg crew sin ¢y ) + Mpcrew
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Table 5 (continued)

Vacgk apparent wind M M
speed (knots) at Vacek1 = - Vaceka = e
hegriw 0,158 Apy (hepryw + Pog ) 0,190 Ay (hepryy + Porg )
(See NOTE 2) wind speed in knots at 30° heel wind speed in knots at ¢y;p;
Vcem @apparent wind v _\/ MRup v _\/ MR up
speed (m/s) ath ACEM1 — ACEM1 —
b (S(Ee l<I())TE ZC)Ele ] 0’597_ Ary (hCET1WO+ heir ) _ 0,720 “_1T1 (hCEle + heug )
wind speed in m/s at 30° heel wind speed in m/s at ¢ypq

Aerodynamic force - 2
(N) for totlal sail plan | Fasor1 = 0,158 x Ay x Vycpyy® with V (knots) | Fapy = 0,190 x Ap x Vpcggy© with V (knots)

pergf;nd;usl;q Ec])z sail | F, o001 = 0,597 x Ap x Vyepui2 with V (m/s) | Fapq = 0,720 x Ag x Vyepy? with Vi/s)

=

2-Caseb Mpyyp > Myyp = max(My,) withi=1to 5, see Table 7 I

The heeling moment upwind governs — Usually multihulls, see Figur 5

This applies to craft that do not heel significantly i.e. ¢ yp; < 20°N

The input |s the apparent wind speed at height hcprwi, Vacemi (M/S), or Vycgiq (knots), defined in Clause 13
and the reppective heights of center of sail area h¢prqy and center of hydrodynamicTesistance h; i defined
in Table 8 pnd Figures 1 and 2. The forces perpendicular to each sail can be derjved according to its area. The
corresponfing rig loads can then be derived from Clause 8.

Total sail area (mainsail + feresail + wing mast) in

o= Ay . 2
Ari = A +Ap + Aw m sail configuration S, see Table 7
Far1p = 0,720 x Apy % Vycpmi® N Equal aerodynamic fotces at C; sails and hydrodynamic force ak
Farqp = 0,1P0 x Apy x Vycpr? C;r with wind speedVcpmq in (m/s) or Vycgky in (knots)
Myypy = Farp % (hegriw + herr) Nm |Heeling momeiit
+ Mcrew
Dy = Py iv K My1/Mpupt Degree |Heel angle
where

3- Dimetﬁ&é‘in both cases a) and b)

replace 1 by i forother sail configurations than S¢;.

are respectively the full mainsail, full upwind foresail, wing mast and tota

Ay App, Ay and Ay (m?2 : o . ;
M1 TFL WM, w1 (M) sail @rea in sail configuration S¢;;

N

is‘the apparent wind speed for S;; defined below and in 7.1.2 and/or Table
for sail configuration S¢; see Figure 3;

VMSAl (m/$) or VKNAl (knots)

is the height of the application point of the total sail force above W, calcu-
hegrwr (M lated at the height of the center of surface of all sails in sail configuration S},
plus wing mast, where relevant (see Figures 1 or 2) ;

T
=

is the height of the center of underwater lateral resistance force below W,

heyg (m) taken at mid-draft unless otherwise documented.
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Table 5 (continued)

NOTE 2 Forindexi=2to 5, Table 7 considers the same heeling momentas in sail configuration S¢q: Myj; = Myq = My,
which means, for S, to S¢5 a greater force Fip;, (but lower center of effort), a greater wind speed and a greater
load on the sails and the low working rig elements.

NOTE 3 For an upright craft the wind force is Fy = Cy x 1/2 x p x A x V2 (N) where Cy = 1,2 is the side force
coefficient (close to lift coefficient), p = 1,2 kg/m? is the density of air at 20 °C, A is the sail area in (m?), and Vg
is the wind speed in (m/s), hence F, = 0,720 x A x Vy¢2 (N) and if the wind speed is in knots the coefficient is
0,720 x (1 852/3 600)2 = 0,190 and F, = 0,190 x A x Vg2 (N). The side for coefficient is taken conservatively at
1,2 for all sails: foresails, mainsails and spinnakers, whereas Reference [5] uses lower and different values for

each type of sails.
Fof a craft heeled at ¢ degrees, the horizontal force is F, = 0,720 x (cos ®)13 x A x V52 (N) andfpr ¢ = 30°
Fpbo°=0,597 x A x Vy¢? (N) for wind speed in (m/s) and F,3,°= 0,158 x A x V.\? (N) for wind speedin (§nots). The

he , effective

an,

N(
by]
is
Py
N(
Vi
In
be

CAUTION — The wind speed V,, is the design apparent wind speed, i.e. the actual apparent wjind speed
when the sail plan begins to be reduced. This wind speed.is the one exerted at sail CE, which |s smaller
th}n the speed measured with an anemometer at mast'top (see NOTE 5). Wind gusts can muftiply this
wind speed by 1,4 and therefore double the wind foreé-

eled coefficient (cos 30°)1.3, with a power of 1,3, accounts for experimental aspects (velocity gradie
ble theory, etc., see Reference [17], and is used in ISO 12217-2:2015.)

TE 4 The wind heeling moment My; ¢ypq = 0,720 x (cos ¢ypy) 13 x Apq x Viys? * (hepfvt + herr) is
(cos ¢yp1)L3, which corresponds to a reduction of lift with heel. To simplify andbe conservative
heglected for multihulls for force and heeling moment because (cos ¢yp,)13 is,0,92for ¢yp, = 20°a
P1 =10°.

TE 5 The formula generally agreed for wind speed gradient is Vp,/Vp4‘=In(h,/Z;)/In(h,/Z;) whe
| are the real wind speed at heights h, and hy, and where z is the ground rugosity (taken 0,000 2 fg
is the “natural” logarithm (Napierian).This formula may be used to deérive the variation of true W
tween CE of sails and anemometer position, or, with a small erroryfor the variation of apparent wiy

multiplied
the cosine
hd 0,98 for

re Vi, and
r sea), and
rind speed
d speed.

7.2
MH

.3 Topics on multihulls/form stable sailing craft corresponding to case b) i.e. with
1< Mrup1

rase b), the heeling moment is lower-than the righting moment, sometimes down to My, <
rticularly for large yachts. This means that the mast and rig can be damaged or break un

0,5 Mg yp1
Her severe

In
pa

gu
lim
reg

5ts where the craft is over-canvassed. Devices limiting the heeling moment e.g. "fuse”
iting loads in the mainsail.sheet, overload alarm on sheets/shrouds, electric winches, of
ommended for that purpése.

W

en the wind - real @hd apparent - increases, the sail setting (sail reduction by reefi

br devices
rams are

g/rolling,

ced. This
reduction
e 7). Some
, and they
values are

indidence of the sails.against apparent wind, pull on the sheets) is adjusted and/or reefed/re
dogument consider'sthat the sail area/setting, and sheet trimming, are adjusted for each sail
to reach My, theheeling moment at which the sail area is first reduced upwind (S¢; in Tabl|
degigners comsider that the design heeling moment increases when the sail area is reduced
mdy use theiy own values. For dimensions, areas, etc. Table 8 shall be used unless specific
avgilable.and documented.

CAUTION — When using different values than in Table 7, it is the responsibility of th¢ builder/
designer to define the apparent wind speed for these Ilimits, whether leading to a heeling
moment greater or smaller than the default proposed value (see 7.1.2), according to the way the
craft is designed to be used, and to give in the owner's manual information about the sails to be
set and how they should be trimmed, see Clause 13.

NOTE To simplify the calculations, the formulas of this document do not take into account the windage
of hull, rig and superstructure, unlike in the method proposed in Annex G of ISO 12217-2:2015. This stability
standard requires to supply information concerning maximum apparent wind speed to be given in the owner's
manual according either to tests or to calculations, both in minimum operating my;, condition and, voluntarily, in
maximum load condition m; .. The apparent wind speeds used in this document have the same purpose as the
ones given in ISO 12217-2:2015, but are mainly connected to mast/rig strength issues in m; . condition, so the
results may differ.
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7.2.4 Downwind longitudinal force F,},,,yy and nose trimming moment My;,, running under
spinnaker alone — "Normal" (S ;) or "exceptional” (S.g)

The longitudinal force F,pgywy and corresponding nose-trimming moment Mypgyy, exerted when
running downwind under spinnaker alone at mast top or hounds, are defined in Table 6, the worst case
being retained. The apparent wind speed V), is defined in Table 7. This force needs not be taken greater
than the force corresponding to a nose trim angle of 10°.

7.2.5 Maximum righting moment Mp,,,y, exceptional case, reaching under spinnaker

MRMAX.’ wir . R¢LIM : : . :
condition [calculated from the stability curve or measured. This case is exceptional as it only happ
in some sqvere gust conditions in upwind sailing, or under lateral broaching under spinnaker.-Dyha
and fatigule loadings are not considered to be relevant in this load case.

]

7.2.6 Hgeling force F,gpoacy and heeling moment Myppoacy While broaching undéer'spinnaker
exceptioral case

Fagroacu #nd Mygroacys defined in Table 6, are respectively the transverse foxce and correspondfng
heeling mpment induced by the rig in S to consider the rather rare cas¢-where the craft broaches
under spinaker, i.e. the craft gets out of balance and is heeled significantly, As for the upwind momgnt,
it shall be compared to My % the smaller value being retained.

Table 6 — Formulas for downwind design moments and forces

1 - Downwind longitudinal force and trimm,ip}\ﬂloment (see Table 7)

Fapown = 0,720 x Ag x Vysae? (N) = 0,190 x Ag x Vienag? (N) is thie longitudinal force exerted under spinnaker,
in sail configuration S.4 with the corresponding apparent wind speed expressed respectively in (m/s) or
(knots), and

Mypown =Fapown * Pcerew (Nm) is the design heelingmoment for "Normal" sail configuration Sg.

Ag and hglew being respectively the sail area andheight of sails center of effort above W in sail configurati¢n
S.e» see Taple 7 and Figures 1 and 2.

2 - Heeling force and monlethile broaching under spinnaker (see Table 7)

Fagroach 90,720 x Ag x Viygag? (N) = 0,198 Ag x Vyyao? (N)transverse force exerted when broaching under spin-
naker in sgil configuration S.q with the'corresponding apparent wind speed expressed in (m/s) or (knots), and

Mygroach F Faproach X (Ncerow +1c1s) (Nm) is the heeling moment for "Exceptional” sail configuration S,.

NOTE In Mypown, the lever of the sail force is considered above W and not C, y, as it is considered that the
appendaggs do not play a significant partin this load case.

7.2.7 Mjnimum sail configuration and righting/heeling moment to be analyzed

7.2.7.1 [General

The mai[l I C}Ulelt Ddil LUllfigul dtiUllb Wlt}l LUIIL prUlldills dCbigll IICClillg/l lg‘lltlllg lllUlllClltb d nd
corresponding wind speed shall be analyzed. See 7.1.2 for more information.

7.2.7.2 Default proposed values

Table 7 proposes default values for sail configurations to be analyzed and the corresponding wind
speed. This table is applicable to craft whether Myyp or Myp govern. For Normal/Exceptional sail
configurations, the factor k; . shall correspond to the relevant value of Table 3.
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Table 7 — Sail configurations and corresponding design heeling moment in m . condition

Sc

Sail configuration

Design
heeling/
righting
moment

(Nm)

sails Vycgk; Or Vycpmi©

(knots) or (m/s)

Default apparent wind speed value at CE of

1 - Sail configuration for "normal” values of k;

¢ of Table 3., according to load case

NOTE
formative as Mp(;p; governs

In case a, the apparent wind speed is in-

Casea u
_ RUP1
1| |Full mainsail + full foresail Mp1 = Mgyps V., cEkia =\/ . (knots)
(Genoa or Solent as relevant) 0,158 4, ( ceriw Motk )
Vacemia = 0,514 Vacgkia (M/S)
Caseb Vacekap = 22 + 1,9Ly,, »> (shots)
Mp1 = Myupt | Vycgmip = 0,514 Vaggicily (m/s)
2 Full mainsail + solent jib i.e. 100 % fore
triangle
Mainsail 1 reef (default 83 % P) + so- Casea
3 |lentjib or 100 % fore triangle whichev- | Mp; > Mpyp; |V, calcutated to induce at least Mpypf
eris lower Caseb Vapecalculated to induce atleast Myyp;
4 Mainsail fully reefed to 50 % P2 + fore- | Mp; > Myypy
sail reduced to 25 % of fore triangleP
§ [Mainsail fully reefed to 50 % P2 alone
General running case with spinnaker
at mast top or hounds where relevant, Vacekeb = 25 = 1,7Ly, 5 (knots)
g |plus full mainsail. Worst case chosen. It Mipown
also includes the case where there is no Vacem b = 0,514 Vg 6b (M/S)
fixed/running backstay
7 Any otht_er_ rel_evant sail configuration, According to According to case
for specific rig type case
2 - Sail configuration for .'}é;(ceptional" values of k| ¢ in Table 3 according to load case
Same as S, gybing before-tighten- Vacekgb = 25 = 1,7 Ly, %5 (knots)
§ |ing running backstay or removable Mypown
backstay Vacem gb = 0,514 Vpcgg gp, (/)
Broaching under, fulf mainsail + spinna- . v =18 + 1.7 L. 0.5 (knots
9 |ker (head or mdst'top, where relevant) Ml\:ln (MRMA)X’ ACEK 9D . ( )
at 90° from apparent wind HBROACH Vacem b = 0,514 Vinsagp (/)
1 ?ny othgr_ rel_evant sail configuration, According to According to case
or specific rig type case
a Mainsailreduced to 50 % means luff 0,707 P (and tack close to 0,707 E according to sail shape).
b Fatesail reduced to 25 % of fore triangle depends from the type of reefing (furling /slab) or setting a §maller jib.

¢ See NOTE 5 in Table 5 for corresponding apparent wind speed at anemometer height.

CAUTION — The wind speed V, is the design apparent wind speed. The true wind speed when the sail plan begins
to be reduced is smaller when sailing upwind (see CAUTION at the bottom of Table 5).

7.3 Rigdimensions, and default values for areas, forces and points of application

Table 8, Figure 1 (monohulls) and Figure 2 (multihulls) give the rig dimensions and default values for

areas, forces and points of application of most frequent rig arrangements. These "default" values shall
be used unless specific documented values are available. For other rig configurations, the same logic
shall be applied to calculate areas and their center of area.

© IS0 2020 - All rights reserved
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Table 8 — Rig dimensions and default values for areas, and points of application

Name Definition? Default value
A1 |03 for solentand 13 to 15 forgenon | A =085 Lyx x (P eps
Ap, |Area of solent or 100 % foretriangle whichever is smaller Apy =0,5Ix] or A gojent
Ay |Area of mainsail in S ; with P; = P for full mainsail Ay = 0,5 Py x E; x kpoach
Agpy |Area of symmetric spinnaker 1 (hounds) Agp1 =1,56 Igpy x ]
Agp, |Area of symmetric spinnaker 2 (mast top) Agprp = 1,56 Igp, x ]
Awm |Area of wing mast, where Wy, is the wing mast mean chord Awm = (P+Bag)*Wm
Apq  |Total area in sail configuration S Api = Ay + A + Awm
B,s |Hleight of boom above Hy, Bys
E Ilength of mainsail luff along the boom E
E, |Horizontal distance of the mainsheet pull aft of front of E E}
Fp=0,720x A x V% (N)
Fy;  |Aerodynamic force in sail configuration S wherIZAV:M(S)‘;r?c(l) ;1511\1 )i(s]?}({\g:a(pl\garent
windspeed in (m/s) and (knots)
hcgmi | Hleight of center of mainsail area above W in S¢; configuration fpemi = Py % kym + Hgp + Bag
W }height of center of foresail area above W (see Table 7, for W —keoxI+H
CEFi | j Y in Sg; CEFi = KHF BI

hegri = (Api % hegpi + Ami % hepmi H

Neps eight of center of total sail plan above W, in S; configuration
e lll 8 P b ¢ & Awwm * hepwm) /Ari

heEwMm }lieight of center of wing mast above W in S¢; configuration hegwm = kgwm % (P + Byg)
h efault height of center of lateral resistance belowW, unless he =05T
CLR | gtherwise documented CLR ™ =
H eight of hull/deck connection above W, at front of mast sec- H
BI ion in my - condition BI
LDC
I eight above Hg; of hounds (intersectiotrbetween mast and I
restay)
Ispq Illeight above Hg; of spinnaker hoist at hounds Ispg 1
Ispy I|Ieight above Hg; of spinnaker Hoist at top of fractional mast P+ Byg
J Ilongitudinal distance between mast front and intersection ]
Between main forestay-and deck
kpsg  |Pynamic load factérysee Table 10, for definition kpgg = max (3,086 x Ly 2/mypc20011)
kywm |Ratio between’h.of center of area of wing masts/total height kywm = [Mepwm/ (P + Bag)] = 0,5
Ratio between projected mainsail area and 0,5 x P x E,
kroacu |Yaries betwéen 1 for triangular mainsail up to 1,5 + for kroacy =An/(0,5 x Px E)
poderp-gaff rig.
Loy }liorizontal aft foot of shroud Lasy
Lgs Horizontal aft oot of backstay aft of front of mast at Hg; level Lgs
L Horizontal aft foot of running backstay at Hg, level aft of L
RBS | front of mast RBS
L Distance of sheeting point of foresail perpendicular to L
P Iforestay P
P Height of top of mainsail above boom (P, for full mainsail) P
Pi Height of top of mainsail above boom in sail configuration Sci Pi
ags |Aftangle of backstay connected to mast at top of I level aps = [Lgs/(P + Bpg)]
agrg | Aftangle of running backstay connected to mast at top of I level agps = [Lrps/(P + Bps)]
aps |Angle of forestay against vertical ags = [J/(1 + Hg;)]

2 Index I means sail configuration S,
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b) Fractionalrig, with aft angled spreaders, fixed and running backstays

All values|defined in Table& 8.

Eigure 1 — Typical longitudinal rig (stays) arrangements for monohulls
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Figure 2 -— Typical longitudinal rig (stays) arrangements for multihulls
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e) Heeled monohull
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Figure 3 — Typical transversal rig (shrouds) arrangements

7.4 Wing masts

Unless fitted with areas reduction devices, wing masts shall be considered with a constant area added
to mainsail and foresail in all sail configurations. Unless otherwise documented, its center of effort is at
its mid height.
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7.5 Resultant forces in sails

The resultant of aerodynamic forces on sails is located slightly higher than the center of area of the
sail shown in Figures 1 to 2. Table 9 gives default values to be used, but these data are "basic" and
conservative, and specific documented values may be used.

NOTE Software analyzing stresses in sails, based on fluid dynamics: aerodynamic/mechanical behavior of
sails materials, etc. are being developed at the date of publication of this document, and the trimming of sails
has a great influence on the results. This lack of "universally recognized" data is particularly true for mainsails
transverse loads, where the traditional triangular with small roach pattern is being more and more replaced by
big roach or modern gaffed mainsails. The default values proposed in Table 9 are still pending a wider validation,
and docunlented values may also be used. Same for the default proposed distribution of transverse loads-fijom
mainsail off the mast, according to roach factor kgg,cy and from foresails to hull and rig are given in Tabl€)9:

Table 9 — Default transverse forces on the sails

1 - Vertical position of the center of effort in foresails N y\(’.)'
UpWind & reaching foresails kyp = hegri/l; = 0,39 where [ is the actual hoistrheight
Spinnakers kyspr = hegspi/Ispri = 0,45 for asymmetric spinnaker and 0,59 for

symmetric spinnaker

2 - Distribution of forces in foresails & N7

Upwind or reaching foresails and

. . Symmetric spinnaker
asymmetric spinnakers

Propgortion of transverse force

Head 0,43 0,40
Tack 0,29 0,30
Clew 0,29 0,30

3 - Vertical position of the centeg‘g’f\@ffort in the mainsail

Ratio between h of center of effort CE of
mainsail apd P; with kyy; = hcpwi/P;

kym = 0,17 x kpoacy + 0,19

kroacs 1,0 1,1 1,2 1,3 1,4 1,5
Ko 0,36 0,38 0,39 0,41 0,43 0,45
4- DistributiAon of forces from mainsail to the mast

Pre-compuited values of kg for kpoach

Where thegmainsail is connected to the thast/structure by only 3 points, like in trysails or luff furling mainsaljls,
the same distribution as an upwind foresail shall be used.

Where thg mainsail is connectedto,the mast by cars or rope luff, the distribution of the forces from mainsail to
the mast ig, as explained in 7.5, et fully validated and research is still ongoing. Documented values may be us¢d.

To determ|ne the loads on transverse rig by one of the calculation methods explained in Clause 11, the knowledge
of the trainsverse load atalVnodes of the mast/rig is needed. The sum of the forces from the mainsail shall[be
equal to the aerodynamictransverse force and, same where possible, for moments about tack. This method shall
be applied} from full mainsail to a reefed down to 0,5 P, as required in Table 7. As the rig configuration may|be
mast top dr fractional, this entails many load distributions, in addition to the large variation of roach. Annek E
shows an ¢xaniple of such a calculation.
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5 - Possible transverse mainsail load distribution factor?2

Main headboard 0,3 to 0,7 Fy; transverse on mainsail distributed along the top 25 % of the tack

Rest of F); linearly distributed as follows:
Regular load variation between headboard and tack; based on:

Spreader levels — either mainsail chord at each spreader level or

— mainsail transverse force according to aerodynamic forces.

C A n{-‘l-'nu ac-=tdrancuarcen foron of oot caal ok ' o csmantc nand oo o
OOt FEe5

oSy CT SCToTr e ST oot T o res eee ot ot

respected

Tack 0 times Fy transverse main

Clewb 0,25 F); transverse main but not considered in this document

a K]l values to be changed if other documented values are available.

b Not applied on mast, but the total to be 100 % of mainsail transverse force Fy;.

NQTE This distribution is used to ensure conservative loads values on the rig.

8 | Loads in rigging elements — Developed method

8.1 General

The loads in stays, shrouds, and all rigging elements, exceptdfor masts, shall be assessed by ny
thg forces determined in Tables 5 and 6 by kpsg where*> 1. The main core of this docun
ex¢lusively with the loads developed/exerted whilesthe craft is sailing, and does not co
possible external loads that may arise when a rigi€lement is caught by an exterior element
crdft, quay, etc.

NO[TE As the safety factor is kept minimal, the loads on the rig, and therefore on the structure, né
clofe as practical to the observed maximal. Therefore, the loads are multiplied by a dynamic factor k
the one used in ISO 12215-7:2020 which is\¢éennected to the length displacement ratio of the craft. L
haye been reported to be subject to greater'dynamic effects due both to wind gusts and to waves.

8.2 Force in forestay, inner forestay, mainsail leech and on halyards

8.2.1 General

The load on forestay, and to a lower extent, on inner forestay, shall be assessed using the twa
complementary methods, the greater load value of these two methods shall be used, includ
determination ©f mast compression due to longitudinal staying:

ultiplying
hent deals
nsider the
e.g. other

ed to be as
hsr close to
ghter craft

following
ng for the

a) | assessing the load connected with expected headstay sag factor ksagp defined in item 3 o

towards the greatest Values of kSAG (0 02 for monohullsand 0, 03 for multlhulls bemg frequently

used); and,

b) checking the load in stays needed to balance the longitudinal component forces developed by aft
set shrouds, running backstays, mainsail leech/sheet, etc. using items 4 and 5 of Table 10.

NOTE1  Multihulls, particularly catamarans, usually have higher kg,cp values than monohulls, due to

difficulties to achieve a stiff platform, and because they do not need to point as hard.
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NOTE 2  The scantlings of forestay and, to a lesser extent, inner forestay are, in craft building and mast
manufacturing practice, frequently determined by practical reasons (wear, chafe, whiplash, etc.) rather than
required by this document. As quoted in References [5] to [8], the forestay is often chosen "with the same
diameter as the largest standing rigging wire element in the craft", even if it leads to overbuilding. This could also
lead to overbuilding the chainplate and its connection, even if this is not required by this document, therefore
Clause 14 requires the design loads to be given by the rig manufacturer.

8.2.2 Force in forestay, inner forestay, mainsail leech and on halyards connected with sag

As for any wire subject to a distributed pressure, the tensile force in the forestay Fgg is proportional to
its transversal force F'”l in sail (‘nnfignr:xrirm ?Ll and to its sag See [tems 1 and 2 of Table 10

For the fqrestay, the factor kg,qp is the relative forestay lateral sag (i.e. the lateral deflection-diyided
by forestdy length) which shall either be taken from the default values of Table 10 or derived frpm
experiencg from manufacturer’s experience for the type and size of craft.

For maingail leech, the same logic applies as its leech tensile force depends on kg its sag facfor,
defined thle last column of item 2 of Table 10. A sail with a large roach needs a large J¢éch and mainsheet
tension tojmaintain its shape.

For the nmainsail sheet, the force depends from the position of the mainskeget Eg aft of mast divided
(see Figure 1) by the mainsail foot E, including with reefed or rolled mainkWhere Eg/E < 1, the vertjcal
componerft of its reaction at tack, if fitted, shall be added to the mast compression.

For the njainsail halyard, the force is the same as the vertical ¢component of the leech tension. The
halyard mjay add compression in the mast, according to its configuration: single or purchased masth¢ad
blocked, Hooked, etc. According to the way the halyard is connected to the structure, it can also 3dd

some compression in the mast step/pillar.

For the jib halyard, the force on the mast depends on the way the sail is connected to it (it is doubled,
due to the[block forces where the foresail is not connegted to the mast by a hook). Similar considerati¢gns
as for majnsail halyard. This document considers, the foresail halyard tensile force is <25 % of the
tension inlits stay.

8.2.3 Fqgrce in forestay to balance the loengitudinal component of forces from aft set shrouds,
fixed /running backstays, mainsail leech

This method balances the momentsdround the mast bottom from the longitudinal components of the
forestay oh one side and the aft'shrouds, mainsail leech and, where relevant, fixed and running backsfay
on the other. This method is-an alternative solution to the kg,; method, and allows determining the
tensile force in the forestdyphence its sag, from the tensile force in the mainsail sheet and in the fixed
and/or rupning backstays/See item 4 of Table 10.

8.3 Forfe in backstay, running backstays, or equivalent

8.3.1 General

Apart from the "exceptional” sail configuration S.g, or "normal "sail configuration S¢,, the mast of
monohulls is generally held aft by fixed and/or running backstays. The purposes of these backstays
are mainly:

— upwind, to stabilize the mastlongitudinally and contribute to achieve the forestay sag defined above,
the other contribution being the mainsail via its sheet, or aft set top V/D shrouds, see Figure 1;

— downwind, to mainly contribute to prevent the mast from falling forward under mainsail and
spinnaker force Fpowy-
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The fixed and/or running backstay shall therefore be checked against its load for the two above uses,

i.e.; respectively

Fpgq or Fgg, for fixed backstay, the greater value being retained, or

Frpsy or Frpsq for running backstays, the greater value being retained.

Table 7 summarizes the more common arrangements, see Figure 1, and Table 8 for the dimensions and
variables. As Fygyyy and Fpq correspond to "normal” load cases, the value of k; - in Table 3 shall be taken
accordingly to assess the strength of the chainplate or its foundation. Where truss analysis methods are
used, the proper values of the loads in the backstays corresponding to the relevant sail configuration

ma

8.3
On

NO
ang
the

8.3

On
rel
pa
lee
tha

Th
fix
fou
to

y be used instead of the values of item 5 of Table 10.

.2 Fractional rig with fixed backstay, no running backstay and aft angled spreaders
fractional rigs with fixed backstay and no running backstay and aft angled spreaders:

Upwind, the forestay balance is mainly achieved by aft set V//D shroudssee Figure 1 b). ]
force in these shrouds is, in addition to the one coming from their ‘action as transver
elements, the one coming from their action as longitudinal staying €lements. The contrib
fixed backstay to forestay balance depends on the ratio I/(P + Byg)and on the mast stiff
I. The contribution of the mainsail sheet to the headstay balance may be applied.

Full downwind, the force and moments Fp,qyyy and Mypqiyiyunder spinnaker and mainsg
shared between aft set top shroud V and fixed backstay<For mast top spinnakers, it depe
ratio Isp,/(P + B,g) and whether the mast and its rig\(e.g. jumper struts) can support th
moment and compression taken by the fixed backstay.

TE
le of the top shroud. Seen on a longitudinal plan,the angle is generally at least 5° to ensure a correg
forestay.

.3 Case of rigs without fixed nor'‘running backstay

fractional rigs without fixed hor running backstay and aft angled spreaders and sh
evant loads of Table 6 andtTable 7 shall be supported according to the sail configur
‘ticularly when running under spinnaker. In all sail configurations, the contribution of th
ch or sheet tension to stipport the headstay load shall not be considered. This configurat
t the forestay sag is usually higher in the range of item 3 of Table 10.

s configurationds,the most common on cruising catamarans, as there is generally no po
bd backstay, bt with large aft angle and foot of shrouds. For monohulls, this configuratioy
nd on craftléss than 10 m and design category B and C, as it is difficult to have enough aft
support efficiently the mast (see Table 8 and Figures 1 and 2):

Upwind, the forestay balance is mainly achieved by aft set V/D shrouds (see Figure 1 b). 1
force in these shrouds is, in addition to the one coming from their action as transver

he tensile
Se rigging

111tion of the

ess above

il are also
hds on the
e bending

The sweptback angle of spreaders in the horizontal plane is usually at least 18° in order to have the aft

t tension of

rouds, the
htion, and
b mainsail
on entails

sibility of
is mainly
foot, Lasy

he tensile
se rigging

efements;theone conTing fromtheiractionr=as luugitudiua‘l staying elements—Thecont
the mainsail sheet to the headstay balance may be applied.

ibution of

Full downwind, the force and moment Fqy and My;powy under spinnaker defined in Table 6 are
considered as only supported by the two aft set shrouds working together, i.e. no contribution from

mainsail sheet/leech.

Reaching and broaching, the force and moment Fgpoacy and Mygroacy Under spinnaker defined
in Table 6 are considered to be unequally shared by the port and starboard shrouds. Long term
experience is lacking, but a proportion of 60 % taken by the windward shroud, 30 % taken by the

leeward shroud, and 10 % by the mainsail leech/sheet may be considered.
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Table 10 — Factors and forces on the forestay and backstays

1 - Dynamic sail and rig load factor kps;
kpsg = max (3,086 x Ly 2/my p:%0%;1)

This factor considers dynamic overloading of some rig elements when a "light displacement” craft moves in the
seaway, the lighter the craft for its size the greater is its dynamic behavior, see calculation examples below.

Kpsg %rVer)L 6 8 10 12 14 16 18 20 22 24

1,00 1258 3007 5913 10274 16392 24567 35105 48309 64485 83940

150 | s
2,00 440 1052 2069 3595 5735 8 595 12282 16901 22561 29367

v

a oo Q. 490 9304 40000 PRaY-]

Qo 4 Lo PaNPoWPoN P2 a4 00 PR
OO0V 1047 o 177 J JJ0 [elele]e) 10 471 10 774 40 100 29 000 T0 T 1

2 - Design force in the forestay or mainsail leech q/

Design fgrce in the forestay for sail configuration S¢4 Design force in malnsall;eech for sail canfiguratio
c1

i lues of kgxgp in item 3 h
DSR see values of kg in item F o —k. ML

8Xkgacr ML1 = "DSR g, 1
SAGM

where Fy, is the transverse force on mainsail in S¢;
3 - Values of kg, factors &\\O

1=}

see values of kg, in item B

where Ff4 is the transverse force on fore sail in S

ksagr on forestay? kgpgir On inner forestay with
Monohull Trimaran Catamaran sails on

0,007 to 0{04 | 0,01 to 0,04 | 0,015 to 0,04 ksacy = Min (0,012 5 kpopcy +
Ksacir = 2 % Kspr 0,062 5)

ksagm On mainsail leech

Default value for cruising craft 0,02
4 - Force on forestay to balance the longigg@hal component of forces

. P . .
Fyypq Xsin atanE X(P+B,g ) |+( FoapgSinagpe X1 )+ Fyg Xsinotgg X(P+B,s ) |

F =
FS2 )
IFS Xsino

The formufa shows the balance of the longitudinal component of the mainsheet leech, fixed and running bacKk
stay by thg forestay as in Figure 1 b) and should be adapted to other sail configurations.

5 - Design forcgs’q?l',/backstay and/or running backstay

arralfég ent Function Fixed backstay (BS) Running backstay (RBS)
Forestay balange, par- sina Where there is no fixed backsta
ticularly'when Fag1 =Fpy — ES depends of height of running badk-
) sailingyupwind SIndpg stay/I
Masthead rig - ; .
Supportof downwind F h Where there is no fixed backstal,/
foree spinnaker + Fygo = _DOWN x —CETWe depends of height of running badk-
mainsail SN Opgg I stay/I
The bending stress on mast )
at top of forestay level in- _ SIN Qg
Forestay balance duced by Feps1 =Fpq T
Fractional rig backstay < g4 RS
Downwind force Fo= Fyown % hegrwe b, d F _ Foown % hegrwe c
innaker + mainsail BS2 ~ _. RBBS2 — _;
spinnaker + mainsai sin ot hgs sinofgg  hggs

NOTE 1 On fractional rig where I/(P + B,g) > 0,8, the mast may be only held by the (adjustable) fixed backstay,
often with contribution of aft set shrouds and eventual extra running backstay to help tightening the forestay.
On fractional rig where I/(P + B,g) < 0,8, the mast is mainly held by running backstays plus an additional ad-
justable fixed backstay, which shall be tightened so that the bending stress induced at the topmast foot < 0.
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Table 10 (continued)

Fp;and Fy; are respectively the forces of foresail and mainsail in sail configuration S¢;;

hcgtwe 1S the height of total center of effort Cr of rig forces Fpgywy1 and Fpowy, above Wy for sail configuration
Sc¢ with either spinnaker Sp,; at of top of Ispy, or Spy, atgpy; i.e. top of mast;

hgs, and hppg are respectively the height of top of fixed backstay and running backstays above W;

Qg (gs, and aggp, are respectively the angles forestay, fixed backstay and running backstays with the vertical.

3 The smaller kg, values correspond to racing/sports craft with tightening devices, the upper value corresponds
to cruising craft. Documented values may be used. The factor 8 in the formula of forestay tension is the ratio
be

b

(e.p

C

L i ot H Ll
FVWCTTIT Sag dITa TCITSTICTUT LT T a CauTey

‘ractional rig with a masthead spinnaker I5p, with Fpgyy2 and hcgrye. This supposes that the fiastand its rig

b, jumper struts) can support the longitudinal or lateral bending moment and compression,
Fractional rig with a top of spinnaker at hounds Igp; with Fpoyyy, and Acgrwe.
d

co
su
tal

NQ
wi
oV

[he load is
struts) can
the load is

Fractional rig with a top of Ip; of spinnaker with Fpgyy; and hegrywe and no runifing backstay.
hsidered only supported by the fixed backstay. This considers that the mast and its rig (e.g. jumper
bport the longitudinal or lateral bending moment and compression. In practice a significant part of]
ken by aft set spreaders and rig.

on a craft
ons induce

TE 2 The value of kg is connected to the fact that when running on@-sdilboat in rough sea o
th a "dynamic behavior" the longitudinal accelerations induce overloads in forestays and decelerati
brloads in aft stays, the mast compression being unchanged.

8.4 Compression in the mast step/pillar

8.4.1 General

Th

pel
Th

b design of mast and rigging is usually basedy\in addition to have a tight forestay for god
formance, to the will to limit as much as po§sible slack on transverse rigging elements wh
s comes from two reasons:

tight transverse rigging in all sail"configurations will “support” correctly the mast, af

d upwind
en sailing.

d provide

greater buckling resistance, seeNOTE 2 in 8.4.2;

non-flapping rig will limit fatigue stress both on rig and their end fittings.
Th
jac
ob

PS Oor mast
he mast to

s is usually made by pre;stressing the mast, through tightening the rig with turnbucklg
k/rams, and 7.1.3 requires the mast designer/provider to detail the method of setting up t
ain the required ptesstress loads.

8.4.2 Initial mast compression due to pre-stressing

The pre-stressing performed first in the harbour, then while sailing, is fully superseded|in loaded
shiouds.and partly in the non-loaded shrouds when heeling and broaching and under other mast
compression forces coming from mainsheet, halyards and stays defined previously. This |is usually
ch¢cked, amongst other calculations, by ensuring that the leeward rig (for a monohull) is not slack (i.e.

working in compression for a software) in the various sail configurations, see NOTE 2.

NOTE1 Compression on mast step due to pre-stressing is usually more important on monohulls than on
multihulls for which the mast usually has a “self-supported” diamond rig [see Figures 3 d), f) and g)] that is
set-up on land before installing the mast. The values of pre-stressing loads also depend on the purpose of the
craft. Racing monohulls have this pre-stressing helped by a hydraulic mast jack whereas small and medium size
cruising monohulls have this tightening made by hand on the lee shrouds after tacking.

NOTE 2  On “traditional” monohull rigging where transverse and longitudinal staying were not interfering,
this set-up was generally only made on transverse rigging, adjusting the fore and aft staying “on demand” by
tightening the fixed and/or running backstay. On modern rigging with aft set spreaders and shrouds, the
transverse and longitudinal supports of the mast are coupled, and this coupling varies with the sail configuration
of Table 7, requiring the pre-setting to be “balanced” to fit as much as possible all cases, a difficult task. This task
is now helped by dedicated FEM software.
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8.4.3 Mast compression due to heeling or broaching

The heeling moment is the couple made by the equal forces aerodynamic F,; and hydrodynamic Fy;.
This heeling moment is only a part of the righting moment as it is the one made by the force F,; only
multiplied by the height of this force above chainplates level.

8.4.4 Design compression in the mast step/pillar

The design mast compression in the mast step/pillar of a single mast Fj),, is the sum of the compression
due to heel plus, where relevant, loads from halyards, adjusted according to the presence or absence of
hooks, loagsfromrbtocks; foresaitverticat compoment ptus maimsheet putt;added to the renmaimsof the
initial pre-stress due to transverse and longitudinal rig pre-stress. This work needs experience-gnd
practice. If is wise to compare this result with “Established practice” values given in Annex C,

8.4.5 Detail topics on mast step/pillar

The calcu]ation of the pillar, either by simplified or developed methods, considers that the pillar is
loaded axjally with limited bending moment at its top, which is not always truelin practice. Unless
made thrgugh a sphere like on a rotating mast, the introduction of the mast ¢compression load op a
deck stepped mast is made through a mast plug plus mast base, the plug Being sometimes curved to
transmit 4 lateral bending moment improving the mast lateral stability but allowing some longitudipal
mast bending. Where the matching between the mast foot and the socket'is not correct, this may cayse
non-axial fFompression and/or longitudinal bending moment on the deck and pillar, that are usually pot
considerefl in calculation and need special consideration.

This document does not give specific requirements on the dimensions of top and bottom plates of the
pillar and|eventual brackets, and their scantlings shall be established through sound engineering gnd
experiencg. Mast manufacturers recommendations on this’subject shall be followed. Local weakenjng
of the pillgr tube, e.g. bores to pass electric cables intofhe mast shall also be considered/reinforced.

8.5 Final design load on rig elements
The know]edge of:

— the dgsign stresses and load cases‘defined in Table 3;

— the relevant design momentsM; Myyaxe Mupown: Mugroacy, defined in Table 5;
— the cdrresponding sail cenfigurations, defined in Table 7;
— the diftribution of forces'from the mainsail to the mast and its rigging, defined in Tables 9 and 10, apd;

— the lopds in staying elements, defined in Table 10;

is normally sufficient to define the loads, using any strength of material method or software, in all the
elements ¢f nfast(s) and rig, and particularly:

— the designloads and stresses in the mast or g element, without forgetting to multiply the rig loads
(but not mast compression) by kpsp as defined in Table 10;

— the design loads and stresses in mast steps/pillars or rig attachments, i.e. chainplates;

— the design loads and stresses in the connection between mast step or pillar step or rig attachment
and the structure.

These stresses shall be determined for all the relevant righting/heeling moments associated with their
corresponding sail configuration and shall be taken as the worst case of all possible combination, see
Clause 11.

Annex B gives information on metal and bolts and Table B.1 gives information on breaking loads of
some metal rig elements.
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Annex C gives "established practice” methods and examples of mast step and pillar and supporting
floor calculation.

Annex D gives "established practice” methods and examples of chainplate (metal, FRP connection,
strapped FRP chainplate) calculation.

For information only, Tables E.1 and E.2 show examples of tabular calculation of rig loads according to
Clauses 7 and 8, and Clause E.2 and Table E.3 show an example of a simplified calculation of transverse

loads on a monohull rig.

9

9.1

Th
int|

b)
Th

Fig

9.2

On
Clg
de;
as
is 1

Structural components to be assessed — Simplified or developed meth

General

e following items shall be considered when assessing or designing structurakcemponents
ended to support the loads and transmit them:

chainplates and their connection to the structure, see 9.2.

s assessment shall be made using:

Clause 10; or,

a developed method using one or several calculation methods defined in Table 2 and Clad

mast steps, pillars, mast bulkheads, beams, and their connection to the.structure, see 9.1l.

od

which are

either a simplified method using the "established praetice” methods defined in Taple 2 and

se11.

ures 1 to 3 show typical rig arrangements forsnonohulls and multihulls.

Mast steps and mast pillars andtheir connection to the craft's structure

ce the mast compression is determined using the simplified or a developed method as sj
use 5, the mast step/pillar and their connection to the structure shall be checked not to §
ign stress given in Table 3 under the action of the mast compression force. The force may
2 point load or a patch préssure corresponding to the mast footprint. Conventional be
1ot generally suitable for ‘short-span’ mast step. See Clause 11 when using the develope

becified in
bxceed the
be applied
hm theory
d method.

Clguses C.4 to C.5 can be-useful for that purpose.

9.3 Chainplates-and their connections to the craft's structure

On

Sp§
ex(

larere the strength of the rig element is greater than its design strength, usually for stiffne

— either dimension the chainplate and its connection to the structure to correspond to the (oversized)
rig element;

method as
ked not to

ce the load:in each rig element is determined, using the simplified method or developed
bcified in{Clause 5, the chainplates and their connections with the structure shall be chec
eed thedesign stress given in Table 3 under the action of each rig element.

W
pr

s or other

orrequire the rig manufacturer to provide a rig end fitting (eye, pin, toggle, etc.) with a pin according
to the design load and build the chainplate and its connection with the structure according to this
document. In which case, in the event of an unexpected overload (e.g. dismasting, hooking another
craft or a fixed object) the pin will act as a “fuse” and will not tear out the chainplate.

Where several standing rig elements are fitted on the same chainplate, the total load on the chainplate
corresponding to the various sail configurations S; and corresponding design loads and stresses shall
be used to check its attachment with the hull structure, using the worst case of their load combination.
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Where the rig is extended by a tie rod below the deck, this rod shall be considered as part of the
chainplate, fitted at the bottom of this tie rod.

The design details of 9.4 shall also be followed.

CAUTION — Chainplates are normally only designed as attachment of rig elements. Chainplates
may also be used to lift the craft, but only if they have been assessed for this purpose. In that case
this shall be documented in the owner's manual, see Clause 13, and this case is not considered in
this document (see NOTE).

NOTE Regulations on lifting devices usually require much greater safety factors than this document.

9.4 Degign details of chainplates and their connection to the structure

9.4.1 Geéneral

In general, the structural arrangement of the chainplates and their fittings shall be such that the |rig
loads are |transmitted in line with the rig at its ends, without creating parasitic|bending momeints,
e.g. using|toggles, self-aligning cup or ball, barrel pins, etc. Non-aligned loads or bending momehts
create long term fatigue stresses that shall be avoided, whether the rig elemént-is tight or slack. Thif is
particulanly critical on forestays that sags transversally and longitudinally ' when the foresail is unfler
wind pregsure. Both ends of a forestay wire or rod end fitting shall théerefore not be used withoyt a
proper arfangement (e.g. a toggle) allowing free lateral sag, unless theirfree rotation range is checked to
be adeune. In that context forestay chainplates along the craft orhull axis need special consideratilon,

e.g. "barr¢l toggles" to avoid bending stresses and fatigue, a transverse chainplate aligned with the
headstay dlirection is a better arrangement. The possibility of 52-angle of the toggle or end fitting in any
direction fit its connection with the chainplate is a general./Established practice".

Unless specifically engineered, rig elements should not'be connected to any deck or near horizortal
elements pnly and shall be connected to a vertical.or hear vertical element able to take the load gnd
transmit if to the structure.

Typical rig end connections are:

— rig end fitting connected to a vertical bulkhead or bracket;

— rig enf fitting connected to an aligned internal tie rod which is the connected to the structure;
— rigend fitting directly conneécted to a near vertical part of the shell (hull side, stem, transom, etg.).

When the|near vertical elément is not in line with the rig element, the near horizontal structure (g.g.
deck) shalll be able to support the horizontal load component of the connection.

Where stainless steel tie rods are used, their mechanical properties and design strength shall|be
precisely knowns-asthey can differ substantially from one material to another (e.g. rod rigging, wire,
threaded rod,etc:).

9.4.2 Strapped FRP chainplates

Strapped chainplates, see Figures D.8, first appeared on racing craft, but are now getting more and
more popular on cruising craft, particularly the ones with carbon FRP hulls.

Under nominal load:

— the chainplate components (bushing/tube, wrapping and foundation) shall withstand the design
load without exceeding the design stress;

— the contact area connecting the laminated chainplate on the structure shell, bulkhead or web shall
be such that the ultimate shear stresses in the contact surface between the plies and the structure
or in the glue joint are not exceeded before achieving the design load;
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— some allowance for the misalignment of fibers in wholly or largely UD layups (see NOTE) shall be
included in checking material properties. In the absence of better data, a misalignment of 5 degrees

shall be assumed;

for connection straps consisting of fan arranged UD's (with possible intermediate DB+, BDx, Qx

layers, see Note), the contact area should make allowance for misalignments;

for analysis of complex laminates, designers may use either linear (maximum stress or

strain) or

quadratic (Tsai-Wu) criteria, and the design stress/safety factor shall be as required by the last
row of Table 4, i.e. using primary or secondary bond design shear stress as required. Data given in

Annexes Cor H of ISQ 12215-5:2019 can he nseful

10

use D.6 gives "Established practice” for metal or strapped FRP chainplates and worked|ex

TE The definition of acronyms for plies UD (unidirectionnal) BD+(bidirectionnal 0/90°%)'DBx (

$°) or Qx (quadriaxial) are explained in ISO 12215-5:2019, particularly its Annex C).

Application of the simplified method

Anpex C gives "Established practice" methods of mast step and pillag-and supporting floor c

wi

h worked examples.

Anpex D gives "Established practice" methods for chainplate (faetal, connection with FRP ot

st

apped FRP chainplate) calculation, with worked examples:

11 Application of the developed method

11
Th

.1 General

b rigging structure shall be assessed using any appropriate method, e.g. graphical or comp

co

In
st

caiﬁulation, general or dedicated software; FEM. These methods shall be properly applied b

petent and trained to their usage.

brder not to stifle innovation, this document is written in terms of defined load cases and
ess factors/factors of safety:\The design stress assessment is left to the discretion of thg

sulbject to the criteria listed in/Clause 6 and Table 3.

Th
3-1

s document recognizes that many structural components within its scope are best analy
numerical procedures (e.g. FEM and /or dedicated software).

An|
lo

ad
si
Sp

ex E also shows an example of an established practice to roughly determine the tran
d calculatign-on a sailing monohull. This method is derived from the one explained in Ref
pted tothe method described in this document, but one shall be aware of its shortcoming
plicity,knowing that modern rigs combine transverse and longitudinal staying through §
eaders.

hmples.

Houble bias

hlculation,

Plywood,

uted truss
U a person

hssociated
designer,

zed using

sverse rig
erence [7]
due to its
weptback

11

11.

.2 General guidance for assessment by 3-D numerical procedures

2.1 General

The term ‘3-D numerical procedures’ is intended to indicate any structural assessment method which
is not limited to simple geometries. In most cases the term corresponds to finite element method
analysis (FEM).
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11.2.2 Material properties

Irrespective of the numerical method, the mechanical properties used should be according to Annex B
for metals and bolts and the relevant Annexes of [ISO 12215-5:2019 (Annex C for composite, Annex F for
wood/plywood).

11.2.3 Boundary assumptions

No explicit boundary assumptions are specified within this document. The analyst shall ensure that St
Venant’s principle is complied with, i.e. the critical area to be analyzed shall be located well away from
the modelboumdaries:

11.2.4 Lg¢ad application

Wherever|possible, loads should be applied as distributed loads. Where forces or moments. are appljied
as concenfrated nodal loads, these shall be located well away from the critical area to,b€analyzed.

11.2.5 Mpdel idealization

Models maiy be of beam-element, plate or brick type. Where beam-elements.are adopted, effective plate
dimension}s may be obtained from ISO 12215-5:2019 or from published:effective breadth formuljas.
Closed seftions having significant torsional stiffness should have this“parameter calculated usjng
accepted methods, e.g. Bredt-Batho theory.

When usihg plate-based model's, sufficient elements shall be ised at connections to replicate lgcal
bending effects.

Unless a nfon-linear analysis is used, analysts should take ‘care to ensure that buckling modes of failfire
are preclyded. This can normally be accounted for by;réspecting the allowable slenderness ratios [for
beams and flanges as outlined in ISO 12215-5:2019.\Non-linear analysis can be required for obtainjng
accurate lpad distributions in mast-rigging frameworks. Non-linear analysis is also required for bolted
structure$ using contact algorithms.

It is consiflered prudent de51gn practice t6_compare scantlings derived from the "developed" methgds
with thosg¢ derived from the "simplified".methods and a technical explanation should be provided in
cases whefre the former gives signifjeantly lower scantlings than the latter.

11.3 Assessment by ‘strength of materials’ based methods

The methpds outlined intAnnexes C and D contain a series of standard beam/plate theory-based
methods and other simplified procedures. Many of these derive from "established practice”, whiich
gives nortally conseryative results. The methods work well for one and two-dimensional structure$ of
isotropic material €onstruction.

12 Application of this document

Annex A helps checking a proper application of this document.

13 Information in the owner's manual
The owner's manual shall include at least the following information:

1) The following statement or similar: "The rig of this craft has been set-up and tuned according to
the recommendations of the mast/rig manufacturer. Do not change its setting without consulting
the builder’s instructions and/or his/her agreement. Where the mast has been taken off, have the
mast being re-installed by a professional following the setting-up instructions given by the mast
manufacturer".

32 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7dfca408ce1b727aba29d185b6ddcb17

1SO 12215-10:

2020(E)

2) Theinformation requiredin 7.1.2:i.e. the recommended sail configurations and trimming according

to prevailing wind, course, sea state, etc. and, where relevant, sail configurations and us
avoided, with corresponding explanations.

EXAMPLES

ages to be

Information not to change anything on the rig or sails shape or material (e.g; triangular mainsail to gaff,

change between Dacron to membrane sail material) without the manufacturer’s agreement.

Do not motor the craft without the mainsail set and mast supporting devices (e.g. runners)

in choppy

conditions, as the movement of the craft in the sea may induce loads in the mast due to its inertia.

3)

EX
"fu
oveE

Where relevant, the owner’s manual shall infe¥m, the user whether the craft may or may na

by
st

Where heeling moment My, has been used instead of righting moment My, (this is general
for cruising multihulls, and may be the case for multiple mast rig, see 7.2.1.), include, the
information according to the contents of 7.2.3 (devices limiting heeling loads],|1able
wherever relevant:

— the rig of this craft is designed to only support a part of its maximum heeling momj§

hydraulic rams, including mast jack as recommended.

follow the apparent wind speeds recommended at anemoteter position (e.g. ma
reefing/sail reduction scheme affixed close to the main steering position. Do not
alter this instruction sheet.

any information that may be relevant.

AMPLE "Where installed, do not impair the devices\}immiting the heeling moment from the
Kes" on sheets, rams, electric winches, alarms warningoverload on standing/running rig element
rload the rigging and break/damage the mast."

the chainplates (albeit generally with a safety factor much lower than in lifting standards)
ong points, the loading conditions, and the recommended lifting procedure(s).

y the case
following
| 7, etc. or

bnt, do not

modify the rig setup made by the boat builder or its representative, whére relevant, only use the

5t top) for
ake off or

rig such as
s, this may

t be lifted
pr specific

14 Information to the boat builder

The mast/rig manufacturer(provider or designer shall provide a written or electronic file gontaining

thg following information that may be a specific part of the owner’s manual, and shall give thd following

infprmation:

1) | the design load-of each of the rig elements provided (shrouds, stays, mast step, etc.), the dimensions
of their endyfittings, specifying whether this fitting, including its pin, corresponds to the design
load or a greater load.

2) | the jnformation for a proper rig setup/tuning as specified in 7.1.3.

© IS0 2020 - All rights reserved 33


https://standardsiso.com/api/?name=7dfca408ce1b727aba29d185b6ddcb17

IS0 12215-10:2020(E)

Annex A
(informative)

Application sheet of ISO 12215-10

,,, " . . .. Tick valid
Element Peseription cell .
Monohull
Type of sailing craft Multihull catamaran
Multihull trimaran
Steel
. . Aluminium
Building material
Wood
FRP
Craft main data (Table 1) Symbol o Unit Value
Length of hull Ly m
Length whterline in maximum loaded condition L m
Beam of Hull By m
Beam wafterline in maximum loaded condition Bw m
Beam betjween chainplates Bep m
Maximunp loaded condition mass My pc kg
Maximunil draught of canoe body T m
Design ca]tegory factor for rig (1 A and B/1,25.€ and D) Kpcr 1
Assessment of rigg\ ]&ul&s)- Used method (Table 2) Tldée‘;fhﬂ
Mast(step/pillar: use of rig manufacturer/provider load
Mast'step/pillar: use of Table C.1 "basic" method
Mast step/pillar: use of Table C.2 "enhanced" method
Mast step on plywood bulkhead: use of Table C.3
Simplified method Mast pillar calculation: use of Table C.4
Usee of Annex'G
"Estallished ntethod" Simplified floor calculation: use of Table C.5
Metallic chainplate from rig load using Tables D.4 to D.6.
Metallic chainplate from rig strength using Tables D.4 to
D.O
FRP strapped chainplate Clause D.6 and Table D.9
Developed method Application of the following rows
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Determination of My = min (Mg yp1; Myyp,) (Table 2) Value

Design heel angle ¢;p = 30° monohull ¢;p = ¢ ;) multihull bup degree

Righting moment from hiking crew MR crEw Nm

Total righting moment Mgpup1 Nm

rl;;g{:)eosed apparent wind speed at sail CE proposed in Vacekip Knots
Eggfﬁ;\soarllpparent wind speed at sail CE used for i Knots

:fl'dtal_sf.lail area in sail configuration 5S¢4 Apy m2

i = Ams * Ap1 + Awm

Distance between aero/hydro forces hegraw + helr m
Agrodynamic/hydrodynamic forces in case b Far1p N

Hgeling moment in case b My = Fapq, X (Aegriw + PeLr) Myup1 Nm

Mpyp1 € Myypq case a or Mpypq > Myypq Case b Caseaorb 1

Fipal design moment My, = min (Mpyp; Myyp) My, ('\'\' Nm

Final design aerodynamic force in S Frqq N

Rig load determination using the developed mst\&o@\(Tablg 2) Ti :l:e‘ﬁmd

st step/rig loads from rig manufacturer/provider (7.1.3)

st step/rig loads determined by Clauses 8 to 11

st step floor or support/chainplate scantlings using Annexes C and D

SIZZ[=Z

st step/chainplate floor or support scantlings using Clauses 8 to 11
Information required to be provided
huse 13 |Information required to be included in the owner's manual

212

huse 14 |Information required to be provided to the boat builder
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Annex B
(informative)

Information on metals and bolts

B.1 Typicatmetal properties

B.1.1 Ge¢neral information

Table B.1 gives the mechanical properties of the most frequently used metals in rigging and.chainplaftes
which can be used for the cited state as default values, unless derived from tests, excépt the ones [for
precipitatjon hardened stainless steel. For precipitation hardened stainless ste€l) e.g. F16 PH, the
values givien are indicative, and specific data shall be taken from a certificate obtained from the steel
manufactyirer or supplier. If derived from tests, the values of o, and o, used ifiTable 3 and the rest of
this document shall be 90 % of the mean relevant tested value or the meanvalue minus two standard
deviationg whichever is the lesser.

The yield|stress and ultimate strength can vary a lot after beingniachined or formed, and thig is
particulanly true for AISI 304 or 316, it is therefore wise to make té€sts'to optimize the design.

Equivalenge between several standard denominations for stainless steel is given in Table B.2.

=

CAUTION|— The mechanical properties of bolts (SS or'steel) shall not be taken from Table B.1
but from |!fable B.4 for stainless steel and Table B.5 for allied steel screws.

The Table$ of this Clause usually only give the tensile'stresses, for all metals; the shear stresses may|be
taken as 71= 0,58 o.

B.1.2 Cgrrosion

Non-stainjess steels are subject to «ust and need protection coatings in marine environment ¢.g.
galvanization, painting.

AISI 316 {A4 screws) is recomaménded where located below waterline, particularly 316 L, whergas
AISI 304 (A 2 screws) is only.recommended above waterline.

AISI 630 ([17-4 PH or equivalent) are subject to crevice corrosion in environment without oxygen like
stagnant yater.

Galvanic dorrosienis an issue for all metals, and when there is direct contact between metals having
different galvanic potential below waterline or in marine environment. This is normally not the case
between twedifferent stainless steels.

Contact between stainless steel and aluminium below waterline shall be avoided, by using, for example,
nonconductive bushing and washers. Contact between stainless steel pins and aluminium alloy
chainplates is acceptable above waterline, but the use of a tight fit stainless steel bushing reduces wear
and corrosion and is recommended. However, as non-metallic bushings or washers have lower bearing
strength than the mating metals, the connection needs special consideration in that sense, and the use
of the method explained in Clause D.7 or equivalent is required.

B.1.3 High strength stainless steels

There are many high strength stainless steels available in the market, which are frequently used by
rig manufacturers or for performance/racing crafts chainplates, fittings, or connections. Even if they
correspond to some standard, they are often known by brand names. Their mechanical properties vary
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significantly with heat treatments, cold forming, etc. and except Nitronic 50 cited in Table D.1, they are
not cited in the following tables. Their mechanical properties shall be obtained from their manufacturer
or provider.

B.1.4 Calculation of the strength of a bolt or a screw

Where several bolts or screws are used, their holding strength in shear may be problematic if there
is a clearance between the bolts and the bore as the transmission of force in shear in all the bolts
only happens where some yield or plasticity has occurred. When bolting metal chainplates to metal
structure, it is therefore preferable either to use the chainplate as a template to bore the hones in the
m i 300 i of rely only
on|friction coefficient to transfer the load. When bolting a metal chainplate to materiahyjwith smaller
tic modulus, as plywood of FRP, the problem is less acute, and the “established practice” method
lained in D.4 may be used.

Table B.1 — Values of o 1, 711> OLimb OLimw fOT SOme typical metals-used in rigp

Material componion | 9 | oF | o N | ount | TR | Sl
N/mm? %
Stainless steels¢
AIF1 304 - EN 1.4301, EN 1.4307 |X5 Cr Ni 18.9 520 | 210 520 210 210 21d 45
AIBI 316, 316 L- EN 1.4401 X5 Cr Ni Mo 17.2.2 520 44220 | 520 | 220 | 220 | 22( 40
AIFI 329 not cold worked X3Cr Ni Mo N 27-5-2 | 650,~| 500 | 650 | 500 | 325 325 15

AIBI F51, DX45, 2205, Uranus¢ X2 CrNiNoN 22.5.3 |#620 | 450 | 620 | 450 | 310 | 31d 40
Aluminium alloys series 5000

5086 0/H111 AlLMg,4 240 | 100 | 240 | 100 | 100 | 10Q 16
50[86 H32 Al,Mg,5 275 | 185 | 240 | 100 | 138 | 10d 10
5083 0/H111 Al,Mg,4,5 Mn 07 275 | 125 | 270 | 125 | 125 | 125 15
50[83 H32 Al,Mg4;5 Mn 07 305 | 215 | 270 | 125 | 153 | 12§ 9
5059 Alustar 0/H111 Al, Mg, 5-6 330 | 160 | 300 | 160 | 160 | 15( 24
5059 Alustar H32 Al, Mg, 5-6 370 | 270 | 300 | 160 | 185 | 15( 10
Aluminium alloys series 6000

6005 A T6 Al, Si Mg (A) 260 | 215 | 165 | 115 | 130 83 8
6061 T6 Al, Mg1,Si,Cu 260 | 240 | 165 | 115 | 130 83 10
6082 T6 Al, Mg1,Si,Mn 310 | 260 | 170 | 115 | 155 85 10

Titanium alloys
UTA 6V | 900 | 820 | | | 450 | | 10
Copper alloys

Brphze-manganese 510 245 245 >7
Bronze-Ni-Al 740 390 370 >7
Monel 400 550 | 350 275 >7
Monel 500 960 | 690 480 >7

a2 Non-welded or out of welding heat affected zone (HAZ).
b In way of heat affected zone.
¢ Mechanical properties taken from EN 10088-2:2014 and Reference [11].
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Table B.2 — Equivalence between stainless steel standard denominations

AISI c :g;‘;ﬁss:rf:}bmn 4 |Chemical composition AISI EN 10088-3 | ISO 16143-2
AISI 304, 304L CrNi 189 304 L 1,4307 1
AISI 316, 316L Cr Ni Mo 17.12 316 L 1.4404-1.4432 2122
AISI 329 Cr Ni Mo N 27-5-2 329 1,4460 55
17-4 PH, F16 PH Cr Ni CuNb 16.4 630 1,4545, 1,45nn 101
AISIF 51, DX45, Uranus 2205 Cr Ni Mo 22.5.3 UNS31803 | 14462, 1,44nn 52

NOTE AISI terminology is widely used worldwide, particularly in the USA. EN 10088-3 is widely used'inthe
EU, ISO 16143-2, even if easier to understand, is not yet widely used at the time of publication.

B.2 Meghanical properties of typical bolts

B.2.1 Gée¢neral information

Bolts may|be made from any suitable metal, like carbon steel and stainless steel, or non-ferrous metjals
such as Monel 400, etc. Stainless steel and carbon steel bolts are considéred in this clause, becapise
they are the most popular material on small craft even if the latter are less'used as they need painting/
coating.

Bolts or mpchined threaded rods shall not be made from high tensilé.or precipitation hardened stainless
steel (17-4 PH, F16-PH, etc.), unless their mechanical properties.are validated by comparative tests with
stainless qteel bolts according to ISO 3506-1:2020.

When using a machined threaded rod or a bolt, the user shall have a written proof of the mechanical
properties and should ensure these properties meet or exceed the ones of screws according| to
ISO 3506-1:2020.

Bolt choic¢ information and suggested tightening torque are given in B.2.2 and B.2.3.

B.2.2 Stpinless steel screws and bolts’according to ISO 3506-1:2020

Stainless gteel screws and bolts areclassed by ISO 3506-1:2020 into four main categories, see Table §.3.

Table B.3 — Classification of stainless steel screws according to ISO 3506-1:2020

Matetial AISI Texture
Al 303 Austenitic
A2 304 Austenitic
A4 316 Austenitic
CltoC4 400 serials Martensitic
If the steel hasalow carbon content-the letter L is added afterthe ISO material-

Table B.4 — Mechanical properties of stainless steel screws according to ISO 3506-1:2020

Stainless steel screws according
to IS0 3506-1:2020

Property class

50 70 80

u N/mm?2 500 700 800
o, N/mm? 210 450 600
OLIM N/mm? 210 350 400
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Class 50 is usually made by machining a thread from a solid rod. This is usually how threaded rods

are made.

Classes 70 and 80 are made by a combination of stamping and cold stretching/rolled threads, this is the
most common method for screws and bolts.

The quality of SS bolts is usually stamped on their head with the identification of the manufacturer
with 3 letters, with the material and class quality underneath.

For example, A4 L - 80 means Material A4 with low carbon and Class 80.

B.2.3 Steel bolts according to ISO 898-1

Stgels (plain or galvanized) are classed by ISO 898-1:1999 into several classes. The first digit
100 gives the ultimate strength o, (N/mm?2). The yield strength o, is obtained(by multiplying the
t digit by 10 times the second digit.

by
fir

Table B.5 — Mechanical properties of steel screws according to ISO 898-1

multiplied

Classes according to I1SO 898-1
4.8 5.6 5.8 6.8 8.8 10.9 129
oy N/mm2 400 500 500 600 800 1000 1200
oy, N/mm2 320 300 400 480 640 900 1080
oL N/mm?2 200 250 250 300 400 500 600
B.2.4 Recommended bolt tightening torque
Talple B.6 gives examples of preload and tightening torque for M bolts with friction washerp applying

the

method explained in [SO 12215-9:2012 thatmay be consulted for further details.

according to 1SQ12215-9:2012, valid with a friction washer

Table B.6 — Examples of values of preload P, (kN) and tightening torque 7, (Nm) for M bolts

‘N()u?i'nal diametre (mm) — Normal pitch

M bolt M6 M8 M10 N12
d mm 6 8 10 12
p mm 1,00 1,25 1,50 1,75
d; neck mm 4,8 6,5 8,2 D,9
S'neck mm?2 17,9 32,8 52,3 16,2
0/0,= 1,00 0,70 0,70 0,70 q,70
Stainles 1 bolts Preload Pr in (kN) and torque T in (Nm) method with k_ , fadtor
Material{ "o, State Kout Pr T Pr T Pr T PrF T
ss|sa> | 210 | No Grease 0,22 2,6 3,5 4,8 8,5 7,7 16,9 11,2 29,6
SS 50 210 | Greased 0,15 2,6 2,4 4.8 5,8 7,7 11,5 11,2 20,2
SS70 450 | No Grease | 0,22 5,6 7,4 10,3 18,2 16,5 36,2 24,0 63,4
SS 70 450 | Greased 0,15 5,6 51 10,3 12,4 16,5 24,7 24,0 43,2
SS 80 600 | No Grease | 0,22 7,5 9,9 13,8 24,3 22,0 48,3 32,0 84,5
SS 80 600 | Greased 0,15 7,5 6,8 13,8 16,6 22,0 32,9 32,0 57,6
NOTE Annex B of ISO 12215-9:2012 gives detailed information on bolts, their pre-stressing, tightening, etc.

Table B.6 is an excerpt of this information.
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Annex C
(normative)

Simplified "established practice"” for mast step/pillar assessment

C.1 StatusofthisAnmex

This Anngx shall be used when the "simplified method" of Clause 5 is chosen. For mast step/pillaf, this
Annex proposes the use of two "established practice" methods to determine mast step/pillar design loads:

— applylng the "basic" method defined in Clause C.2, or
— applylng the "enhanced" method defined in Clause C.3.

Once the [mast/step compression is defined, Clause C.4 gives an "establishéd) practice " method| to
calculate f mast step/pillar, and Clause C.5 gives an "established practice!~method for floor/suppprt
calculatioh.

o

C.2 Calfpulation using the "simplified method" for single mast or a two-masted rig

As explained in 8.4 the calculation of the mast compression®on its step or pillar is complex and,|on
modern aft-angled spreader rigs, it depends on pre-stressing:

Table C.1 gives the calculation method for single mast ofitwo-masted configurations.

Clause 14{ requires the mast manufacturer/designer to provide the mast compression, but, in the
absence of such information, Table C.1 can be used. Detail topics of 8.4.5 for mast step/pillar also apply.

Table C.1 — Simplified method'— Mast step/pillar design compression force

1- Calculm\for single mast — Simplified method

Monohulls Multihulls
Fpyc = 2,4 Mys % kpgp®2/(0)5 Bp)®? (N) Fpmc = 1,1 Myyp/(0,5 Bp) 29 (N)
May be conservativelyapproached by May be conservatively approached by
Fomc = 10 mppe V) where kpgp = 1 Fpme =10 mypc (N)

where
Mpgso N is theidesign righting moment for monohulls at 30° heel as defined in item 1 of Table 5;
Myyp Nip ds\the design heeling moment for multihulls, as defined in item 2 of Table 5;

kpsp 1 is the dynamic sail and rig load factor defined in item 1 of Table 10;

Bep m is the beam between chainplates defined in Table 1 (average value with several shroud beams).

2- Calculation for a two-masted rig — Conservative approach simplified method

Fpmci = kmmci X 10 x my pe (N) final design mast compression for mast i

where

i 1 indexi=1 or 2 for a two-masted configuration;

kyvmci = Armi /(Arpr + Armz) 1  isthe compression factor for masti for a two-masted configuration;
Ay m?2  is the total sail area as defined in item 3 of Table 5 for each mast i.
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C.3 Calculation using the "enhanced "method for single mast rig

Table C.2 — Enhanced method — Mast step/pillar design compression force

:2020(E)

Calculation for single mast — "Enhanced” method

1-Monohulls

1. Determine Mgz, the righting moment at 30° heel, from item 1 of Table 5.

2. Determine the ratio heeling, moment on rig/righting moment: (hcpiw.gel)/(Meraw *+ AeLr)-

3.[ Calculate Fpy peer, = Mr30/0,5 Bep) X Meriw-nen/ Retiw + AcLg); tHE Mast cCompression dué to hd

4.| Calculate Fpg, the tension in the forestay, and its resulting compression force in the mast (Tables
5. Calculate the tension in the mainsail leech and its resulting compression force in the mast (Tablg

6.| Calculate the force on fixed/running backstay(s) and the resulting compression force in
(Tables 8 to 10).

7.1 Add the 3 forces in 2 to 4 above.

9. Check the result by comparing with the value find using the simplified method, they should nd
more than 30 %.

8.| Find the final mast compression force, Fpy, by multiplying the sum of tHese forces by 1,8 kpgg?{.

el.
8 to 10).
s 8 to 10).

the mast

t differ by

2- Multihulls

Same method as for monohulls, with the following exceptiohs:

—| Replace Mp3, by Myyp.

—| Checkifa fixed/running backstay is used, generally it will not.

—| Replace the multiplying factor 1,8 kpgg%° by1.

Talples E.1 and E.2 give examples of suchtealculations, respectively for a monohull and a multi

Mast step/pillar calculation

hull.

ad case.

h pillar, or

any adeque structural element. Where the bulkhead cannot be located within 50 % of the mast chord

from the centerline of the mast, a pillar directly under the mast is required.

C.4.2.2 Unstiffened plywood or sandwich bulkheads

The mast bulkhead is presumed to offer effective support over a width b, = 4 x m, where m is the

transverse dimension of the mast, see Figure C.1 a); Table C.3 shall be used for that purpose.
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Table C.3 — Deck stepped mast on plywood sandwich bulkhead

t, = 0,82 x [(Fpmc * by)/E]%33 (mm) |minimum required mast bulkhead thickness in way of mast
where
Fpmcor Fpme; N is the compression on mast step/pillar as calculated by Table C.1 or Table C.2;
b, mm is the width of the cored or plywood bulkhead = 4 x mast width;
B N/mm? is the elastic modulus of bulkhead, for plywood, use the plywood on edge values
Of 1SO12215-572019:
WWORKED EXAMPLE FOR MONOHULL DECK STEPPED MAST ON PLYWOOD BULKHEAD Aq>)
1- DATA 9
mpc ke 7200 |Loaded displacement (monohull with Ly, ~ 9,75 m with my /Ly, 2*=30,5)
m nm 150 Mast width
E liI/mm2 4720 Elastic modulus of the plywood or cored bulkhead- Plywood-550 kg/m3 9 plies
2- CALCULATION N

Fpmc N 72000 [Mastcompression by approached simplified method Fpy¢=10 x 7200 =72 00N
by hm 600|150 x 4 =600
ty hm 16,6 ty = 0,82 x [(Fpyc * by)/E] 933 use closest availdble value 18 to 20 mm
NOTE Bugkling stress of a ‘long’ simply supported panel is 3,62 E (t,,/bg)?The applied stress is Fyr/(b}, * t,) A
safety factpr of 2 against buckling is required, hence 3,62 E (t,,/b,)? = 2 xE,/(b, x t,) and t;, = (2/3,62 x F, x b, /E)}/3
Or, t, = 0,92 (F; x b, /E))/3

For sandwich bulkheads, in the area with a width b,, beloW~the deck step, the second moment of afea
of the bulkhead (see A.13 of ISO 12215-5:2019) shall not'be less than t,3/12 per meter width. It shopld
be noted that this equivalence assumes that the core‘has a high shear modulus. If this is not the cgse,
the bucklipg strength should be corrected for the efféctive of bending/shear stiffness ratio. In addition,
checks shguld be made on compressive strength and local face buckling. A factor of safety of at least 2 is
required fpr each mode of failure.

b,=4xm 2 3
| v
| m > ‘ = \
| d4 = |
\ ds, As, Su@ 0,75 Lsr \ ds, As, Su@ 0,75 L
SNt 7 N

l/ 075Lgp || < 0,75 Lsp
_' __/ / Lgp

a) Deck qtepped on a bulkhead b) Deck stepped with a pillar c) Keel stepped

Key
1  bracket to stabilize and introduce the pillar load in the floor by shear

2 beam not meant to take vertical loads but stiffening the deck for transversal loads

3 device (tie rods) to prevent vertical deck movement under transversal and halyard blocks vertical load

Figure C.1 — Sketch of different mast step arrangements

C.4.2.3 Mast pillar calculation

Table C.4 shows the method of calculating a mast pillar, see Figure C.1 b).
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Table C.4 — Mast pillar calculation

A, = Fpyc/(100 op) cm? minimal required cross section of the mast pillar,
where
o = Gdc
P LV N/mm? |is the design compressive stress of the mast pillar (Rankine formula);
BP
1+k
P r

o4 N/mm? is the design compressive stress taken from Table 3 (mast step/pillar,

normaall).

is the actual distance between pillar support points, normally th¢ vertical
Lp m distance between top of the mast step and the underside pfithé d¢ck or
deck beam in way of the mast;

is the buckling length of the pillar. Use Lgp = 0,7 Lp if fully fixed i.¢. connect-
Lgp m ed with plate and brackets instead of 0,5 in theory to consider linearity
defects of the pillar

k is the pillar strength factor, k;, = 1,2 for steel’tuild or stainless) apd k;, = 1,9
p for aluminium alloys, see NOTE;
_ is the radius of gyration of the pillar, where I ,;,, (cm*) is the least|sec-
r |2 cm ond moment of area of the pillar cross-section, and A, (cm?) is th¢ actual
A, cross-sectional area of the pillar
) . Radius of Apprjoached
Section Figure Area, S Ihax Loin gyration, r valle for r
Sl‘;lcll‘l S D2 /4 D% /64 [tD*/(645)]%5 r=p,25D
Hollow [|Q|< /f/ \\ 2 4 4 [mt(D*-d%)/ 0,26(t,/D)? -
Lircle (D%-d%) /4 (D -d")/64 (64 5)]05 0,36¢) + 0,354
- N IS
N
Hollow | 2.2 44 [(A*-a%)/ 0,3(f,/4)% -
favare | <|of flof~ (4%a%) | (A%-ah/12 (125)]05 04181 + 0,408
| i
B
| b
T
Hollaw : 3773 3 153 0.5
ref@ngle || < ____!____ BH-bh (BH3-bh3)/12 | (HB3-hb3)/12 U nin/S)
I
|
N

Transversal force to maintain the mast foot on deck: 0,5 to 0,8 Fyy.

o
NOTE k =———— where oy is the yield strength of the pillar material.
% X Ex0,01?
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Table C.4 (continued)
WORKED EXAMPLE OF MAST PILLAR ASSESSMENT
1-DATA
Variable Detail Unit Value
mypc Loaded displacement kg 7 200
Design mast step compression force, monohull, N 72 000
Fpme =10 x mype |Table C.1
Material Pillar material AISI 316
E Elastic modulus of pillar N/mm 190,040
ay Ultimate stress N/mm?2 520
o Yield stress N/mm? 220
oLl Limit stress, Table 3 item 2 N/mm? 220
kyiAr Material factor, Table 3 item 3 1 0,75
ki c (pillar) Load case factor for pillar, Table 3 item 4 1 1,10
kpcr Design category factor for rig, Table 3 item 5 1 1,00
Ly Actual length of pillar m 2,00
ki Euler length factor FF (Clamped) = 0,7; SS(pinned) = 1 1 0,70
Ly Lyp=Lp x kg m 1,40
D Tube external diameter mm 88,9
e Tube wall thickness mm 3,05
2-RESULTS o,
e/l Ratio e/D 1 0,034
d = D}2e Tube inner diameter mm 82,8(
Rk Middle radius, R,y = (D + d)/2 mm 85,85
Lok Actual I ;, = ™ (D*-d%) /64 x 10~# cm* 75,9
Ap) Actual pillar section area Apg =it (D2-d?)/4 /100 cm? 8,23
r Radius of gyration r = (I min/,p)%> cm 3,04
Deiign stress of pillar.material, Table 3 item 1, N/mm? 182
94 04 = 0w * Kmar %K1d X Kper
o, Actual compressive stress 0, = Fpyc/(1004,) N/mm?2 88
o.sk Rankine buckling stress o gg = 04./(1 + k,(Lyp/1)? N/mm?2 145
Cr Rankine Buckling-Compliance factor Rankine 1 1,65
B yom: |1
a Ref[16] gives aformula defining the local buckling stress not to be exceeded; in this example the local buckling
stress o, § > 04 but'it can be governing for thin walled tubes.
On sandwich-decks_the core shall he strong pnmlgh ta suppart bolts compression loads and holtbear ng

loads from lateral forces (plywood core, high density core, single skin, etc.).

As there are some transversal loads at the mast foot (lateral wind and rig forces), it is a current practice
to stiffen the deck at this level (beam, stiffer deck sandwich, etc.).

C.4.2.4 Mastbulkheads with a well-bracketed vertical stiffener in way of the mast

The stiffener may be analysed as a mast pillar, but the attached bulkhead plating can be included in I ;,,
(see ISO 12215-5:2019).

44
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C.4.3 Keel stepped mast, see Figure C.1 b)

In the case of keel stepped mast or where the mast pillar is effectively supporting the mast alone, the
mast or pillar shall be supported by a step. The mast step shall be able to support the resulting bending
load and transfer the shear load to the supporting bottom structure.

It is a current practice to have a device preventing the deck from moving vertically under transversal
compression loads and halyard blocks, e.g. tie rods on mast foot or mast walls, on bulkhead, etc. see key
item 3 of Figure C.1 b).

The_cut-out in the deck shall have a collar, usually metallic, with rubber or wood spacing material
givling suitable horizontal support to the mast. In way of the collar, the deck shall be able tasfipport the
horizontal loads from the collar, e.g. metal collar, single skin, plywood core, high density-core, etc.

C.4.4 Analysis by finite element method

The design load may be applied as a patch load over an area equivalent to.the mast fo¢tprint. In
deyeloping the model, the requirements of Clause 11 shall be met.

C.5 Simplified mast step/pillar floor/support scantlingmethod
Seg¢ Table C.5.

Table C.5 — Simplified mast step/pillar fleot/support scantlings method

Short span design bending moment in the mast step/pillar floor

Myis = kwisg * Fomc * Lsp/4 Nm consideredsimply supported (see NOTE)

Short span design shear force in the mast step/pillar floqr consid-

Fsps = Knss x ks * Fpue x Lsp/2 |Nm ered-simply supported (see NOTE)

where

F N isthe design compression from mast step/pillar bottom flefined in
DMC Table C.1;

Lg m is the span between support points for the mast step/pillar floor;

kmisg = 4,5 x dy/Lgp i\ is the floor mast step factor in bending, not be taken less|than 1;

kyss = 3,65 x (dy/Lgp)07 1 is the floor mast step factor in shear, not be taken less than 1;

dg m is the depth of the mast step floor.

oMax = Mys/SMpin < Oy N/mm?2 |Maximum bending stress in the mast step floor

Tulax = ks % Fgys/(@004gy) <74 [N/mm? |Maximum shear stress in the mast step

where

SMmin cm3 is the minimum section modulus of the mast step floor;

Aghy cm? is the floor shear area;

kg 1 is the floor shear factor.

Formast-step/pillar ffoors consisting of a rectangular block (e.g. as commonly found on wooden craft), Agy is
the actual cross-sectional area and kg = 1,5.

For mast- step/pillar floors which consist of a web and flanges, Agy is the web area and kg = 1.
o4 and 74 are defined in Table 3.

Where the height of the floor web is variable, the values of dg, SM and Agp shall be taken at 75 % of the span Lgp,
see Figure C.1 b) and c).

Where possible, step/pillar floors should be supported by brackets which stabilize the floor against torsional
buckling, and transmit load by shear.

NOTE kysg and kyqs are approximate correction factors intended to make standard beam theory more appli-
cable to short-beams of the type found on boat mast steps. Generally, standard beam theory requires that the
depth be less than about 15-20 % of the span. From formulas for kysz and kygs, the factors are equal to 1,0 at

depth/span ratios of 22 % and 16 % respectively.
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C.5.1 Worked examples for mast step calculations

Table C.6 — Worked examples for step/pillar floor calculation

Worked example
Floor for mast step for a design category A craft

DATA
Fpmc=72000N |  Lgp=09m |  d,=025m kper =1 ks=1,0
PRELIMINARY CALCULATION

kysg = 45K dy/Lsp = 4,5 X 0,25/0,9 = 1,25
kyss = 3,6% x (dy/Lsp)®7 = 4,5 x (0,25/0,9)07 = 1,49
Mys = kysg * Fpme % Lsp/4 = 1,25 % 0,25 x 72 000 x 0,9 = 20 250 (Nm), bending moment
Foms = kysk % ks x Fppe % Lgp/2 = 1,49 x 1,0 x 72 000 / 2 = 53 600 (N), shear force
Table 3 gives k; - = 1,05 for step of mast/pillar in wood/FRP, and k; = 0,88 for its connection te the structurg.
Worked gxample 1: Floor made with an oak wooden block 250 x 250 x 15 mm thick, thQwaox configuratipn
For oak, Tgble E.1 of SO 12215-5:2019 gives oy = oy¢;, = 77 N/mm? and 71y = 11 N{mm? kyz1 = 0,33.

O-d = GLIM A kMAT X kLC X kDCR =77 % 0,33 X 1,05 x1= 26,7 N/mmz. Td = TLIM X kMAT X kLC X kDCR =11 x 0,33 X l,O
5 x 1 = 3,8{N/mm?2.

SM,;,, = (2p*-224) / (12 x 12,5) = 1 042 cm3.m actual SM of the mast step/floor.
Ag=2x29x1,5=75cm2=7500 mm2.
Omax = My / SMyin = 20 250 / 1 042 = 19,4 N/mm? < 26,7 mast step‘Cemplies on bending strength Cp = 1,37.

Tax = Fsmk /(1004gy) < Tpax = 53 600 /7 500 = 7,1 N/mm? > 3;8\mast step does not comply on shear strenggh.

The compliiance factor is Cy = 3,8/7,1 = 0,53. To comply, the 15\mim webs shall be thicker, t;= 15/0,53 = 28 mnj.

The flanggs and webs of the mast step block are considetred glued with epoxy, and the whole block glued onlits
full bottom to the craft's inner side of bottom plating 250" mm wide. As explained in ISO 12215-6:2008, the sh¢ar
flow is g =Fsys/1 000 d, = 53 600/250 = 214 N/mm. Ifthe epoxy glue has a design shear stress of about 5 N/mp?,
the shear gtress in the glue joint will be 7, = q/250= 214/250 = 0,8 < 5; complies.

NOTE Attfached plating contribution is ignoréd,in this example, as planking grain is assumed to run perpendjic-
ular to thg mast step axis. See Annex G or, H'of ISO 12215-5:2019 for more in-depth method for analyzing wogod
beams with effective plating.

Workquﬁ-x)a‘mple 2: Same floor made from a top hat.

Top hat cofresponding to "tall top hats" in Table G.3 of ISO 12215-5:2019. Material CSM GRP ) = 30 %. The :lop
flange of the top hat is loaded.ifirgompression and is probably weaker than the bottom flange (attached plating)
in tension

Considering Table G.3 ofdS012215-5:2019 extrapolated to 250 mm height (or using Annex H) with 250 x 250 x 250
with, ¢, =10 mm, then'$M,,;, = 557 cm3 and a shear area (4,,) = 50 cm? = 5 000 mm? are found.

With the spme dimensions, the bending moment and shear forces are the same.

01w = Oycl;; 125 N/mm? (Table C.9 of ISO 12215-5:2019), multiplied by kgg = kp = 0,95 and g4 = 141 x 0,38 x
1,05 x 1 = f4N/mm?2.

Tym = Ty = 53 N/mm?2 and 4= 53 x 0,33 x 1,05 x 1 = 18,4 N/mm?2.
With My =20 250 N.m and SM,,;,, =557 cm3, 0, = 20 250/557 = 36,4 < 04 = 44 m/mm? compliance factor = 1,21.

For shear stress check, the shear flow is the same g = 214 N/mm. With a design shear stress in the flanges lami-
nated to the hull plating t4 = 3 N/mm? (see [SO 12215-6:2008), the width of the gluing area shall be greater than
214/3 = 71 mm which means 36 mm each side, smaller than the usual 50 to 75 mm.
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Annex D
(normative)

Simplified "established practice" for the assessment o
chainplatesand their connection

f

D.Il Status of this Annex

Thjs Annex shall be used when the "simplified method" of Clause 5 is chosen.

D.2 Loads

D.2.1 General

Thjs Annex is mainly dedicated on chainplates connected to the metal rig quoted in Table I).1 and, to

sinpplify, are based on column 8 of Table 4, i.e.:

— | at the connection rig element/chainplate, the ultimate strength of the chainplate is 120 % of the
strength of the metal rig element it supports;

— | at the connection chainplate/structure, the ultifiate strength of the connection is 144 % of the
strength of the metal rig element it supports.

This supposes that the rig is correctly sized,ie. R, = 240 % of the design load. If this is nof the case,

columns 2 and 3 of Tables D.4 or D.5 or R, wire strength of Table D.2 shall be corrected to b¢ 240 % of

thg design load.

Noh-metal rigs are not formally quoted in this document. As their elastic modulus is smjaller than

mgtal rig and their ultimate strain larger, and therefore to provide the same support as a metfal rig they

ne¢d a larger section which means a much larger ultimate load than for metal rig elements. [Chey shall

thgrefore be treated as in the_previous paragraph replacing R, wire of Tables D.2, D.4 and D.§ by 240 %

of the design load.

D.2.2 Rig breakingload — Metal rig

The ultimate strehgth of the rig element, R, rig, shall be taken from the manufacturers| specified

br¢aking load'data for the appropriate rigging size and type.

Mahnufacturers have different practices for specifying breaking loads, being often minimunj values in

Europeswhile American practice is to use nominal breaking loads subject to 2,5 % underload|tolerance.

Thisshould he checked with the manufacturer

The values of Table D.1 and Figure D.1 are approximate averaged values; where available, the data given
by the rig provider shall be used. The strength of an AISI 304 wire is 87 % of the same wire in AISI 316.
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Table D.1 — Default values of some metal rig elements

1x19 AISI 316 Dyform Nitronic 50 Rod
o, aver-  Sec- o, aver- Sec- Sec- o, aver-
dyy age tion R, age tion R, dash  d,, tion age R,
mm N/mm? mm? N N/mm?2 mm? N # mm mm2 N/mm? N

3,0 1390 54 7 500 1530 6,4 9730
4,0 1390 9,6 13 300 1530 11,3 17300 | #4 4,37 150 1390 20850
5,0 1390 14,9 20700 1370 17,7 24210 | #6 5,03 199 1410 28020
#8 572 257 1400 35940

6,0 1390 21,5 29900 1370 254 34860

#10 6,35 31,7 1410 |44 65
7,0 1390 29,2 40700 1370 346 47450 | #12 714 40,0 1410 564€
#15 7,52 444 N1-410 62 62
8,0 1390 38,2 53100 1370 45,2 61980 | #17 8,38 552),V 1410 7777
#22 953 71,3 1410 100580

=R E=AN-N -]

10,0 1300 59,7 77 600 1370 70,7 96840

#30 1L10 96,8 1400 135480

12,0 1300 86,0 111700 | 1370 101,8 139450
12,7 1300 96,3 125200 | 1370 1140 156190 | #40” 12,70 126,7 1400 177350
14,0 1200 1170 140400 | 1370 138,55 189810

#48 14,27 1599 1330 212710

16,0 1200 152,8 183400 | 1370 181,0 247910

#60 16,76 220,6 1330 293420
#76 1790 251,6 1330 334690

19,0 1200 215,5 258600 | 1370 2552 349590
22,0 1200 2889 346700 | 1370.-342,1 468700

Section = 0,76md?/4 Section = 0,9td?/4 Section = td?/4
ay/au 0,85 %0,85 ~0,85
fN/mmZ) 150 000 170 000 200000
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Figure D.1/— Graph for values of Table D.1

A tlie rod passing through the deck or connected to a deck level with a chainplate/connectipn aligned
with the rig/shroud may be censidered as a prolongation of the rig, i.e. the chainplate to condider is the
ong at its lower end and cgnhected to the structure. This is only valid provided the connectipn at deck
leviel does not affect significantly the deck and its structure, i.e. if the deck and eventual begm are not
stiff enough to absorhZaiy near vertical significant load.

NO[T'E The cheice”of the rig diameter is frequently governed by its stiffness to ensure that fhe mast is
sufficiently supported to prevent its buckling under compression. This entails that load in the rig|element is
usyally between30 % and 40 % of its breaking strength R,. Even if this document (see 8.1) excludps the case
where the rig/can catch objects while sailing (including another craft's mast), to ensure that the fig will fail

befpre itssattachment, it is a common practice to have the chainplate strength at least 120 % of the rig strength.
D. . . .

Feprr :ZZFU (N), is the load in way of a chainplate and its foundation, for all Table D.1 rig elements

which are connected to the same chainplate. If the rig elements have different angles, this sum shall be
made vectorially, i.e. by composition of the forces in all rig elements connected to the chainplate working
simultaneously.

NOTE The term “working simultaneously” means that the final load on the chainplate cannot be the sum of

the maximum load in each rig element but the greater load in the chainplate according to the worst load case, e.g.
the loads in diagonal D1 and vertical V1 vary from S¢4 to S¢s.
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D.3 "Established practice” method for dimensioning a metallic lug
Table D.2 is based on the experimental method presented in D.7 and is similar to References [9] and

[10]. It allows a chainplate with balanced resistance between shear/bearing resistance and tensile/net
section.

Table D.2 — Proportion between the values for a stainless steel or aluminium chainplate

Material ey/D w,/D ty
C.x1,2R
SS AISI 30F & 316 16 7063 . e
1,425x0, XD
Cpx1,2R, .
Aluminiurp 5086 H 111 2,0 3,366 ul u wire
1,7xo xD

CAUTION|— The formulas are only applicable when the pin is loaded in double shear as shown in
Figure D.2.
Where, se¢ also Figure D.2:

D mm is the bore for the rig pin, usually not greater than 1,05 Dpim;
e mm is the height of the chainplate above the axis;
ty mm is the thickness of the chainplate;
W, mm is the width of the chainplate;
R, wire N is the ultimate strength of the wire as given by'the rig manufacturer or by Table D.1
2 is the ultimate stress of the chainplate material given below or according to the mat-
o N/mm . .
u rial provider;
Cr is the compliance factor against the¥equirement to have the chainplate 120 % R, wife.

This simplified method is mainly applicable for 1 x-19or 1 x 36 SS wire up to 16 mm diameter. For higher
diameter ¢r other material like Rod, the rig manufacturer shall be contacted to have the manufacturgr's
ultimate sftrength.

Table D.3 gives the mechanical properties of metals taken from Table B.1.

Tables D.4 and D.5 correspond to (he "established" practice used or recommended by many majst/
rig manufpcturers. Its dimensions_are slightly different from the one recommended by Table D.2: the
compliande factor shown in thé two last columns of Tables D.4 and D.5 are higher.

TableD,3'— Mechanical properties used in Tables D.3 and D.4

Stainless steel chainplate material
AISI EN 10088 oy, oy E &,
reference reference N/mm? N/mm?2 N/mm? %
316 1,44 220 520 200 000 40

5086 H111 aluminium

AlSI oy, oy E &y
reference N/mm? N/mm? N/mm? %
5086 H111 (annealed) 100 240 27 000 13

50

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7dfca408ce1b727aba29d185b6ddcb17

IS0 12215-10:2020(E)

— ﬂ
. fiy
! il
Tl |
1 i
ad | w FH
RO,6 e, | A A
’ - RO,3 e .
= ) 2 |
¥ b H_g £ S]] \q?‘
SEENAR AR &
. J 7/
JTYT L o
S |
i e
w, 5 Wa

a) Stainless steel chainplate/toggle

Figure D.2 — Metal chainplate dimensions/in Tables D.4 and D.5

b) Aluminium alloy chainplate/tog

gle

Table D.4 — Typical dimension of AISI 304 & 316,SS steel chainplates for 1x19 AISI 304 wire

1 2 3 4 5 6 7 8 9
d R, wire D a Db t° wy¢ hei hizabove Cp =R platee
5S u 1,2 R p thickness plate ghte F= It pla
. AISI 316 u pin bore . . axis /1,3 R, rig
wlire min max width . c u
min max
. Net
Bearing .
t N N mm mm mm mm mm mm mm P | section
or shealr .
tensile
4 13 300 15960 6,5 7,0 5,0 6 23 13 15 1,83 1,88
5 20700 24 840 8,0 8,5 6,5 7,5 29 16 19 1,88 2,00
6 29900 | 35880 9,5 10,5 8,0 9 29 16 19 1,67 1,57
7 40700 {48840 11,0 12,0 9,5 10 34 20 23 1,79 1,62
3 53100 63720 12,0 13,0 11 12,5 34 20 23 1,61 1,39
10 77600 | 93120 16,0 17,0 15 16 42 22 27 1,62 1,55
[ 2 131 740 | 134 090 19,0 20,5 16 18 55 32 36 1,78 1,57
12(7~| 125 160 | 150 190 19,0 20,5 16 18 55 32 36 1,59 1,40
14 140390 | 168470 22,0 23,5 17 20 64 36 41 1,69 1,56
16 183370 | 220040 | 25,5 27,5 21 24 73 40 49 1,78 1,66
19 258580 | 310 300 32,0 34,0 24 28 91 52 61 1,88 1,68

All dimensions according to Table D.2 and Figure D.2.

¢ See

Table D.10.

a +(0,2 mm for Dp <10; £ 0,3 mm for Dp > 10.
b 1,05 D,+0,3 mm.

¢ Maximal value to allow rigging screw and toggle to fit and allow the rig and its attachment to articulate with
rig movement.

d Where two shrouds are connected to the same plate w, may be used as the distance between the axis of the bores.
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The calculations have been made for AISI 316, but as the mechanical properties of this grade are
marginally greater than the ones of AISI 304, Table D.4 may be used for both metals.

Dimensions not in the Table: clearance above deck h = 1,2 e, and radius at top of chainplate R = 0,6 e,.

CAUTION — For simplicity, Tables D.4 and D.5 are based on R, wire, which is supposed to be 2,4 F,
the design load in the wire (see Table 4), with compliance factors against rupture R, plate/1,2 R,
rig between 1,4 and 2,3. A thorough application of this document using the developed method of
Clause 6 requiring the application of the design stress and not the ultimate stress would entail
Cpy = 0,/04 that are 20 % lower than displayed in the two last columns of Table 4. Playing with

the figures of Table D .4 shonld not end with valnesin the two last colnmnsbhelow 1,2,

D.3.1 Typical dimensions of aluminium chainplates
Table D.5 gives typical lug dimensions for 5086 alloy lugs for 1 x 19 wire in a similar way as.for Table ID.4.

As pin moyement wears and tends to ovalize the aluminium bore, the addition of a pressfitted stainless
steel busling in pin bore is highly recommended for pin diameters greater than 10 mm. Table D.5
has been falculated similarly to Table D.4, using D, in place of D where appropriate. The stainlgss-
steel busljing is inserted with a press or equivalent (adjustment H7p6), that will entail sufficipnt
watertighfness between bushing and chainplate to reduce SS/aluminium galvanic corrosion.

Table DJ5 — Typical dimension and calculation of aluminium alley chainplates for 1 x 19 wire

1 2 3 4 5 6 7 8 9 10 11
SdS R|wire 12R D, Dl | Bush | D, l;zte Yaztce heféht Cr = Ry plate
wire AIBI 316 7o pin bush thick | bush {Jhick VI\J/i dth abo_ve /1,2 R, rig
axis
t N N mm mm mm mm mm mm mm Bearing | Net 51 ct
or shear | tensile
4 12800 15960 6,5 7,0 0 7,0 10 24 14 1,79 1,84
5 20 000 24 840 8,0 8,5 0 8,5 14 29 17 1,95 1,99
6 28 790 35880 9,5 10,5 2 14,5 14 49 29 2,31 2,31
7 35 540 48 840 11,0 12,0 2 16,0 14 54 32 1,87 1,88
8 46420 63720 12,0 13,0 2 17,0 18 58 34 1,96 2,00
10 7P 520 93120 16,0 17,0 2 21,0 25 70 42 2,30 2,21
12 | 104430 | 134090 19,0 20,5 2 24,5 32 84 50 2,42 2,41
12,7 | 116 970 150,190 19,0 20,5 2 26,5 32 90 54 2,34 2,33
14 | 142 150 168470 22,0 23,5 3 29,5 32 100 60 2,31 2,3
16 | 185660 [ 220 040 25,2 27,5 3 35,5 35 120 70 2,28 2,3
19 | 230 570%" 310300 32,0 34,0 4 42,0 36 140 84 1,99 1,94
All dimendions according to Table D.2 and Figure D.2.
a +0,2 mm for Dp <10; +0,3 mm for Dp > 10.
b 1,05 D,+0,3 mm.
¢ Where two shrouds are connected to the same plate w, may be used as the distance between the axis of the bores.
d See Table D.10.

Dimensions not in Table D.5: Clearance above deck, h = 1,2 e; and radius at top of chainplate, R = 0,3 e,.

D.3.2 Dimensions and bending or shear stress of the pin

The strength of the pin itself is generally not the choice of the boat builder or designer as it is generally
provided by the rig manufacturer. Pin double shear strength is straightforward, but the pin bending
analysis is more complex, and depends of course of the gap between chainplate and toggle. The analyses
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explained in References [9] and [10] summed up in Clause D.7 may be used, but practical experience of
the rig manufacturer is determinant.

Some references advocate that the bore shall not be greater than 105 % of the pin diameter to avoid
fatigue issues on the pin, but this is difficult to achieve in practice, as a too small clearance can lead to
seizing of the pin in the bore due to salt/dust, a situation to be avoided in any case.

D.3.3 Metal lugs with additional thickness in way of pin

To gain welght some bullders/de51gners sometlmes use thlnner champlate lugs than requlred by

pliance factor on tensile stress is at least the one in the last column of Table D.4 using'tl
lained in Clause D.7 and Table D.10.

.3.4 U bolt type chainplates

D.3.4.1 General

U bolt type chainplates are frequently used for standing rigging or®or attachment points ¢f running
rigging. Figure D.3 shows 3 typical types of U bolt chainplates.
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UTION — It is of paramount importance that the pull, whether vertical or horizontg
e deck/hull general plane be made within the vertical plan of the U bolt. A pull in a

ures D.3 and D.4 shows the recommended load direction, V or H, and the load dired
avoided.

4.2 Strength assessment

4.2.1 Vertical pull

b most frequent use of U-bolt chrainplates is when the load is vertical or near vertical (3
ures D.3 and D.4).

al

strength of U-bolt chainplates depends significantly on their material, shape, f3
tallation, shape of rig end fitting attached, etc. and on the way the load is transferred fr
the structure. When(loaded close to the limit, and according to the various parameters

olt deflects, then'thé load is not any more evenly shared by the rods and threads, there

concentrations, ete,

Th

brefore, thestress assessment for the vertical load shall be:

if a speeific U-bolt chainplate has been tested up to ultimate, the value to be taken is 9
meéan ultimate strength or the mean value minus two standard deviations, whichever is

1, against
direction

[side of this plan shall be avoided as it induces bending loads and is correlated to fatigue loads.
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nargin, as

explained above, and the ultimate strength of the U-bolt chainplate shall be taken as 85 % of the
theoretical ultimate stress of the sum of the strength of all loaded bolts, calculated at thread necks.

D.3.4.2.2 Horizontal pull

Some U-bolts are used with a horizontal or near horizontal pull [arrow H in Figure D.3 a)], e.g. pull of
backstay load where the U-bolt chainplate is bolted on the transom. In that case, the stress assessment
is even more specific, as the plate connecting the two sides of the U distributes the load between them
which shall be strong enough. Also, the U rods are loaded in shear.

The strength assessment for a horizontal load shall use the same procedure as for the vertical pull.
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D.3.4.3 Detailed recommendations
The following should be undertaken.

— Ensure that the sandwich deck core material is stiff enough to support the bolting compression/
shear load, or replace by wood/plywood, reinforced resin, high density core, etc.

— Bore the deck or hull at exactly the same spacing, using the top plate as a template. Unless the
chainplate has a watertightness device, finish the top of the boring with a chamfer to allow forming
a watertight "O ring gasket" with the jointing compound.

— Do nof overstress the bolts (to be recommended by the manufacturer) otherwise see Table B.5,

— Ensuife that the load is distributed.
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Figure D.3 — Sketch of various types of U-bolt chainplates
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Figure D.4 — U-bolt-recommended direction of load

D.4 "Established practice” for bolted chainplate connections to the structure

D.4.1 Chainplates or plates connected to the structure by bolts

Flat plates bolted to a bulkhead or side shell/transom constitute the most traditional type of connection.
They are commonly used for shroud and backstay attachment.
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The plate is usually bolted on one side of the structure element, and the bolts are therefore loaded
in single shear. This asymmetry also entails that the bolts work both in bearing and bending in the
bulkhead or structure.

Table D.6 shows the logic to follow, the "final" load of the chainplate is the one corresponding to the
lowest load given by this table for bolts or group of bolts.

NOTE There are not many published works on this type of connection in the nautical field, and the logic of
EN 1995-1 (Eurocode) has been used, with lower safety factors than in house building practice. Aircraft literature
also has its recommended practice, usually more sophisticated than in EN 1995.

Table D.6 — Strength of bolted connections with the structure

Definition | Unit | Formula/specifications
1 - Strength per bolt in shear — Single shear (x2 if double shear}\Q '

Not considering friction (see below), this is the greatest load that a bolt can tran&ﬁD{ per shear fjlane.

Simplified method N Ry =0,6 x A x g, ultimate force of bolt in shear;

Dgveloped method N Fy,5=0,6 xA x gy, design force of bolt in shear,

where

A /4 x dy? mm?2 is the bolt shear area, where the sheat plane passes through the glain

section;

is the bolt shear area, where the shear plane passes through the threaded

_ _ 2 2
AF /4 x (dy, - 0,938 p) mm? o tion:

p mm is the thread pitch (mm).

Sep Table D.7 for pre-calculated values of R ;..

2 - Force per bolt in bq&}f\ng in a plate/chainplate

Simplified method N Rypp = dy, * t;, X0}, ultimate force of (chain)plate in bearing,
Dgveloped method N Fypp = dp Xy, X 0gpy, design force of (chain)plate in bearing.
Sep Item 4 for values of o, and bolt minimum spacing.

3 - Force ppl{;b}))lt in bearing in a bulkhead or structure

Simplified method N Ryppk = dp X Lty X Oy

p
Dgveloped method NS Fpbk = dp % Ztpy % Ogpp

Where - see Figure in item 4} where i is each layer of material, where the bulkhead or structure is mafle of sev-
eral different materials. Seg Item 4 for values of 6., and bolt minimum spacing.

4 - Bearing yltiﬁ;te stresses and minimal hole spacing according to material (see sket¢h)

Ut | e [ e | e ||
N/mm?
Stgel 1,50, 2 3 1,5 3
Ballanéed or isotropic laminate 1,50, 3 3 3
Wéodhlong grain 0,082 p x (1,0,01d,) 5 4 3
Plywood 0,11 p x (1,0,01 d}) 5 4 3
Py e
M

P,

AV
oo
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Table D.6 (continued)

dy, mm is the nominal bolt diameter;

t, mm is the thickness of the plate/chainplate (directly loaded plate, not including backing plate);
thk mm is the effective thickness of the bulkhead index i if several elements;
o4 N/mm? isthe ultimate bearing stress of the structure on which the plate is bolted;

04, N/mm? isthe design bearing stress of the structure on which the plate is bolted.

2 For metal or isotropic materials, the values of o, /o, = k;, of Figure D.9 a) where values >1,5 may be used; the

values for wood and plywood are derived from EN 1995-1-1:2004.

Table D.7 — Dimensions and properties quoted in Table D.6

Ultimate strength of bolts

R, single shear

shear plane

trough unthreaded section

R, single'shear

shedpplane

trough‘threaded section

Type of stainless-steel bolt A4.50 A4.70 A4.80 A4.50 A4.70 A4.8)D
Bolt tensile stress, o, (N/mm?) 500 700 800 500 700 800
J do P Aréla of Ar?; of Ultimate strength of bolts in simple shear
b Hole | pitch |unthreaded| threaded Ry
section section
mm | mm mm mm? mm? N N
6 b,5 1,00 28,3 20,1 8482 | 11875 | 13572 | 6037 8452 9 660
8 9 1,25 50,3 36,6 15080 | 21112 | 24127 | 10983 | 15377 | 17573
10 11 1,50 78,5 58,0 2356254732987 | 37699 | 17398 | 24357 | 27837
12 13 1,75 113,1 84,3 33929 | 47501 | 54287 | 25282 | 35394 | 40431
16 18 2,00 201,1 156,7 60319 | 84446 | 96510 | 47003 | 65804 | 75205

a Notrecommended as the effect of the threads on bearing material entails damages and secondary/other stresses.

D.4.2 Wprked example of a chainplate bolted to a bulkhead

The following is an example of the-calculation of a connection of a bolted chainplate to a bulkhead. $ee

Figure D.§.
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Dimensions in metres [Figure a)] and in millimetres [Figure b)]

1YAS

a) General dimensions b) Chainplate details

Key
chainplate bulkhead (GRP sandwich or plywood) 4 bulkhead tabbing or gluing

eventual partial bulkh€ad in way of chainplate bulkhead5 deck plate for watertightness
glued plywood peinforcing plate (plywood bulkhead) 6 sandwich replaced by wood insertif bolted|deck plates

Figure D.5 — Sketch of chainplate section

Table D.8 — Example of bolted chainplate calculation

Designation Definition Name | Unit | Value
1-DATA

R, V1dé6 1 x 19 AISI 316 from Table D.1 R, V1 N 29990

R,D1d6 1 x 19 Aisi 316 from Table D.1 R, D1 N 29990
3 ggrce?lrgtl}fo structure FRP/rig Column 8 of Table 4 Sk R, conn 1 1,44
4 |Chainplate material AISI 316
5 |Width of chainplate 2 x 30 mm as per Table D.4 w, mm 60
6 |Thickness of chainplate 8 mm as min of Table D.4 t, mm 8
7 |o, chainplate From Table B.1 Oy chplate | N/mm?2 | 520
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Table D.8 (continued)
8 |d connecting bolts 8 mm M8 Bolts A 4 70 dy, mm 8
9 |0, ultimate tensile strength in bolt |o, bolts A4 70 Table B.4 Oy bolts N/mm? | 700
10 |Actual number of bolts Ny, 1 10
11 |e,/d = bolt spacing/d e,/d=48/8 a,/d 1 6,00
o0, bulkhead/plating QX GRP 1 = 0,4 |Annex C ISO 12215-5:2019 2
12 O_zt - 119 N/mm2 kBB = 0‘95 kAM = 0’9 O'utbulkh N/mm 102
13 2- RESULTS OF CALCULATION
14 |Total|R, rig Y (R,v1 + Ryy2) ignoring angles N 59980
15 |Req H, connect chainplate /structure Sum R, rig x S connection to N 86'371
structure
i Table D.10 < 2 of Figure D.9 a) for kybp = Oubpy
16 1Kubp 7 Tubp/Tup bolt spacing Oup ; 2,00
17 |Ultimate shear stress in bolt 7, bolt = 0,58 o, bolt T, bolt N/mm? | 404
18 |Fu /bolt (shear plane out of thread) |F, =1/4 x dy? x Ty o1 F, N 20 4(8
19 |Ultimjate bearing stress of the plate |7ub =_mm(0ubp = Kabp X Oup; ash N 104p
Oubb = Kubb X Oub)
20 |Bearipng force/bolt in plate dy x t, x oy, Fy, N 66 540
21 |Min b bolts (if bolt shear only) n{= ny 1 4,23
22 Mln_ nb bolts (if bolt bearing in n, 1 0,77
chainppl)
23 |Req R, conn force to structure F connection Frep N 86 371
24 2.1 CALCULATION FOR 500 KG/M3 PLYWOOD Bl{b@\f{AD 12 MM WITH 10 M8 BOLTS A2 70
25 |Plyw¢od density P kg/m3 500
26 |Bearipg strength in plywood Oupp = 0,11 x (1-0,01d) x p Eurocode Oubb N/mm?2 | 50,6p
Initial plywood thickness From TableA.13,t, =7
27 | (Tablp A13 ISO 12215-5:2019) D, =7X16=12,6 o mm | 12,0p
28 |Bearipg force/bolt in bulkhead Fi sy x tyy X oupp Fiq N 4 85B
29 Beari|ng force without extra plate Fyr=Fpq % Ny, Fyr N 48 576
30 |Nb offbolts required in bearing foxty,"| ny, = F,Cp/Fp1 N1 1 17,4
Req tptal local plywood thickness ]
31 (no frjiction) Lokr mm 213
32 |Extrgplate 320 x 160 x 12 Ehka mm 24
33 |F extfa plate to bulkhead F=Fpep (tp2 — tp1)/th2 N 37 795
34 |Req plate area tybond =3 N/mm?2  |Table B.1 of SO 12215-6 Aplatereq| mm? | 12598
35 |Actudl area of'thé extra plate 320 x 160 x 12 Aplateact | mm2 | 512(0
36 |Compliancedfactor on gluing Cr glue 1 4,1
37 % ) Strength calculation for plywood bulkhead with friction coefficient
38 |Friction coefficient ke 1 0,40
39 |Tensile stress ona A2-70 boltat0,7 o, |0, = 0,7 x 450 Seh N/mm? | 315
40 |Core area of screw M8 pitch 1,5 mm |Ag = 1/4 (d-0,938p)? A mm? 34,14
41 |Compressive force/M8 boltat 0,7 o, |0, x Ag F, N 10 754
42 |Friction force of 10 bolts Fp=Fcxkgx Ny, Fre N 43016
Bearing force without extra plate +
43 | friction force Fyr+ F, Fyp+F, N 91 592
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Table D.8 (continued)
44 2.2-CALCULATION FOR A SANDWICH BULKHEAD
45 Balsa core (reinforced by plywood in way of chainplate) with 1 Rovimat R 800 M300/Polyester each side
aty =0,319
46 Local Reinforced by 1,0 kg Qx 1 = 0,5 t/w = 1,225 each side 150 x 200 initial wide under chainplate/back-
ing plate
Thickness Rovimat 800 x 300 with t¢/w = 1,58 for 1) = 0,411 (Table C.11
47 1150 12215-5:2019) ERy mm | 3,16
48 |0, Rovimat 800/300 O,cnM OcnM N/mm? | 163
49 |0, Rovimat 800/300 OubRM O4bRM N/mumd | 245
Thickness Qx with t/w = 1,225 at
5 % =50% tQx mm 2,45
51 |0, Qx Annex C of ISO 12215-5:2019 OucBD N/mm3 144
5% |o,, Qx O ubBD a,lseb N/mmi| 216
53 |Bearing force/bolt in bulkhead Fy = dy % (ty1 X Oubp1 + tokz X Oubp2) El ok N 10 415
54 |Bearing force for 10 bolts 10 Fipka N 104 146
51 2.3-CONNECTION TO THE STRUCTURE BY QUADRIA)'(I@LAMINATED ANGLES
5 Safety factor for laminated chain- Table 4 Sk " 144
plate —
Shear force to transmit to the F connection = Total R
Y
] |structure chainplate x Sp u Frce N 86371
58 |Length of connection // to force From Figure D.57a) Leonn mm 1250
59 |Shear flow each side Force / L conft/2 q N/mm 41
tu angles Annex C ISO 12215- . R _ 9
60 15019 = 0,4 with kgg=0,95 and k, ), = 0,95 TuQx N/mm 57
61 |t/wQxanglesy =0,4 t/w 1 1,63
62 |Required thickness of angles treq angles Qx = q/7,oy tangRM mm 0,72
63 |w (mass) of dry Qx w = tangle/(t/w) w angle kg/m? 0,44
64 | 74 bond polyester Table H.5 of ISO 12215-5:2019 Tdbond N/mm3 3
6% |Shear flow each side Force/L onn/2 q N/mm 41
66 |Width of angles Width = q/t4 bond Wy, mm 14
Comments to Table D8
The required ultimate strength of the connection chainplate/bulkhead is 86 300 N. The|proposed
10|M8 bolts in‘a’12 mm plywood bulkhead 500 kg/m3 only allows 48 600 N. If one does ndt consider
fri¢tion, the solution is either to use 20 bolts in the 12 mm or to add a reinforcing plywood plate
329 x 16012, this doubles the bearing force at 97 200 N > 86 300. One shall note that plywood, with
itsfalternate layers is much stronger than plain wood.
Ho

plywood that allows the load to be transferred to the structure without any additional plate.

The same logic is applied when bolting a chainplate in FRP sandwich.

Sraie 3o oo Lbaylda./Jd 1gr-a Boidar +h foiorio 1.1 i+l Friot: oo ££3 03 ot Vt 05
VEVCT,IITally ounaCT J OCSTEIICT S COTISTUCT CriC T ICTIUTT 10at; vv ralr a 11 1 truTT COCTTICTCTIT up (0] ) n

The lower part of Table D.8 calculates the load transferred by laminated Qx angles, which only requires
0,44 kg/m? Qx, but it would be wise to have 2 angles of 300 g/m? with a total 20 + 20 gluing/laminated
width each side, as the bulkhead is not only loaded by chainplate and is also loaded as a frame.

D.4.3 Welding of chainplates

Welding a chainplate of a metal craft shall be made following first the general requirements of Clause 10,
ISO 12215-6:2008 gives some details on welding, and ISO 12215-9:2012 also gives “established
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practice” methods, particularly its Annex F for fatigue issues. This is particularly true for aluminium as
its welding can bring stress raisers.

For arrangements of the type shown in Figure D.6, where the lug does not extend below the deck, the
breaking loads may be estimated as follows.

Weld attaching the lug to the base plate: Fj;imate = Iy X @ % 0,57 x 0,

Base plate securing bolts:

NOTE 0,57 =1/4 x 0,852

where
L, mm is the
a mm is the
oy | N/mm? is the

The weld ptrength formula is also suitable for the case of a plate welded to a metal bulkhead or s

shell/tranjsom.

D.4.4 Cgmplex chainplates O

In additioh to strap-style
analyse. Ajngle bracket wi
with rolle

Fultimate = Nb x ax0,57 x de X Oyt
total length of the fillet (on both sides if double); Qfl/
throat size;

%/
ultimate tensile strength of weld or bolt material. N

OQQ

ch@@ates, other types are commonly seen which are more complicated
i€ bar is one example. The most common ‘complex’ is the stem head fitt

ide

to
ng

Figure D.7 — Typical stem head fitting

This cannot be analysed by simple formulas with any certainty. The lug part may be analysed using
Clause D.2, but the holding down bolts, bending and shear stresses in way of the roller and the stress in
the stem tang require either a numerical method able to cope with the structural redundancy or some
indication of the load distribution between the components.

60
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A pragmatic approach would be to make an estimate of the load sharing based on the relative sizes of
the components and then treat these in isolation, e.g. stem tang under tension as per Clause D.2, tripping
about the aft most bolts for bolt stressing and simple bending of the ‘cantilevered’ roller bracket.

D.5 Method limitations

The simplified methods presented in this Annex are intended to be used in support of practical
experience and do not pretend to be able to predict actual stress distributions. Simple methods of
analy51s neglect load eccentr1c1ty Poor allgnment renders the foregomg methods liable to greatly

thgt friction may make a significant contribution to the load capacity of the chainplate; aitl
mdy decrease with time unless bolts are regularly tightened. The effect of the backing pla
ha$ been implicitly allowed for in the assumption of uniform loading of bolts and-in calcy
bearing strength, see Clause D.2.

D.f
to

"Established practice” strapped composite chainplates'and their conn
the structure

D.6.1 General overview

It §s more and more frequent in performance sailing craftto have composite chainplates
und a rig pin tube/bushing and laminated or glued dixectly to the hull, bulkhead or tra

sulpstantial area with, where relevant, additional double bias (DBx) plies to spread the load b,
algrger area. Simple formulas offer limited scope for analysis, and it is strongly recommende
terlsile tests on a representative sample.

Th
lar
in

str
st

s clause gives recommended "established practice". The safety factors against rig str
per than for metal chainplates (see Tables 3 and 4) for UD straps as there is a stress con
he straps in their path around the.pin bushing. For the connection between the straps an
ucture, the safety factor/design strength is similar as for metal chainplates i.e.1,5 tim
ength for metal rig, with however two main issues:

the knowledge of the "actual” strength of the glued or co-cured joint;

the fact that on a glied connection the stresses are not even in the whole gluing area but c
at the beginning'and the end of the glued connection along the load axis.

This explains that.the final actual gluing area divided by the design loads corresponds to a
colpservative shear stress.

Th
m3

al

nufacturers, but other methods are possible provided they respect the design loads of T

Yq although

ough this
fe/friction
lating the

jection

wrapped
hsom. It is

mon to use layup consisting of mainly unidirectionial fibres, which are glued or laminated over a

y shear on
d to make

ength are
centration
] the craft
es the rig

ncentrate

seemingly

method described in this clause corresponds to the method applied by several dlesigners/

hble 3 and

follow)sound engineering.

NOTE

Strapped chainplates constitute a rather new subject. The practice of various designers/builders differ,

so that the practice is not yet fully established. This is particularly true on the amount of BDx in relation to UDs.

D.6.1.1 General

Strapped chainplates are made of mainly UD straps made of glass or carbon composites laminated
around the bushings holding the pin(s). The pins are usually "barrel” pins acting as a knuckle to allow
the required swivelling in the 3 directions. Unless specific design, the barrel axis is perpendicular to
the rig element load axis. The barrels are ended with flanges at each end to ensure that the UD straps do

not slip sideways.

Strapped chainplates can be simple or multiple, i.e. made to hold several rig elements.
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Strapped chainplates may be applied on single skin or sandwich plating/bulkhead and laminated or
glued on both sides or only on one side. When chainplates are laminated on the inside, which allows
a better aspect on the outside plating, one has to add a wedge allowing the plies to join without a
significant peeling effect.

The lamination of the plies around the bushing requires some skills. Several sources recommend a
dry or wet-preg of the plies without infusion as the vacuum bag tends to make wrinkles that in their
turn make wrinkles in the UD straps, to be avoided in any case. It is also a usual practice of some
manufacturers to insert the UD plies in a DBx "sock" that holds them together and helps transferring
the load to the structure.

A composjte block is inserted between the deck and bushing. In case of straps on one side only, i(t is
recommend to position the straps on a jig having the shape of the hull, plus a high density foam wedige
as shown|fin Figure D.8 b), then to connect it by gluing with epoxy structural adhesive whete cured,
or co-cur{ng where uncured with a vacuum bag secondary bonding. If glued, vacuumbagging is
recommel]ded, having holes in the strap laminate to be glued to allow air escaping.

Positioninfg a stiffener or bulkhead in way of the chainplate allows both a stiff hulhinrthat area and|an
efficient IJad feeding into the structure by shear flow.

There arefusually two main types of strapped chainplates: either straps parallel to rig axis (see D.6.1.2)
or straps dlistributed as a fan (see D.6.1.3).

Additional] DBx plies (double bias) are added before and after gluingthe straps, the purpose being to
"feed" thelUD load outside its area into the surrounding laminate,‘@hd to ensure the shear stress in the
inside /outside plating is within design shear stress. The amount of DBx follows usually a ratio of [l g
of DBx foil 5 g to 8 g of UD, it needs to be increased if the ayailable plating height is limited (windpw,
accommodlation, etc.) and needs in that case a specific assessment outside of the scope of this Annex

D.6.1.2 S$traps parallel to the rig load axis, see Figitre D.8 a) to c)

Two multitlayer composite (glass or carbon) straps; each one with a width B, are laminated around fhe
two bushipgs holding the pin.

These straps are mainly made of UD plies-aligned with the rig load main direction, with a width|W,
(total width of two bushings) with additional DBx + 45° plies with the same material at a ratio defined
in Table D9.

The usual|arrangements are either symmetric, i.e. attached on both sides of the structural element{on
which it i§ connected, or asymmietric, i.e. attached only on the inside or outside:

a) the stiraps are symmetrical around the - single skin or sandwich - hull plating or bulkhead. This
usually needs locakthinning of the core and fairing to have a good outside finish;

b) the straps arevonly connected one side of the structural element, laminated on a wedge. |An
insidd conneected chainplate allows a smoother finish of the outside hull but adds some tractjon
perpendicular to the structural element that needs to be limited.

In Table D.9:

— The safety factor against ultimate Sgy; in Table D.9 is 3,6 (row 26) for UD plies and 1,52 (row 37) for
gluing connection as recommended in Tables 3 and 4. These are minimum values and additional
safety margin is recommended.

— The ultimate stress values of 7, of glue/co-cure is usually taken as 30 N/mm? for epoxy glue, 25 N/
mm? for vinylester and 15 N/mm? for polyester.

— For definition of plies lap, an additional safety factor of 1,5 is used to consider stress concentration
at the lap ends.
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