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reword

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.
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Introduction

The reason underlying the preparation of this document is that standards and recommended
practices for loads on the hull and the dimensioning of small craft differ considerably, thus limiting the
general worldwide acceptability of boat scantlings. 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 operated at a speed appropriate
to the prevailing sea state in a safe and responsible manner, having due cognisance of the prevailing

conditions

Implement]
watertight

ation of this document allows to achieve an overall structural strength that ensures

the scantlings of a craft as per minimal requirements. It is not intended to be a structural de

procedure
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for deterig
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Like the ot]
craft up to
yachts witl

nical property data supplied as default values in this document make noe’explicit allow3
ration in service nor provide any guarantee that these values cap' be obtained for
craft.

24 m Ly, but it can also be used, where relevant, for nof-pecreational craft, workboat
1 an IMO load line length of up to 24 m, with the necessary critical mind.

the

and weathertight integrity of the craft. This document is intended to be a toolto deternpine
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Small craft — Hull construction and scantlings —

Part 7:
Determination of loads for multihulls and of their local
scantlings using ISO 12215-5
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modlulus in (N/mim?) (1 N/mm? = 1 MPa).

2

Scope

t with a hull length (L};) or load line length of up to 24 m (see Note). It considers all p

rdance with ISO 12217 (all parts). Scantlings corresponding to the local design pressur
bssed using [SO 12215-5.

E The load line length is defined in the OMI "International Load\Lines Convention 1966/2
maller than Ly for craft with overhangs. This length also sets up at 24 m the lower limit of

Fentions.

5 document is applicable to multihulls built from thexsame materials as in ISO 12215-
dition, and of the two following types:

recreational craft, including recreational chartervessels;
commercial craft and workboats.
not applicable to multihull racing craft.designed only for professional racing.

5 document is applicable to the-structures supporting windows, portlights, hatches,
doors.

the complete scantlings of‘the craft, this document is intended to be used in conjun
12215-8 for rudders, ISO 12215-9 for appendages of sailing craft and ISO 12215-10 for ri
httachment in sailingcraft. [SO 12215-6 can be used for additional details.

kg), forces in {N), moments in (Nm), Pressures in (kN/m?) (1 kN/m?2 = 1 kPa), stresses

Normative references

5 document defines the dimensions, local design pressures and global loads.acting on multihull

arts of the

t that are assumed watertight or weathertight when assessing stability,freeboard and buoyancy in

bs are then

005", it can
several IMO

b, in intact

deadlights

ction with
b loads and

oughout this docunient, unless otherwise specified, dimensions are in (m), areas in (n?), masses

and elastic

The

Fn]]rm\n'ng documents are referred to in the text in such a way that some or all of th

eir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO

8666:2020, Small craft — Principal data

1SO 12215-5:2019, Small craft — Hull construction and scantlings — Part 5: Design pressures for monohulls,
design stress, scantlings determination

ISO

12215-8:2009, Small craft — Hull construction and scantlings — Part 8: Rudders

ISO 12215-9:2012, Small craft — Hull construction and scantlings — Part 9: Sailing craft appendages

ISO 12215-10:2020, Small craft — Hull construction and scantlings — Part 10: Rig loads and rig
attachments in sailing craft

©IS
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ISO 12217-1:2015, Small craft — Stability and buoyancy assessment and categorization — Part 1: Non-

sailing boats of hull length greater than or equal to 6 m

ISO 12217-2:2015, Small craft — Stability and buoyancy assessment and categorization — Part 2: Sailing

boats of hull length greater than or equal to 6 m

1SO 12217-3:2015, Small craft — Stability and buoyancy assessment and categorization — Part 3: Boats of

hull length less than 6 m

3 Terms and definitions

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

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

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

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

3.1
multihull

craft with fwo or more hulls with a connecting wet deck (3.8)/crossbeamSybove the loaded water]

as opposed to a tunnel boat or scow
Note 1 to enftry: See Clause 6 and Figure 2 for the main dimensions of a multihull.

3.2
design categories
description of the sea and wind conditions for which a craftis assessed to be suitable

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

Note 2 to enfry: The definitions of the design categoxriesare in line with the European Recreational Craft Direg

2013/53/EU.
[SOURCE: [SO 12215-5:2019, 3.1.]

3.3
loaded digplacement

My pc

mass of wpter displaced by“the craft, including all appendages, when in fully loaded ready for

condition

Note 1 to enftry: The fullyloaded ready for use condition is further defined in ISO 8666.
[SOURCE: ISO 12215-5:2019, 3.2.]
3.4

122}

ine,

tive

use

mass in mimmum operating conditions

m
oc
mass of the craft in minimum operating condition

Note 1 to entry: The minimum operating condition is further defined in ISO 8666.

3.5
sailing craft
craft for which the primary means of propulsion is wind power

Note 1 to entry: It is further defined in ISO 8666.

Note 2 to entry: In this document, non-sailing craft are considered as motor craft.
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[SOURCE: ISO 12215-5:2019, 3.3]

3.6

beam of hull

By

beam across the outer hulls

Note 1 to entry: The measurement of the beam of hulls is specified in ISO 8666.

3.7
chine beam

Bc Ln
beam at chine of planing hulls

Notg 1 to entry: It is further characterized in 6.1.2.

3.8
wefl deck
underside area of the structure connecting hulls with an area greater than's % Ly; By

Note 1 to entry: Some multihulls (3.1) have no wet deck but just crossbeams, i-e; Connecting beams.

3.9
craft speed
%4

for motor craft, maximum speed in calm water and m; . condition that is declared by the mapufacturer,

expressed in knots
[SOPRCE: I1SO 12215-5:2019, 3.6.]

3.10
displacement craft

motor craft whose speed is such that V <5/Ly.
[SOPRCE: ISO 12215-5:2019, 3.7, modified - the definition is reworded.]

3.11
displacement mode

modle of running of a motor\craft in the sea such that its mass is mainly supported by buoya

Note 1 to entry: This is'the case where the actual speed in a seaway in m; . condition is such th

length ratio makes the-craft behave as a displacement craft (3.10).

]cy forces

t its speed/

[SOPRCE: ISO 12215-5:2019, 3.8, modified - in the definition, "craft" is replaced with "motor|craft".]

3.12
plahing craft
mofof-¢raft whose speed is such that V >5,/Ly,

Note 1 to entry: This speed/length ratio limit has been arbitrarily set up in this document, but it can vary from

one craft to another according to hull shape and other parameters.
[SOURCE: ISO 12215-5:2019, 3.9, modified - the definition is reworded.]

3.13
planing mode

mode of running of a motor craft in the sea such that a significantly part of its mass is supported by

forces coming from dynamic lift due to speed in the water

Note 1 to entry: A planing craft (3.12) in calm water runs in planing mode, but it can be obliged to significantly

reduce its speed when the sea gets worse, running in that case in displacement mode (3.11).

© IS0 2020 - All rights reserved
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[SOURCE: ISO 12215-5:2019, 3.10, modified - the definition slightly reworded and "craft" replaced with

"motor craft".]

3.14

non-walking area

area of the craft comprising those areas defined in the owner's manual as being both outside of the
working deck and where people are not liable to stand or walk in normal or emergency operation, and
those of the working deck of a multihull (3.1) with an inclination of more than 25° against the horizontal
in the longitudinal and transverse directions

Note 1 to entry: All other areas of the working deck, cockpit bottom and superstructures are deemed to be

walking areas.
4 Symblols
Unless speifically otherwise defined, the symbols shown in Table 1 are used in thissxdocument. [The
symbols arle shown by group type and in alphabetical order.
Unless othgrwise specified, all dimensions, measured in m; ¢ condition, are acfording to ISO 12217
Table 1 — Symbols, dimensions, factors, parameters
Reference/
Symbol Unit Designation/Meaning of symhol Clause
concerndd
General dimensions anddata
Bgy m Beam between hulls as defined in Tablexd 61 Fig2 &
Annex D
B m Chine beam at 0,4 Lyy;, from the origin used for kpyny1 and Pgyup gask %]11 ,F_g_zil §
Bcg m Beam between centres of bioyancy F_Té’_zﬁ &
Bep m Beam between upper shrouds chainplates Annex B
Bypy m Beam at the inside’of wet deck/beam connection with hulls at sectionx |6.1.3 & Fig?
By m Beam of hull according to 3.6 6.1 & Fig2
B oni m Beam at ovérhangroot, n = F(fwd) M(mid), A(Aft), and i = H(Hull), F(Float) | Table 11, Fig 9
Looui m Length-of everhang, n = F(fwd) M(mid), A(Aft), and i = H(Hull), F(Float) |Table 11, Fig9
Dpon m Depth)of hull at overhang root Table 11, Fig 9
Dy, Design Waterline plan or section 6.1.3, Figurp 2
hgipEx m Height of mid panel of cockpit side or stiffener below overflow level Table 5 it. 1p
Hgyypy m Height of mid panel or stiffener above the lesser of Zgpruyx OF Zspamx Table 5 it. 1p
Lc; m Length of crossbeam i Table 11, Fig 9
Lgg m Length between main beams centre of inertia Annex B & C
Ly m Length of hull 1
Lg1.oAT m Length of a trimaran float 9.4 & Fig9
Lyt m Length of waterline Fig2
mipc kg Mass of craft in fully loaded condition 33,9
Myo kg Mass in minimum operating condition 34,11
Tc m Max canoe body draught (see Figure 2) Fig2,9.3
4 Knots |Craft maximum speed in m; . condition 3.9, Table 5it. 2
Panels, stiffeners and local dimensions and data
Ap m? Panel or stiffener supported area Table 5it. 9
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Table 1 (continued)
Reference/
Symbol Unit Designation/Meaning of symbol Clause
concerned
b mm Small unsupported dimension of panel plating Table 5 it. 9
| mm Large unsupported dimension of panel plating Table 5it. 9
s mm Stiffener spacing (small unsupported dimension of stiffener) Table 5it. 9
I, mm g:ifiiezgeerg length: long unsupported dimension of stiffener (frame/ Table 5 it. 9
Q, Point at section x where the pressure is assessed Eighres 2 & 3
T, m Local canoe body draught at section x (see Figure 2) Fig P
X m Distance of a section x from aft of Ly, Figp, 9.3
. 0x m Height of point Qy above Dy, at section x FigP, 9.3
Z 1y m Height of local canoe body above Dy at section x (usually <0) FigPR, 9.3
Z o« m Height of local hard chine above Dy at section x for planing.craft FigPR,9.3
ZkpaFx m Height of actual side/deck limit for trimaran float at section x FigP, Table 4
Z§pTMx m Height above Dy, of the theoretical side/deck limif.at'section x Fig P, Table 3
ZipAMx m Height above Dy, of the actual side/deck limitat section x FigP, Table 3
ZwbTx m Height above Dy of the theoretical wet deeck.beight at section x FigP, 9.3
ZWbax m Height above Dy, of the actual height ofwet deck at section x FigP, 9.3
sk @ 15| Degree |Longitudinal and transverse angle of Superstructure at section x FigP, Table 5
o} wpx Degree Longitudinal_ slope angle againsthorizontal of wet deck or deck/cross- Fig$, Table 5 it9
FLpx, beam at section x
By Degree |Deadrise at section X, of planiig craft, not to be taken <30° nor >60° FigPR, 9.3
Bo.4 Degree |Deadrise of planing craftat section x/Ly,;, = 0,4, Figp, 9.3
Calculation data, factors, etc.
kAR 1 Area pressure distribution factor TabJe 5 it. 9
Rewp 1 Wet deck transverse pressure distribution factor Table 5it. 6
e 1 Design category factor Table 5it. 1
KDRx 1 Deadrise pressure reduction factor for planing multihulls in planing mode | Tabje 5 it. 8
bYNM g’s Dynamic load factor for multihulls, see Figure 4 Table 5 it. 2
Ki pMx 1 Deck longitudinal pressure distribution factor for multihulls Table 5, Fig 4
K1 Mx 1 Side longitudinal pressure distribution factor for multihulls Tabje 5, Fig 3
M v« e Side longitudinal pressure distribution factor for trimaran float 9.4l
kv« 1 Deck longitudinal pressure distribution factor for trimaran float 9.4.1
Ky wik 1 Wet deck longitudinal pressure distribution factor Table 5, Fig 5
Keiipe 1 Superstructure/deckhouse pressure distribution factor for multihulls | Tabje 5 it. 10
kg, 1 Slope factor respectively kg, or kgp, for deck and wet deck, see Figure 8 |Table 5 it. 11
K7pMx 1 Vertical pressure correction for deck where Zgpya vy < Zsprmx Table 6 it. 1
k 1 Inner.side/b(?ttom vertical pressure correction factor in way of wet deck Table 6 it. 3
ZMIx for sail and displacement multihulls -
K 1 Outer and inner side/pottom vertical pressure correction factor clear of Table 6 it. 2
ZMOx wet deck for sail and displacement multihulls -
k 1 Inner si(_ie/botto_m verFical pressure correction factor in way of wet deck Table 7 it. 3
ZPMIx for planing multihulls in planing mode -
K 1 Outer and inner s_ide/bott-om ve_rtical pressure correction factor clear of Table 7 it. 2
ZPMOx wet deck for planing multihulls in planing mode -
kzwpx 1 Wet deck vertical pressure correction factor Table 5 it. 7
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Table 1 (continued)

Reference/
Symbol Unit Designation/Meaning of symbol Clause
concerned
Design pressures for sailing and displacement motor multihulls
Pauusase | KN/m? CBjsfrglrﬁzilure for sailing and displacement catamarans and trimarans Table 6 it. 1
Pemux kN/m?2 |Design pressure at lowest point of section x Table 6it. 1
Pwpy« kN/m? |Design wet deck/crossbeam bottom design pressure at section x Table 6 it. 1
Ppmusase || KN/m? |Base design pressure for deck and cockpit bottom Table 6 it~1
Ppmux kN/m? |Design pressure for deck and cockpit bottom at section x Table®\it! 1
Pumuix kN/m?2 |Inner design pressure in way of wet deck/crossbeam at section x Table® it. 3
Pumuox || KN/m?2 |Outer and inner design pressure clear of wet deck/crossbeam at section x}¥able 6 it. 2
Psupmx kN/m? |Superstructure and cockpit side design pressure at section x Table 6 it. 4

Design pressures for planing multihulls in planing mode

P;Al";‘ép kN/m?2 |Base bottom design pressure for planing multihulls in planingmode Table 7 it. 1
Pumuips || KN/m? ig%ﬁggfiiggrr;ggisjrggé;xaz of wetdeck/crossbeam for planing multihulls Table 7 it. 1
Pivvors || KN/m? | o et deck crossbeam atsectionx - e o Table 7 it 2

Design pressures for trimaran floats
Prrrpase || KN/m2  [Base bottom pressure for trimaran float(same as for central hull) Table 8
PrrEx kN/m? |Bottom/side design pressure for trimaran floats at section x Table 8
Stresses, shear forees and moments
Oy Tg N/mm?2 |Design stress for global loads Table 12
q N/mm |Shear flow such as T = g/t Tables C.1, £.3
Mg Nm, kNm |Bending moment, desigh.or ultimate Annex D
Mo Nm, kNm | Torsional moment, design or ultimate Table 14
F N,KkN |Force, shear force Tables 14, 15

5 Application of this.document

5.1 Materials

The mater]als considered in this document are the main modern building materials listed in Clauge 1
and Table 17 of1S012215-5:2019. This document may be used with other materials, including new filpres
and resins|ptevided that they show similar cohesion, durability, resistance to marine environmentfnd

2040

: i | 1 =1 + Je Lo n IR TR | 4.7 Vol FaVa W Wa Ya N N -
elongatlon dU OTEJK a5 UIE OIIES qUULEU IIT IdDIE 7 O 15U I221T3-372UT7.

5.2 Limitations

The shape of multihulls entails that significant deflexions are observed without rupture of structural
elements. In contrast, non-structural elements (i.e. accommodations) are sometimes stiffer, but not
necessarily stronger, than the structural elements and can suffer from this difference of behaviour.
This is not considered in this document provided the structural elements are strong enough. The
strength and arrangements of non-structural elements are left to the responsibility and experience of
the manufacturer.

On multihulls, the value of the loaded displacement m; . has a greater influence on the loads than for
monohulls. Exceeding the m; - value can cause significant load increase which can transform a craft
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meeting the requirements of this document into a non-conform craft, for example a lower wet deck
clearance induces a much greater pressure. Overloading shall therefore be avoided, and a caution
information shall be included in the owner's manual, see 15.2.

5.3 Overall procedure for the application of this document

Table 2 describes, by steps, the overall procedure of this document for scantlings determination.

Table 2 — Overall procedure for scantlings determination

StepN© Subjl:t.t Clause N
1 Main dimensions, data and areas 6
2 Dimensions of panels and stiffeners under local loads 7
3 Local pressure adjustment factors 8
4 Local design pressures 9
5 Further analysis of structural elements subject to local loads 10
6 Multihull rudders, appendages and their wells 11
7 Multihull global loads 12
8 Structural arrangements for supporting global loads 13
9 Multihulls used as commercial craft and workboats 14
10 Information to be included in the owner’s manual 15

6 [Main dimensions, data and areas
6.1] Dimensions and data

6.1/1 General

Thg dimensions are usually the same asin ISO 12215-5:2019, many of them being as defined i ISO 8666,
see|Table 1 and Figures 1 and 24The figures show sections at any longitudinal coordinate x| measured
from aft of Dyy; and some values‘like By, By, etc. shall be taken as the average values of By, Bpyy
etc.|For clarification, data thatvary with length x are followed by index x.

6.12 Bottom deadrise of the hulls fx and chine beam B x of planing multihulls
Figlire 1 explainslo¢al chine beam B, and deadrise determination for planing craft at any spction x:

— |where the,bottom hulls sections of planing multihulls are approximately straight lines, the deadrise
is theactual deadrise S, [see Figures 1 a), b) and d) and at right part of Figure 2 c]], and

— |where the bottom has round bilges, the deadrise f5, shall be measured as the angle between lowest
nn\nf- afthabull bhaottar (hall contralina) and +ha nn1ni— w\y]'\ara i—]na ]r\nff-nm ictanagant o o lne angled

OTITC Ot e o T D O Tt O (IO T COTI e O o oo o oo toIr S TretoT™

50° from horizontal [see igure 1 c) and at right part of Figure 2 c)].

For planing multihulls that reach speeds allowing them to progress in planing mode (3.13), the chine
beam B and corresponding deadrise angle f, ,, measured at x = 0,4 Ly, from their aft end, are used for
the determination of kpyyy and bottom pressure of planing multihulls Pgyy gase-

Where the bottom of a planing catamaran is not symmetrical, as in Figure 2 g), the bottom has an angle
P, on the outer side and f,; on the inner side. In the inner side, the deadrise factor kpy defined in item 8
of Table 5 lowers significantly the design pressure.

© IS0 2020 - All rights reserved 7


https://standardsiso.com/api/?name=a48779e2505d561f7ca61ffe91d3b1b0

ISO 12215-7:2020(E)

G G, Cy CL
\ \ 2, |
B./2 f - B./2 f U B./2 f B./2
a) b) 0) d)
Figure 1 — Measurement of chine beam B, and deadrise angle 5,
6.1.3 We¢tdeck bottom

See definit

For catamj
Figure 2 b)
80 % of its
with a wid
these pane
inside the
Table 5.

Where diffj
the wet de

For sailing
cutting it a
above its b
which the
where the

For motor
sailing trin

NOTE ’

when beatifg upwind andwhen it is close to upright when running.

6.1.4 Cr

ons of wet deck in Table 4.

rans: the actual local height of the wet deck Zyyp,, at section xyis its height above Dy
. Where the wet deck bottom height is not constant, it shall be taken as the average heig}
width inside the limits of its connection with the hull plating Bgyp,. Where there are p
th greater than 0,33 By, and with a height differing by more than 10 % from Zyp,,, €ag
s shall be assessed as a specific panel. By, is the beam'of the wet deck, averaged if varig
hngle or fairing/connection with the hulls, it is used for the calculation of kg, in item

erent from horizontal, the angles of the wet deck bottom oy, , against the horizontal incrg
k pressure of the wet deck or crossbeams, see item 11 of Table 5 and corresponding figur

trimarans, the wet-deck height is measured perpendicular to a sloped plan angled from [}
C;, and atx = 0,5 Lyy;, and the floataXis at key point 17 of Figure 2 d) to e) at the height Z
ottom; see left part of Figure 2 d} This point 17 needs not be taken higher than the poiy
float is dipped in the waterin.sail configuration S.; of ISO 12215-10 (apparent wind sp
Full sail area begins to be teduced).

trimarans, the wet-degk height is measured perpendicular to the same sloped plan as
narans but angled.$g’that point 17 is taken at a height 0,5 Zy above the float’s bottom.

'his sloped plan.for trimarans considers the "envelope” of the waterline both when the craft h

bssbeams

see
1t of
h1rts
h of
ble,
b of

ase

WL,

WDT
tat

eed

for

eels

Crossbeani

sfor catamarans and trimarans are defined in Table 4.

For local loads, the front and bottom parts of crossbeams lower than Zy;1, are considered as part of the
wet deck bottom, and the parts above are considered side or deck whether they are below or above Zgp 1y«
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>0,04 Ly

LASH

11 .
ZSDAMX
ZSDTMX . |

|

z | ’

Qx Qx |
0 _D_WL i/ [/
ZTX <0 \i TC

b) Typical sailing catamaran, view at main section and any section x
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By
Bcg
| _,'\
11 / |
Z3DAMx | et l —
ZspTmix i B,b]" |
Za Qx i | o | oax |
| | |
0 N\ Dw - 4 WD LK E D
Ve <0 50° S j Zeg< 0
o ' 2 Te
By 1 Be,

c) Typica] motor catamaran, view at main section and any section x (round bilge/hard chingd)

4 11

ZSDAMX

ZsDTM
M
X

d) Typical sajling trimaran, view at mid-section x/Ly;; = 0,5
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e) Trimaran with merging crossbeam, end 1 f) Trimaran with merging crossbeam, end 2

B:/2

g) Non-symmetrical planing hull'section

Keyp

1 | bottom area (planing) 10 Zgpruy theoretical limit side/deck

2 | bottom/side area (non planing) 11 Zgpamxactual limit side/deck

3 | deckarea 12 protéeted aft bulkhead/superstructure (if 20,04 Ly;,|see Table 5,
ite’10)

4 | wetdeck/crossbeam bottom area 13 mmainsheet bulkhead/crossbeam (sailing multi)

5 | superstructure side area 14 mast bulkhead/cross beam (sailing multi)

6 | superstructure top area 15 side of trimaran float

7 | bottom front of wet deck (angle a;yyp,) 16 sloped plan between C; at 0 and height Zypry

8 | front of deck (angle a;,) along float C; at section x/Lyy;, = 0,5

9 | front of superstructure (dngle ag;) 17 point defining the end of the sloped plan

Figure 2 — General dimensions of a multihull

6.2| Areas

The hulldeck and superstructure are divided into various areas: bottom/side, wet deck/cfossbeams,
deckand cockpit bottom, cockpit sides and superstructure, see Figure 2.

The "theoretical” hull/deck connection height Zgpty, is defined in item 1 of Table 3. Above this height,
the side pressure is considered to be the deck pressure to avoid penalizing the structure of craft with
a high freeboard. In contrast, below Zgp1\, the deck pressure and side pressure are increased as more
prone to be submerged or subject to wave shocks, see Tables 6 and 7. The hatched area in Figure 2 a)
represents the outer plating subject to bottom/side pressure Pgyyuy-

Figure 2 b) shows a section of a typical sailing catamaran, whereas Figure 2 c) shows a section of a
typical motor multihull, the right part is the one of a typical, hard-chined planing catamaran and the
left part, a section with round bilges. The bottom/side pressure Pyyuox O Pumuopy (in displacement or
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https://standardsiso.com/api/?name=a48779e2505d561f7ca61ffe91d3b1b0

ISO 12215-7:2020(E)

planing mode) applies up to the Zgrpy, line, i.e. the hatched area in Figure 2 a). This applies to the outer
plating or the inner plating not in way of the wet deck/crossbeams.

NOTE According to the multihull design, the Zgp 1\, line for the theoretical side/deck limit can be above or
below the actual height. Zgy 1y, Figure 2 a) shows a cruising catamaran with Zgpavy > Zsprmxe

The "theoretical” wet deck height Zy,r, line is defined in item 2 of Table 3. Above this height, the
pressure lowers slowly with freeboard and below this height, the pressure raises quickly when wet
deck height is closer to the waterline, see k;, in Table 5.

Table 3 — Height of theoretical hull deck connection and wet deck connection
according to Ly,; and x/Lyy,,

1- Theoretical height of hull/deck connection ’(19"
Zsrpuy = (0,028 6 x Lyp + 0,115) /Ly, + 0,057 1 Ly, + 0,229 (m) A
Ly, ) 8 | 10 | 12 | 14 | 16 | 18 | 20 | N2 | 24
Values of Zgrpy x at section x according to Ly, and x/Ljyy
0,00 0,69 0,80 0,91 1,03 1,14 1,26 137 1,49 1,6p

j=—)

X/Ly, 0,50 0,86 1,00 1,14 1,29 1,43 1,57 171 1,86 2,0
1,00 1,03 1,20 1,37 1,54 1,72 1,89 2,06 2,23 2,4
2- Theoretical height of hull/wet deck con ion

Zwptx = (0,018 6 x Ly + 0,074 8) x/Lyy, + 0,037 Q\QL +0,148 9 (m)

Ly, () 8 | 10 | 12 | 14 | 16¢f 18 | 20 | 22 24
Values of Zy,pr  at section x @ecording to Ly, and x/Lyy,
0,00 0,45 0,52 0,59 0,67 0,74 0,82 0,89 0,97 1,04
X/Lyy, 0,50 0,56 0,65 0,74 0,84 093 1,02 1,11 1,21 1,3
1,00 0,67 0,78 0,89 1,00 1,11 1,23 1,34 1,45 1,5

=

)

(o))

Table 4 deffines the various areas of a multihulk:

Table 4 — Definition of bottom/side, transom, wet deck and crossbeams deck, cockpit and
superstructure areas

1-Sailing craft and motor-catamarans in displacement mode, see Figure 2 b) and 2 c)
Arg¢a \%\J Definition

Outside”wet deck/crossbeam area, anywhere from lower limit of T, up to Zspruy[the
"theoretical limit" side/deck connection, or actual side deck connection Zgp 5\, Whichgver

Bottom/ thélower.
side + trangom

[=3

In way of wet deck/crossbeams: from lower limit of T, up to actual wet deck/crossbgam
bottom connection/fairing or Zypt,, whichever the lower.

Lower horizontal or near horizontal area of the craft structure located above hull sidp. If

Deck and ¢ "kpit thereareseveraldeck lmmlc itistheloweroneattheconsideredsection—Where 7bUA <4 SDT
bottom itis subjectto bottom/SIde/transom pressure, otherwise it is subject to deck pressure (see
Tables 6 and 7).
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Table 4 (continued)

Wet deck/
crossbeams

Area between the intersection of inner bottom/side with centre hull of trimaran or other
hull of catamaran, where not permanently below Dy, at actual height Zy,, Or average
height if differences of height. Also, any area with an angle <15° from the horizontal pro-
truding more than 0,2 m from the inner side of a catamaran or trimaran float or central hull
shall be considered subject to the wet deck pressure. Other such areas with another angle
or less and protruding less than 0,2 m are part or inner hull sides or trimaran centre hull.

Byp is the beam of the wet deck, averaged if variable, inside the angle or fairing connection
with the hulls.

R isthe beam of the wet deck at its connection with the hulls qvprnopd if variable, i.e.

outside the angle or fairing connection with the hulls. If there is not famng or[connection
Bwp = Bgy-

2-Motor catamarans in planing mode, see Figure 2 b)

Area

Definition \

Q\/

Bofjtom

Where 8, < 20° and where local chine is below Dy, .: up to local chine Z,.

Where 8, > 20° and/or where local chine is above Dy .: up'to'Dyy; . This is the fase for the
bottom/side plating on the inside in Figure 2 g).

Sid¢+ transom

Above the local chine Z_, or Dy, whichever the lower,

ng‘Etl:)?r?d cockpit Same definition as for sailing and motor displacenmrent multihulls.
Wef deck/ Same definition as for sailing and motor, displacement multihulls.
crogsbeams
3-Sailing and motor trimarans,see Figure 2 d) to 2 f)
Area \‘g\v Definition

Main hull: bottom,
sid¢ and transom

Same as for catamarans (item 1¥or sailing/displacement and item 2 for planing|) and meas-
ured with the craft uprightiSee Note a in Table 7 defining Bc for trimarans.

Wef deck/
crossbeams

For sailing trimarans Zyp, is measured perpendicular to a sloped plan defirjed in 6.1.3,
see Figure 2 d) rights

For motor trimarans Zy,p,, is measured perpendicular to the waterline, craftfupright.
For trimarans, Bgy is as defined for catamarans, except that it is measured between the

main hull andthe floats, whichever the greatest value being chosen, where not symmetrical,
and copsideéring possible main hull bulges, see Figure 2 d).

Trimaranfloats

Fortheouter sides and inner side of floats outside of wet deck/crossbeams drea, the ac-
tualheight of the intersection between side/bottom and deck, see key 4 in Figure 2 c), is

called Zgp 5y (height of actual float side/deck limit) and is measured along th
perpendicularly from float bottom.

Where the bottom of the wet deck/crossbeams bottom does not merge wit|
sides of floats, the pressure of the inner side of floats is considered as for the

Where the bottom of the wet deck/crossbeams bottom merges with the inner sig

e float axis

h the inner
uter sides.

es of floats,

the inner float pressure is calculated as Py OF Pymuipx it Table 6 or 7.

Fig Ul T 2 C) Cllld f) DhUVV dcta;}o Uf L,a}\.,u}atiuu Uf thc h‘:;shtb (aud thcl CfUlC l_ressure) Of
the inner side of float where the wet-deck/crossbeams merge with the inner plating of
floats. Point Q, is the intersection of the extension of the wet-deck/crossbeam before the
fairing radius with a line parallel to the float axis extending the float plating. This point
defines the height Zyyp,nqx, Where the wet deck/inner plating pressure is calculated, as
per Tables 6 and 8.

CAUTION — As the hull/float pressure increases in way of wet deck/crossbeams areas, the scantlings shall vary
progressively longitudinally forward or aft the wet deck/crossbeam limit.
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Table 4 (continued)
4-Cockpit and superstructure of catamarans and trimarans
(see 3.14 for the definition of non-walking areas and item 10 of Table 5)

Area Walking area Non-walking area
Cockpit bottom, bench top Yes No
Cockpit side No Yes
Superstructure front Depends on angle, see 3.14 Depends on angle, see 3.14
Superstructure side Depends on angle, see 3.14 Depends on angle, see 3.14
Superstruckure top including upper tiers Yes, unless s,pecified in No, unless specified in

the owner’s manual the owner’s manual

7 Dimensions and pressure for panels and stiffeners under local loads

7.1 Gen

Apart from
of panels a
and pressu
at hull/floz
side at wat

particularly its Clause A.7 (panel across several areas) and istbased on several possible meth

weighted ¢
thickness,
pressure o

bral

it centreline to side/deck actual limit, i.e. there is no sharp,variation between bottom
erline or chine. The pressure applied to a panel followsthe logic of ISO 12215-5:2019

verage pressure and constant panel thickness, or*variable pressure with variable p

f the area it supports.

7.2 Example of application on multihulls

7.2.1 Se

Figure 3 sh
comments

14

Ctions

ows examples of panel sectipon analysis for sailing and displacement multihulls; details
are given in 7.2.2.

specific details between monohulls and multihulls (e.g. presence of wet deck), the dimens
hd stiffeners shall be determined according to ISO 12215-5:2019; Same for natural stiffefers
re determination, except that for multihulls the pressure varies‘constantly from the bot

FEM, etc. The same approach is used for a stiffenér whose loading is proportional to

ons

tom
and
and
hds:
hnel
the

and
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Zspamx
D 8
ZSDTMx D3} | Zsprux
=]

Q3x

ZSZ3x

ZTX<O

a) Section clear of wet deck

ZSpAMx_A,

b) Sectionjin‘'way of catamaran wet deck

[
Pas :
: & &
F GWe | v Q?&
|
|
_ _‘ iW _ _
o\l
Qs
bg Qib%

c) Two natural stiffeners plus side deck/angles
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C7

Key
1
2

theoret]

Z of hul
wet de(

Fig

7.2.2 D¢

The pressulre on a panel or its stiffener is not constant;even if it is only in one area, as the pressure va

with its siZ
for wet de
areas, its f
methods.

7.2.3 The constant averaged pressiuire method

The "const
calculated

In Figure 3
the distand

ZSDTMX

ZSDAMX

>0,8 R

e) No natural stiffener except
side/deck angles

d) One natural stiffener plus
side/deck angles

ical hull deck limit defined in Table 3

| /wet deck intersection taken at the intersection of the tangent to the hill at Bg;; and the tangent tg
k at Bpy/4 from C;,

pure 3 — Example of panel assessment for sailing and'displacement multihulls

tails on panel assessment and dimensions

e (ksg), longitudinal position (k; ), and vertical position (k;), with additional correct
'k beam (kgyp) or longitudinal angle (ks,). Where a panel or stiffener extends over sev
inal design pressure and corresponding scantlings may be determined by several posg

hnt averaged pressure’ method determines a constant pressure over the entire design a
hs a weighted averagebetween the pressures, as explained in the following examples:

b left: first ofall;"determine x, the distance of the mid-section from the aft end of Ly,
e from flotation of the following points:

height ef'the theoretical side/deck limit

height of the actual side/deck limit

the

ries

ons
bral
ible

Irea,

hen

Zr

X

st4x

height (negative) of the bottom at centreline

height of the outer intersection of the wet deck with the hull of a perpendicular to the chord

by, at its middle. This chord is the part of the chord b, inside the side/bottom area, the other
part of the chord by, is in the deck area, above theoretical side/deck limit. The pressure is
calculated according to Table 6 at point S,

The final plating pressure P, on the outer side is Pj4 =

(PLsax bsa )+(PLpax bpa)
by

with b,=bg,+bp,, where

Ppi g4 is the plating pressure on side/bottom plating and Pp;, is the deck plating pressure. Same
method for the left side of Figure 3 a).

16
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As explained in ISO 12215-5:2019, the scantling of the panel b, may be determined from the pressure
Pp, considering the curvature correction for camber c, for the whole panel b,

The right side of Figures 3 a) and b) shows examples with a stringer, and how to calculate the pressure
of the panel or its stiffener with the same averaged pressure method.

The height of the connection between the wet deck and the hulls is normally its actual connection
height or, the intersection of the tangents to the hulls and wet deck, see Figure 3 b). Where there is no
clear intersection or tangents as in Figure 3 b), it shall be taken as the outer intersection of the wet deck
with the hull with the tangent to the wet deck at Bgy;/4 from C; .

NOTE The disadvantage of this method 1S that It IS COnservative for the upper part of the nullsgructure and
nonfconservative for the rest.

7.214 Other assessment and dimensioning methods

A ppssible alternative solution is to calculate first the scantlings of the whole, panel as if itjwas below
watlerline, then the scantlings of the whole panel if it was above Dy, or @bove Zgpry,. THen use the
bottom scantlings below waterline and lower scantling in the upper parts (playing, for example, on
skin thickness), ensuring that the pressure at any point is not lower than-required by Tables 6 or 7. This
method is explained in A.7.3 of ISO 12215-5:2019.

Mofe developed methods such as FEM (Finite elements meéthods), as explained in Clause 11 of
[SO|12215-5:2019 may also be used to determine the final panelscantlings with variable prgssure.

7.2]5 Panels acting as "natural” stiffeners

The analysis is the same as explained in Clause A5 of ISO 12215-5:2019 where a part of the section
corfesponds to the inscribed circle with a radius R < 0,4 times L diagonal, with ar inscribed
chord > 0,8 R. This section can therefore be considered as a "natural” stiffener, the curve(s)|or chine(s)

acting as "natural” stiffener(s).

FigIre 3 c) shows a section with twotich "natural” stiffeners. Figure 3 d) shows a limit case with
only one natural stiffener, for relatively narrow section. Figure 3 e) shows a "squat" sectionf where the
radjus is too large to act as a natural stiffener, and the panel shall be calculated as section with chord
b, and camber c. The large valte.of camber c allows a small value of the curvature correction factor k¢,
defjned in ISO 12215-5:2019-

NOTE The hull/deck-or hull/wet deck connections are usually considered as natural stiffeners 3s they fulfil
the fequirements of this.subclause.

7.3| Other topics on panel or stiffener dimensions

For|other topics on panel or stiffener assessment, e.g. rectangular grid, non-rectangular pangls, natural
stiffenerSyetc. see ISO 12215-5:2019.

8 Local pressure-adjusting factors

The final local design pressure is adjusted by a set of factors, adjusting the base pressure according to
design category, boat type, location, etc. as defined in Table 5:

— The design category factor kp is the same as in ISO 12215-5:2019, see item 1.

— The dynamic load factor for multihulls kpyyy has the same purpose and logicas in ISO 12215-5:2019
but has been adapted to multihulls, see item 2; it has a direct influence on the bottom pressure of
sailing and motor craft, and it has an indirect influence on all pressures as the values of its k; , for
hull and deck are connected to it.

— The longitudinal pressure-adjusting factors kyy, Kipmy, and kpwpy defined in items 3, 4 and 5,
consider the variation of pressure loads due to location in the craft, respectively for hull, deck,

© IS0 2020 - All rights reserved 17


https://standardsiso.com/api/?name=a48779e2505d561f7ca61ffe91d3b1b0

ISO 12215-7:2020(E)

and wet deck. The fore and aft overhangs have the same value as k; of ISO 12215-5:2019 at their
respective end of the waterline but are extended outside of Dy, . Figures 4, 5, and 6 show computed

values

of these factors.

vertical pressure variation on wet deck or crossbeam bottom. For the effect of k;p, see 6.2.

The transverse and vertical pressure-adjusting factors for wet deck kg and k;yp consider the

The deadrise pressure-adjusting factor kpp considers that deadrise reduces the pressure when a

planing multihull slams without heeling. kp applies at any section x and is a function of the bottom
deadrise angle f,, measured according to Figure 1. It lowers the bottom pressure if , > 30° and is
equal to 0,5, its lower limit is for 5, = 60°; see item 8.

The pr

The pr|

NOTE1
seaway whi

NOTE2 1§

The sulperstructure pressure is adjusted from the deck pressure by kg ;p, see item 10.

essure in front of d

pssure in the front of wet deck is adjusted by kg, probably with a different angle, see iten

'he deadrise pressure-adjusting factor is not applied in ISO 12215-5:2019 as_monohulls move
e heeling whereas multihulls are considered to pitch without heeling.

or clarity, the factors and dimensions that vary with x have an index

Table 5 — Values of pressure-adjusting factors

eck is adjusted by the front slope factor kg,, see item 11.

11.

in a

Remark: A

Il dimensions are defined in Table 1.

1-Design category factor Kj¢

Design cate

bory as defined in 3.2

A B C D

Values of kj

C

1,0 0,8 0,6 0,4

2-Dyn

lamic load factor kj,

ynu for sailing and motor'multihulls in displacement or planing mode

I

efinition

Formulas/specifications

Sailing multihulls

2
2,5><LWL

0,66
mipc

kpytim = that shall not be taken <1 nor >2

Displacemg

nt motor multihulls

kpynm =1

Planing mo
planing mo

kpynm shall

kDYNM
kDYNM

kDYNM
kDYNM

tor multihulls in
de

be taken as:2
<3,or

>3

Ly, V% xB¢

10x B,

Mypc

where B, is, for catamarans, taken as the sum of the chine beams for both h
and B, , is the value of 8 for x/Lyy|, = 0,4, not to be taken less than 10° nor m
than 30°, or

0,5xV

k =
DYNMM2 =~ 77

mype

where kpyny1 2 3 but not to be taken > 6

llls
ore

a The valu

ofk

is considered to not he hicher than 6: when running in rouch sea _the crew nsually li

hits

DUTINIVT

the speed to keep the slamming accelerations within acceptable comfort a
surpassed for "heavy duty" workboats, see Annex J of [SO 12215-5:2019.

(=] (=4

nd safetcy limits. This limit of 6 may be

18
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Table 5 (continued)

3-Longitudinal pressure distribution factor for side/bottom k; ;,, see Figure 4

General formula for k; y;,

kipe = (1,667 —0,222x Ky )xLL+o,133><kDYNM but not taken >1, where
WL

shall be taken <0 for aft overhangs and
Ly,
>1 for front overhangs, even if kj ;, is <1

For sailing and displacement

1l

Use formula above with kpyyy =3 (k1 e =0,4 for x/Lyy,, = 0)

Jesilo
mofgor-murctrs

Forlplaning multihulls in plan-
ingjmode

Use formula above with 3 < kpyyy < 6 according to kpyyy calculatioh

4-Longitudinal pressure distribution factor for deck k; ., see Figute 5

Motor craft

k; pmx same as kyy; for displacement craft using k pyyp=-3

Sailing craft

For —— <0,6; kppyy =0,4+——
Ly, Ly,
For —— > 0,6;k pyy =1+2,5% (kpyny <1)%| —— —0,6 |where
Ly, Ly,
L taken <0 for aft overhangs.and >1 for front overhangs, see Figure 5.
WL

5-Longitudinal pressure distribution factor for wet- deck/crossbeams k; ., see Figurje 6

<

alue of kyywpy

X
kywpx =0,416——+0,5 for

a <0,6 and k;yp, =1,25 X for

Ly, Ly, Ly, Ly,
with k;ypy nOt to be taken >1,25

6-Transverse pressure distribution factor for wet deck and crossbeams kg,

kgwp = 1,3 Bgy /Lwy, + 0,39 where, Bgy, is defined in Table 4 and Figure 2.

7-Vertical pressure distribution factor for wet deck and crossbeams k., see Figure¢ 7

N

For kzyp use the formulas er
Figlire 7 with interpolation be-
twgen values

where Zy,pa, and Zypry are respectively the actual and theoretical wet deck height defined in Table 3 gnd Figure 2

0,8

VA VA

where —WDAX > 1 Kywpx =Max ZWDTx. :0,5 | and
ZWDTx ZWDAx

1,5
z z
where —WDAX 1 kwpyx =min ZWDTx. ;2
ZWDTx ZWDAx
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Table 5 (continued)

8-Deadrise pressure reduction factor k., see Figure 1

90—

X

kprx =

angle at section x.

with 0,5 <kpg, <1,i.e. 30< B, <60 where f3, is defined in Figure 1 as the transverse deadrise

CAUTION — kpg, Only applies for bottom of planing multihulls.

9-Pressure reduction factor due to area k,p

kp ><O,1><m?r',1,~5

General formula for k,p

13 =
AR 403
D

not to be taken <0 nor>1

CAUTION — k,j is different for plating
and stiffeners.

Values of kg

For bottom

side and deck plating and stiffeners of planing motor craft
in planing mode

kR=1

For bottom side and deck plating of sailing craft, displacement motor
cifaft and planing motor craft in displacement mode

kg=15-3x10"%xb

motor cra

For bottpm side and deck stiffeners of sailing craft, displacement
t and planing motor craft operating in displacement mode

kp=1-2x10"%x1,

Values of design area Ap, (m?)

Hor plating

Ap = (I x b) x 10-&not to be taken > 4b2x10-6

Far stiffeners

Ap = (I, x s) x 1076 but need not be taken <0,33 ;2 x 106

tively the s
NOTE Thi

Where b and I (mm) are respectively the small and large diménsions of a panel, and s and lu (mm) are respeq
iffener spacing and unsupported length, see ISO12215-5:2019.

document considers that the local pressute-diminishes when the area of a panel increases, as th
panel is subjject to an average of high slamming loads-on small areas and lower sea loads on larger areas. Th
approach i based on usual practice which is netwalid for panels with a large aspect ratio, i.e. I/b >4. In case pf
large aspedt ratio, the pressure and scantlings'ean be smaller than acceptable in terms of safety, particularly
for planing|craft, unless Ay is taken = 4 b2x10-6.

v @

10-Superstructure, c,o@ft and deckhouses pressure reduction factor kg,

Position of panel

Value of kg(;p, motor and sail

Walking area Non-walking area
0,3H 0,3H
Front off superstructures max| 1— SUPx ;0,67 max| 1— SUPx ;0,5
cosay gy XZgnTMx cosay gy XZgpTMy
0,4H 0,4H
Side of puperstructures max| 1 — SUPx ;0,67 max| 1 - SUPx ;0,5
€osOrgy XZsnTMy COSOpgy XZsHTMx
Side of "open" cockpit 0,67 0,5

Side of "closed" cockpit

Use kgyypy 0,67 or 0,5 as above
and check that the cockpit pressure is 210 x 2/3 x hqpg,

i - 0,5H 0,5H
Top of Slilrl?ef;;léittl;gfss’ includ max| 1— SUPX_.( 50 max| 1— SUPX_.( 35
g 0,067 Ly 0,067 Ly
Non-protected aft side of 06H
. . b O gypy
superstructures, including Not relevant - see max| 1-—————;0,35
upper tiersb 0,067 Ly,
Protected? aft side of super- 07H
structures, including upper Not relevant - see b max| 1— ——SUPx_ ;0,35
tiersP 0,067 Ly,

20
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Table 5 (continued)

where

Hgypy (m) is the height of mid panel above the lesser of actual side /deck limit Zgp i, OF theoretical value Zgpy
(see Table 3);

hgipgy (M) is the height of the middle of cockpit side panel below overflow level, see Figure 6 a) of ISO 12215-5:2019.

Angles a; and aq are respectively the longitudinal and transverse angles of the faces (or their tangent when
curved) against vertical (see Figure 1).

a Protected means protected from full force of waves" by permanent top, awning, etc. whose vertlcal projection

b Hanel on non-walking areas.

11-Slope factor kg, for deck and wet deck/crossbeam, see Figures 2 a), 8 and sketch below

kspk = min [1/cos (o p,); 1,5] for @y, >0 or <0 for deck/crossbeam top,
kswpx = min [1/cos (apywpy); 1,5] for a; . >0 or <0 for wet deck or crossbeam bottom.

where q; , is either a; ,, for deck/crossbeam top or a;p, for wet deck/crossbeam\bottom, the local Ipngitudinal
angle measured from the horizontal, see sketch below.

Thiks coefficientapplies to any longitudinal angle in the deck/wet deck and incréases the deck or wet degk pressure
where different from horizontal, whether upwards or downwards.

Forsimplicity kgp, or kgypy Shall not be measured/applied where a;.~<10° and kg, reaches its upper |[imit at 40°.

Where the local bottom is a curve the angle shall be the one of the/chord between two adjacent horifontal stiff-
endrs against horizontal, see figures below.

For|front of superstructure see kgyp, in item 10 of Table 5 fer angle a;s.

5 4 Key

,KLSX>O

front of wet deck angle ¢;wpx
front of deck angle a; p,

top of deck angle a; =0

front of superstructure fngle a; g,

(
=
U A W N

top of superstructure arjgle a; ,s~0

NOTE 3  The ceneept of limiting kpyyy (i.e. the vertical acceleration due to craft speed in moderate sea state)
recdgnizes that oirmotor craft running in rough sea, the helmsman usually limits the speed to keep thhe slamming
accglerations'within acceptable comfort and safety limits for the crew. See 15.5.

NOTE 44 ‘Figures 3 and 4 only represented 3 sets of values of kpyyy. For other values k. or k;puy are
detgrntined either by calculation, according to the respective formulas of items 3 or 4 of Taljle 5, or by
interpolation in Figures 3 or 4.

NOTE5  Like for monohulls, kpyyy has an influence on the longitudinal distribution one bottom/side pressure
for fast motor craft that can jump on a wave and land in any position, increasing thus the aft pressure. Sailing
craft with a high value of kpyyy, also has a “dynamic” behaviour and can dig the front deck and stem into the
water explaining the increased value of k; py, in that case.
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Figure 4 + Value of k|, for bottom/side of all multihulls and k| ;,j¢for deck of motor multihulls
according to kpyyy and as a function ofx/Ly,;.
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Figure 5 — Value of k; j, for deck of sailing multihulls according to kpy\\ as a function of x/Ly.
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Figure 6 — Value of k;,, as a function of x/Ly,,.
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Figure 7 — Value of k;,, as a function of zy,,/zypr
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Figure 8 — Value of kg, as a function of o,
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9 Local design pressures

9.1 General

For sailing and displacement multihulls, the bottom/side/transom design pressures for catamaran
hull and trimaran main hull and floats are linearly interpolated, using k;yyox O kzmuiw factors, with
height between the pressure at local deepest point Zy, of the canoe body and the deck pressure at
theoretical hull/deck limit Zgyry. Like for Tc, the deepest point T, excludes appendages. Where there
is an appendage (skeg, keel) the measurement of bottom of T, shall be measured as the prolongation of

the hull sides (least tangent as in ISO 8666.)

For planing
and floats
interpolate

I multihulls in planing mode, the bottom pressure for catamaran hull and trimaran main
s constant up to chine Zc or Dy, whichever the lower. Above that limit the side pféssur
d between 40 % of the bottom pressure and deck pressure at theoretical hull /decklinit Zg;,

In a given fransverse section the deck pressure is a function of ky ., k1. pmx Kzpmx @aNd kpsy, Whereas|

bottom/sic
interpolate

The conne
pressure.

9.2 Lim]

The deck/q
lowest hor
and deck

e is multiplied by k; .. This document calculates separately Pgyyy Pupx Pomux and t
s the final inner or outer bottom/side pressure Pyyyox OF Pymuix USINg Kyiox and Kyyvuik

‘tion/fairing of wet deck/crossbeams with the hull sides is subjectto wet deck/crossbe

ts of areas

ockpit bottom pressure is mostly due to waves, green.water or people mass and applies to
zontal areas exposed to weather, which is above the upper limit line between side presg
ressure located at theoretical side/deck limit Z&\, defined in Table 3. Where the ac

side/deck limit Zgp, v, is above this limit, the side pressure applies, adversely where Zgpamx < Zsp

the deck p
Zspamx att

Superstrud

ressure is increased, see Tables 7 to 9. For.eockpit bottom, Z,, need not be taken less
e same section.

ture, deckhouse and cockpit side pressures apply for other areas than deck, their press

hull
e is
TMx*

the
hen

the
ure
fual

' Mx’
han

ure

correspondl to the adjacent deck pressure multiplied by kg;;p, or minimal pressure according to itenp 10

of Table 5.

9.3 Tables defining the local design pressures for multihulls

All local dd
Table 6 def
— sailing

motor

sign pressures areexpressed in kKN/m?2.
ines the bottomy/side and wet deck pressure of
catamaramshulls and central hulls of sailing trimarans, or

catamarans and central hulls of motor trimarans in displacement mode.

Table 6 al

s;; dpplies to planing motor catamarans and central hull of trimarans when sailing in catego

and B conditi
without excessive shocks.

ﬂyA
ode

Table 7 defines the bottom/side and wet deck pressure of motor catamarans and central hulls of motor
trimarans in planing mode.

The bottom and side pressure of planing multihulls of design categories A and B shall be taken as the
greater of the ones for planing and displacement mode. This applies to hull(s) and, where relevant,
floats of trimarans.

Table 8 defines the bottom/side pressure of trimaran floats, sail or motor.

24
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Once the pressures are defined according to Tables 6 to 8, the average or interpolated pressure on a
panel or stiffener shall be calculated according to Clause 7, and the local scantlings assessed according
to Clause 10.

Table 6 — Design pressures for sailing and motor displacement catamarans
and for central hulls of trimarans (kN/m?2)

Sailing and motor displacement catamarans and central hulls of trimarans

Pressures with index x are calculated at section x, pressures without index are base pressures or general minimum
pressure, which are independent of the position in the craft.

1-Base pressure for bottom/side, deck and cockpits A

) Pgyyx = max (Ppyy pask * Kar * Kpc * Kumy Pmugmin) with
Diesign pressure at lowest

pojnt of section x of bottom/ | Pgyy gasg = (2 mg'gg + 18)><kDYNM ,and
side or transom

Py Py min prr = max [(0,3 mypc®33 + 0,66 Ly, x kpe) * kihwy310Tc ; 7] fqr plating
X

Ppmux min str = max (0,85 Pgyux min pur > 51 for stiffenfers

. P =max (P X Kan X knexk x k x k x k ; Pynd where
esign pressures for wet WDx (Pemu ask * kar * kpc * kpwpx X Kzws ™ Kswp * Kswpx; Pwpimin)

o

pck/crossbeams bottom | Pyypy vy prr = Max [(0,3 mypc®33 + 0,66 Ly, xkp) x kv, 7] for plating, and

Pwox Pwpymin prr = Max [(0,85 Pypy min prps 2)140t stiffeners

Ppmyy= max [(Ppuy pase * Kimx ~ (PeuGBasE * Kumx~Ppmu Base * Kupms) * fizomx]* Kar
x kpc * Kspy; Ppymy min) With

Base and design pressures | p _ (O 375 1033 +9) O
fon deck and cockpit bottom DMU BASE LDC

Ppmux Kkzpmx = Min [(Zox = Zr)/Esprmx ~ Z1d;1] and;
Ppmumin = 5 for walkingiareas, and 3,5 for non-walking areas for plating and stiffeners

For cockpit bottom,\Z,,, need not be taken less than Zgp,\;, at same seftion

CAUTION — In the following calculations of Piyij0x O Pemuiyx fOT @ panel/stiffener, the calculations of Pgy, and
Pppux shall be made with the k, ; value of this;panel/stiffener and not the ones of the actual deck or bottom panels.

2-Outer and inner design p@‘{ll‘e clear of wet deck at a point Q, of sectionxand Z = £,

Interpolated between pressure at bottom of local canoe body 7, and "deck pressure at Zgp iy

Design pressure for outer :
ind inner side/transom 4 RHMUOx = [Pemux ~ (Pemux ~ Pomux) X Kzmox] with

Clear of wet deck or crosss 1Kkyyoy = min [(Zoy — Z1,)/ (Zsprmx ~ Z14)51] and
beam

PHMUOX

3-1 design pressure in way of wet deck at a point Q, of sectionxand Z =7,

Interpolated between pressure at bottom of local canoe body T, and wet deck pressure

where yy values apply, where relevant, for Pgyy, O Ppyux

Dlesign préssure for inner Pyumuix = [Pemux = (Pemux = Pwpx) * Kzmid with

bottomyside/transom kzwiy = Min [(Zoy - Z1)/ (Zwpax - Z1)i1] and
In way.of wet deck or cross-
beam where yy values apply, where relevant, for Py, OF Pypy

PHmux Valid up to beginning of connection/fairing with wet deck; Py, applies above.

4-Superstructure and cockpit side design pressure

Superstructures and cockpit Psypmx = max ([Ppyyy pase * Kar * Kpc % Kipmx * Ksyp 5 Psyp min) Where ;
side design pressure kgyp is defined in item 10 of Table 5, and;
Psypmx

Psypmin = 5 for walking areas and 3,5 for non-walking areas, for plating and stiffeners

See Figures 1 and 2 and Table 4 for the definitions of Z;, i.e. ZyX, Zsprmy Zspamx Z1x ZWDTx, ZWDAx.
Zy s the height of point Q at mid-panel or stiffener above waterline or chine, see Figure 2.

Zc4is the height of the chine above waterline, and Zgpy 1\, and Zgp s vy are respectively the height of actual and theo-
retical hull deck limitabove waterline (see Figure 2 and Table 4), all values considered at distance x from aft of Ly, .
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Table 7 — Design pressures for planing catamarans and central hulls of trimarans

in planing mode (kN/m?2)

Planing motor catamarans and central hulls of trimarans in planing mode

CAUTION — For planing multihulls in design categories A and B, the design pressure for side, bottom, wet deck
and deck shall be taken as the greater of planing (this table) or displacement (Table 6) as in these conditions the
craft needs to progress in the seaway in displacement mode.

Pressures with index x are calculated at section X, pressures withoutindex are base pressures or general minimum
pressure, which are independent of the position in the craft.

1-Base and design pressure for bottom, wet deck/crossbeams and deck of planing multihulls

i plaming mode —
Pgyupx = max (Ppmup pask * Kar* Kumx® Kpr :Pemux min) with
Bottom|planing design 0,1m | pc 05
pressufre at section x Pemup BasE = —X( 1+k pe XKkpynm ) a
PEMUPx L1, *Bc
Appljesup to Z¢, Pgmux min pur = Max [(0,3 my %33 + 0,66 Ly x kpe) x kyyy ;108 7] for plating
Pemux min str = Max (0,85 Pgyux min purs D) for stiffeners
Base and flesign pressures | Pypy = max (Pgyypase * Kar * Kpe * Kuwpx X Kzwpx * KewXKswpx ; Pwpxmin) where

forwet diglz{g;r(:SSbeams Pypx min prr = max [(0,3 mypc®33 + 0,66 Ly, x kpc)% Kiyy s 7] for plating, and
Pypx Pwpy min str = Max [(0,85 Pypy vy pus 5)] for stiffeners
Ppymux = max([(Pemy pase * Kumx ~(Pemu Base2Kwst x ~ Pomu Base™ KoM * kzpmxl *[Kar
x kpc % kspx ;Ppmu min) Wit
Base and flesign pressures | p o o= (0 375 m]?gg .,.9) and

for deck anpd cockpit bottom

Ppmux kzpmx = min [(Zoy = Z1y)/ (Zsprmy <Z14);1] and;

Ppmumin = 5 for walking areasgand 3,5 for non-walking areas for plating and stiffeners

For cockpit bottom, Z,, peed not be taken less than Zgp, i, at same section

For planing multihulls P bottom is constant up to chine or Dy, whichever is the lower.

CAUTION —- In the following calculations of Ppyiyox Or Pgmuix fOr a panel/stiffener, the calculations of Py, fnd
Ppumux shalljpbe made with the k, ; value of this panel/stiffener and not the ones of the actual deck or bottom parjels.

2-Outer dnd inner side/bottom «of section x interpolated be-
tween 0,4 bottom planingpressure at chine height Zy and deck pressure at Zgp 1y,

Pyyoopx = [0,4 Pemupx — (04 Peyupx ~ Pomux)* Kzpmox] With
K7phox = min [(Zgy = Z¢,)/ (Zsprmyx — Zex)s1] and

*

Design pfessure for outer
and inner hottom/side/tran-

som
Clear Ofwf)tegrerfk Or Cross=iwhere y;y values apply, where relevant, for Pgypy OF Ppmux
PLivuop where Z, is the local chine height defined in Figures 1 and 2 and Table 4

3-Inner side/ bo;@) design pressure in way of wet deck crossbeam atapoint Q of sectionxand Z=Y¢,
Pymuipx = [0,4 Pmupx = (04 Pemypx = Pomux)* kzpmix] with
kypmix = min [(Zo, = Zc )/ (Zwpry = Zcy);1] and

where y values apply, where relevant, for Pgyypy OF Ppyux

Design pressure for inner
bottom/sidteftransem
In way of wet deck or cross-
beam

PHMUIPX

where Z, is the local chine height defined in Figures 1 and 2 and Table 4

Valid up to beginning of connection/fairing with wet deck; Py, applies above.

4-Superstructure and cockpit side design pressure

Design pressure for super-

structures Psypmx = max (Ppyy pask * Kar * Kpc * KLpmx * Ksups Psupmx min) With
and ‘}?Ckplt side Pgypmmin = 5 for walking areas and 3,5 for non-walking areas for plating and stiffeners
SUPMx
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Table 7 (continued)

See Figures 1 and 2 and Table 4 for the definitions of Z; i.e. Zy,; Zsrpmy Z1yw Zwpx-

Zy is the height of point Q at mid-panel or stiffener above waterline (W} or chine see Figure 2), Z, is the height of
the chine above waterline, and Zgpp, and Zgp, v are respectively the height of actual and theoretical hull deck
limit above waterline (see Table 4 and Figure 2), all values considered at distance x from aft of Ly .

a For the purpose of this formula, B = B¢y + B, for catamarans and B¢ = B¢y + 0,58 for trimarans (B of centre
hull + %2 beam of one float) even if this may differ from ISO 8666.

9.4 Design pressure for trimaran floats Prpp,

9.4]1 Pressure reduction factors

— [The pressure reduction factors k; yy, and kp; i r for trimaran floats shall be detenmined rgspectively
like ky iy and kpp v, but replacing x/Ly, of hull by x/Lg; gar where Lg gar isthe length ¢f the float,
see Figure 9c¢) and d).

— |The pressure assessment explained in 6.1.3, Table 4 and Figures 3 dJ, e} and f) shall be[performed
depending whether Point 17 of these figures is above or below Zgj3x, when the float i immersed
according to item 3 of Table 4.

9.4]2 Pressure

The design pressures for trimaran floats are defined in Table 8.

Table 8 — Design pressures-for'trimaran floats (kN/m?2)

. ,Qkail and displacement craft

Same pressure Py, for sides and Py, for wet deck/crossbeams bottonf as for sail/
motor displacement.tatamarans, but with Zyyp1y, Zwpaxw Zspe Zspary a§ defined in

Trimaran floats Table 4 and Figtite 2 d) to f), i.e. where the wet deck/crossbeams intersedt or not the
Displacement/planing | float sides
bottom/side/transom . N Planing craft in planing mode

bage and design pressures :
8P Samepressure Pyyypy for bottom, Pyyypy for sides and Py, p, wet deck/¢rossbeams

bottornh as for planing catamaran in planing mode, but with Z.,, Zypte Zlvpax ZspTxe
Zspaty as defined in Table 4 and Figure 2 c) to f), i.e. where the wet deck/¢rossbeams
intersect or not the float sides

CAUTION — As the hull/float pressure increases in way of wet deck/crossbeams areas, the scantlings shall vary
progressively longitudinally forward or aft the wet deck/crossbeam limit.

Forjall other data<and calculations, Tables 6 or 7 apply, where relevant.

9.5 Design pressure on watertight bulkheads and integral tanks

The d€sign pressure on watertight bulkheads and integral tanks is according to ISO 12215-5:2019.

10 Further treatment of structural elements subject to local loads

Once the local pressures are defined, ISO 12215-5:2019 shall be used to check the structural elements
subject to local loads, i.e. plating, stiffeners, etc. This includes the modification of b, Ap, kyg and
pressures for hard chined sections using Annex A of ISO 12215-5:20109.

The design stresses and design analysis of structural elements subject to local loads are those of
[SO 12215-5:2019; optional recommended minimum single skin or sandwich thickness are those of
Annex I of ISO 12215-5:2019.

The design stresses and design analysis of rudders and appendages are specified in Clause 11, those of
rig elements and their connection to the structure are specified in [SO 12215-10.
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Where the global loads defined in this document increase the stresses in structural elements subject
to local loads, these stresses shall be combined and still comply with design local stresses defined in

[SO 12215-

5:2019.

11 Assessment of multihulls rudders, appendages and their wells

The loads on rudders, centreboards and non-ballasted appendages shall be assessed according to

ISO 12215-

8 with the modifications defined in Table 9.

Table 9 — Rudder and apppndagpc loads and their wells

SV

1-Rudder load on sailing multihulls

ISO 12215-B shall be applied, except that the rudder force shall be modified as follows:
m 1/3

Fims = 23 X| Ly, * kgga % ki p? * kgap % kysg * 4, with k;  modified as follows: k;p =Ly, / . (;"205
NOTE myy, is used instead of m; ¢, because in minimum operating condition, the speed‘ef'multihulls is laijger
than on monohulls and is the criterion for rudder scantlings.

2-Rudder load on motor multihulls (,\‘O
ISO 12215-B shall be applied.

3-Non-ballasted appendage loads on sailing ‘@ihulls
ISO 12215-P shall be applied except that, if the speed is not known, it shiall be taken as V = 3'2XL(\)/'\/5L (%]
with k; , asimodified above. This also applies to foils.
4-Centreboards or@if’wells

The design|pressure below Dy, of centreboard wells shallbe at least 10 T¢.
For slidingfdaggerboard type centreboards or foils itds.a good practice to reinforce the aft bottom of well/hull
to avoid dajnage in case of longitudinal shock on thelappendage, e.g. floor, extra laminate, UD belt, crash box, ptc.

12 Multihull global loads

12.1 Gen

The ISO 1
assessmen
local loads

NOTE ’

12.2 Typ

bral

P215 series has been developed with the idea to keep structural analysis and scantl
s as simple aspossible, considering that, for small craft, the loads to be assessed are ma
However, th@assessment of a multihull needs a structural analysis of global loads.

'he appli¢ation of global loads depends from the craft's program(s) and structural arrangement.

cal'structural arrangements

ngs
inly

The “typical” structural arrangements as defined by this subclause only apply to recreational craft,
charter vessels and light duty workboats are represented in Figure 9. The global loads to be assessed
depend on the multihull type, i.e. sail or motor, and on its structural arrangements, i.e. wet deck plus

crossbeam

28

s, or independent crossbeams.
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Figure 9 — Typical multihulls structural arrangements for global loads
NOTE In Figure 9, sailing multihulls are represented with rig but the same arrangements without rig are

valid for motor multihulls. See Tables 1, 10 and 11 for explanations of the dimensions.
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12.3 Global load assessment

12.3.1 Ge

neral

This document requires to assess global loads with one of the following methods:

— the simplified method defined in 12.3.2, to be considered as a basic assessment approach for
“typical” structures arrangements as defined in 12.2;

— the enhanced method defined in 12.3.3 which provides a more accurate analysis and results, and
is applicable to any structural arrangement, typical or non-typical.

which

12.3.2 Thie simplified method

The simpli
— useda

— withr

5 specified in Table 11;

esulting stresses complying with Table 12.

fied method consists in applying the relevant global load cases listed in Table 10;

For this pufrpose, an analytical method, a FEM method, or a mixing of both shall be used.

Table 11 gi
lateral loag
strong eno

12.3.2.1 (

Table 10 i
loads can
considered

llobal loads for the simplified method

ves the global load cases to be checked, considering that vety Wwide structural elementg
Is and bending moments or very high elements for vertical loads and bending moments
ligh and do not need to be checked.

Table 10 — Main individual global loads to be checked, where relevant

EL()stea(I(::g;i A&hnition Craft type Defined in
GLC1 Diagonal loads GEC-Y in quartering sea Sail and motor 12.5
qLC 2 Rigload GLC2 Sail 12.6
qLC3 Asymmetric-broaching loads GCL 3 Sail 12.8
GLC 4 Longitudinal broaching/Pitchpoling GLC 4 Sail and motor 129
GLC5 Longitudinal force/shock on one hull GLC 5 Sail and motor 12.10
GLC6 Bending on crossbeams of motor multihulls GLC 6 motor 12.11
Table 11 provides the method to be used to check the global load cases of Table 10 with the simpli

method, in

Hividually or combined according to boat type and dimensions of structural elements.

for
are

sts the main individual global loads that are considered in this document. Other glgbal
hlso be significant, e.g. foils, appendages, €6hnected structural elements, etc. and shal
with an appropriate method.

be

fied

NOTE

the long term are better analysed with the enhanced method.

30

This analysis only deals with strength issues, and the analysis of deflexion, stress concentration in
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Table 11 — Conditions where loads are considered to need assessment

Structural GLC1 GLC 2d GLC 32d GLC 42 GLC 5P GLC6
arrangement of| Quartering . Asymmetric Longitudinal | Longitudinal Free
. Rigloads . . .
Figure 9 sea broaching broaching force standing
Figure 9 a) On motor multihulls no Hull/floats Hull/floats Wet deck
rigure = rig loads if Lyoni > 4Bhoni | if Lyoni > 4 Drowi |1f Lwp < 0,4 LyP
. i Crossbeams Crossbeams Usuall
Fig 9 Quartering sea to be C b sually
bl) ;lr:(?lsc) checked in Design catego- | hull/floats ] hull/floats ile’zss< Sa;ESb only rel-
ries A and B sail and motor| if Lyoni >4 Broni | 1f Lnoni > 4 Pronsi ¢ = evant for
) For sailing multihulls, €rossbearnts il Crossbeants Crossbeams motor
Figure 9 d) GLC1 and GLC2 combined | floats _ hull/floats ifL. <04 LD
according to® if Luoni > 4 Buowi | if Lnoni > 4 Dnowi .

3 |L,onj is the length of overhang or between supports with n = F(fwd), A(aft) and M(mid) and\i ="H(hull) of F(Float)
yi is the beam at overhang root or between supports with n = F(fwd), A(aft) and M(mid) @nd i = H(hull) of F(Float)
yi 1s the depth at overhang root or between supports with n = F(fwd), A(aft) and M(mid) and.i= H(hull) or F(Float).

b |Lyp is the length of the wet deck and L; he lengthwise dimension of crossbeam i.
¢ |Combine 0,5 GLC1 + GLC2 or GLC1 + 0,5 GLC2 whichever the greater.
d  |Only for sailing multihulls.

See|Figures 9 to 14.

NOTE The wish to simplify calculations and the limited bending moments due to small overhangs or distapce between
supports, and hulls/floats with large beam or depth are the basis for the éxemption of checking.

12.8.3 The enhanced method

Thif method analyses as follows the craft through asmodelisation of the loads exerted wher] moving in
a sgaway.

a) |Sailing multihulls:

1) When sailing upwind, the loads from the rig (given by ISO 12215-10 or equival¢nt) induce
longitudinal and transverse forces and moments on the craft, which are balancedl by forces
and moments from the hulls and appendages. The resulting loads on the structure pre similar
to load cases GLC 2 to{GLC 4 defined in 12.4 but adjusted so that the whole system|is globally
balanced (zero finatferces and moments).

2) When sailing in\waves or swell in a quartering sea, the loads of indent 1) shall bg combined
with GLC 1,

3) When sdiling downwind, the loads of indent 1) shall be combined with GLC 5.
NOTE GLC 6 is usually not relevant, as less demanding than GLC 3 or GLC 4.

b) |Metor multihulls:

Atreombinationsof 6EE-6-with-6Ec+and-6E€3to-6EE5shattbe-assessed;oritsworstegdmbination.
c) Analysis method:

FEM analysis, using beam elements and/or full modelisation shall be applied.

The stresses shall not be greater than the ones defined in Table 12.

The scale and method of meshing are quite sensible and need experience and specific expertise in
the applied method compared to other methods.
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12.4 Design stresses under global loads

The stresses (direct, shear, or buckling) deriving from single or combined global loads shall not be
greater than the design stress for global loads defined in Table 12. When analysing stiffeners with an
analytic method for global loads, such as crossbeams, beams (tubular or not), etc., there is no need to
check deflection.

Table 12 — Design stresses for global loads

Ten(sjile_/ compressive Design shear stress Design buckling stresses
esign stress

Material 04 T4 b, Tdb

N/mm? N/mm? N/mm?2

FRP 0,50,,and 0,5 0,2 0,51,
Aluminium| alloys 0,7 aywb 0,7 aywb
Steel 0,80, 0,45 o, 0,47 yyckling
Laminatedwooden frames 0,45 0, 0,45 1, 0,5 0 buckling
Solid stockjwooden frames 0,4 0,¢ 0,41,
Plywood o1} edge frames 0,45 0,¢ 0,45 1,

NOTE Thefe design stresses also apply for the attached plating of the stiffedet, according to its material, defer-
mined according to ISO 12215-5:2019.

a o, is conpidered where stressed in compression (usually the stiffener.top flange) and o, is considered where
stressed inftension (usually the plating); both verifications need to Bé.calculated.

b For weld¢d stiffeners. If aluminium stiffeners are not welded, isexriveted, glued, etc. the non-welded propertfies
shall be usegd.

¢ oy forlaminated wooded stiffeners and o for solid stack’shall be taken from Table E.1 of ISO 12215-5:2(19:
For plywoad, o, shall not be taken from Table E.2 but from Tables E.3 or E.6 of ISO 12215-5:2019.

NOTE Th¢ design stresses are the same as in [SO 12215-5:2019 for stiffeners, and this relatively high value| (or
low safety factor) is connected to the use, where-ré€levant, of kpyyy in load formulas.

12.5 Glohal load case GLC1: Diagonal load in quartering sea

The loads ¢onsidered are those induced when a catamaran is supported by the two adjacent crests|of a
swell of wgve one at the aft of thesport hull, the other at the front of the starboard hull. Similar situation
for a trimafran, replacing the port hull by the port float. The design torsional moment under quartefing
waves and [parameters are defined in Table 13 and Figure 10.

—

Table 1|3 — Globalload GLC1 — Design torsional moment in quartering sea (see Figure 10)

Torsional nfjomentM around trans- 05_Mipc
versal axis D Mrp =kpg x x(9,81xkpynm )%0,076 Lpjac (kNm) where
- Ly, 2 2 Bcp
Diagonal length for catamarans Lpiag = =Ly 2+Bcp (m) where o = Atan . (degree)
Coso WI

Diagonal between the aft end of the port float and the fore end of the

Diagonal length for trimarans starboard float, not to be taken >1,4 Ly,

NOTE 1 The factor 0,076 corresponds to a symmetrical triangular loading on a beam simply supported (q,L2/12) with a
distance between supports of 046 Lp;q. The symmetrical triangular loading corresponds to a load greater in the middle
(more accommodation) than at the ends. See Figure 10 b).

The formula for torsional moment is a proposed default value, but it may be replaced by any documented
value, including a full calculation derived from the buoyancy calculated from the intersection of the hull
with a sinusoidal swell, with the masses distributed according to a detailed bill of masses.
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a) Diagonal length assessment b) Support-of the craft

crest of swell or wave

through of swell or wave

Figure 10 — Sketches explaining how load case LC1 is defined

6 Global load case GLC 2: Rig loads

rig loads acting on the craft's structure shall be according to ISO 12215-10, meet
vant, the heel and trim conditions defined.therein. They shall be balanced with the other
uoyancy, hydrodynamic forces and mofiients and masses. The load increase due to dyn
| be considered.

hblished practice recommenddtions for global load assessment and reporting are
rmative Annex B.

[7 Combination of diagonal load GLC 1 and rig load GLC 2 for sailing multihul

erally, the loads from rig can be considered as point loads (mast compression, shroud orj

ied to the crossbeam plus a torsional moment.

ing, where
loads, such
hmic effect

e given in

S

mainsheet

). When a load isnot directly applied to a crossbeam, it can be decomposed into its fraction directly

whichever

Asymmetric broaching of a sailing catamaran occurs when it digs both front ends with horizontal
transverse pressure corresponding to the lateral resistance of the hulls/float profile. For a trimaran,
the force is applied on the leeward float and the hull, see Figure 11. The force is applied at mid-hull/
float depth.

It is considered that the front leeward part of hulls and floats are loaded as shown in Figure 11 and
Table 14. The pressure is a linear pressure varying from zero at the foremost transversal bulkhead or
crossbeam connecting the two hulls, to a maximum pressure at the stem. This force is therefore acting

at 2

/3 of the distance between fore bulkhead/crossbeam to stem.
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Figure 11 — Asymmetric broaching loads (sailing multihulls only)

Table 14 — Global load GLC 3 — Asymmetric broaching (see Figure 11)

Definition ) \\\\ Value

Total resulfant transverse force directed windward Frimax (N)
Resultant fprce on leeward hull/float fore overhang  |a x Fpqpaxat 0,67 Loy (catamaran) or Lygyg (trimarfan)
Resultant fprce on windward hull/float fore overhang |(1-a)*Fpqyaxat 0,67 Lgoy (catamaran) or Ly (trimatan)
Where

Frimax Is the maximum value of the transverse forces’(N) exerted by the sail plan in sail configuration 1 of
IS0 12215-]10, and;

a=0,67 where there is no crossbeam between hulls or floats; and;
a=0,5 where there is a crossbeam between hulls or floats.

Where theije is no front crossbeam, the(strength of the front of each hull or float shall be assessed as a cantilgver
longitudingl beam under the resultant force, Same assessment for catamarans with transverse front crossbepm,
but for trinjarans, a specific calculation considering the different stiffness/strength of hull and float is need¢d.

12.9 Glohal load caseGl:€ 4: Longitudinal broaching/pitchpoling

12.9.1 General

A multihulll, sailior motor, broaches when digging the stem of a hull/float into a wave which cayses
a deceleration,force corresponding to the longitudinal loads defined below. The longitudinal dynamic

energy isu

The shear force and bending moment in the hull /floats and in the crossbeams resulting from the
vertical buoyancy shall be checked, so that the resulting stresses are not greater than the design
stresses defined in Table 12.

To simplify, this checking need not be performed for hull/floats when Lqy; < 4 Doy,
where, see Figure 12;

Loy is the relevant distance between supports or overhangs = Lgoy, Laows Loy Lroy for hulls Lggp,
Laop Lyop for floats, and
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— Dgy is the local depth at the root of the hull/float at overhang (point of max bending moment) either
forward Dy or aft Dygy.

The loading may also be assessed by one of the methods given in 12.9.2.

12.9.2 Full method of analysis of the buoyancy load when the craft pitchpoles
This method normally corresponds to the earlier occurrence of the following situations:

— either bow down trim angle of 20°, or

— [tmmersion of the deck at the stem (main hull for trimarans).
Additionally, for sailing craft:
— |therig load and corresponding angle of heel/trim shall be according to ISO 12215-10;

— [for more information, one may use the pitchpoling condition of ISO 12217-2:2015 buf using the
loaded displacement my . (ISO 12217 uses minimum operation condition/my,g).

| Ry2 Fyg JL
JAY

L] L
21
T T T WH
—T1 ]
—T T

' T [ [] L

=

1

0l

a) Buoyancy force Fy and reactions of crossbeams
where the deck at stem is immersed before 20°

b) General dimensions of hull or float and sketch of forces and reactions in crossbeams

Figure 12 — Sketch of vertical forces and reactions on crossbeams when pitchpoling

Figure 12 shows the front and aft forces F,; and F,, or the total buoyancy force Fg and the values of
Lron Broy and Dggy or Laoy, Baoy and Dyoy for respectively the front and aft overhangs, beam and
depth as defined in Table 11 and shown in Figure 12 b).

Annex D gives examples of the determination of F and of the EI products of each crossbeam.
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Where the enhanced method of 12.3.3 is used, the leeward hulls are asymmetrically loaded, as in GLC 3,
and the leeward hull usually supports a higher loading than the windward one.

12.10 Global load case GLC 5: Longitudinal force on one hull

12.10.1General

This load case considers the longitudinal force, defined in Table 15 and occurring either when hitting a
floating object/whale or a steep wave. The resulting shear force and bending moment in the crossbeams
or wet deck shall be checked, so that the resulting stresses are not greater than the design stresses

defined in |

To simplify

able 12.

this checking need not be performed, as required in Table 11, where:

the le

— the sum of the lengths of the crossbeams XL, >0,4Ly for structural configuratigns,b) and c),

the le

12.10.2Lo

Figure 13
and Table ]

gth of the wet deck Ly, >0,4Ly for structural configuration a),

gth of the main crossbeam L), > 0,4Ly for structural configuration d):

ngitudinal force

bhows the crossbeams and the beam between hulls Bgy; forya multihull with 3 crossbeq
5 gives the longitudinal forces on hulls and crossbeams:

Table 15 — Global load LC5 — Longitudinal force (see Figure 13)

ms,

1-Direct longitudinal fQX’c\@on hulls

Longitudin

bl force on stem of catamaran hull F ¢ Ele=min (2,5 mype 2,5 myy) (KN)

Longitudin

pl force on stem of trimaran float F ¢ Fir=min (5 mypc 5 mepgar) (KN)

Where my/

L and mg; o, are respectively the mass.of one catamaran hull or one of the trimaran floats.

NOTE 1 Tlhese forces respectively correspond-to.about 0,25 g and 0,5 g decelerations.

2-Resultin§ }qﬁéitudinal force on crossbeams

Longitudin|

EI EI

F,=F X

pl force F|; acting on crossbéam i

> (N),
By Bl33Hi i

see Annex D, with F} = F; ; or F| 1 where relevant

Longitudin
connection|

hl bending moment-about a vertical axis at the
of the crossbéanywith the hull

My ;= F;; x Bg; (Nm)

NOTE2 Thi

e El value forteach crossbeam is calculated about a vertical axis. (See Annexes Cand D and ISO 12215

6).

36
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Figure 13 — Longitudinal force on hull of catamaran or float of atrimaran

1211 Global load case GLC 6: Bending of crossbeams connecting hulls for motor
catpmarans.

Table 16 and Figure 14 give the shear force and bending moment©n the crossbeams conngcting hulls
of otor catamarans. This bending moment may be shared by<everal crossbeams. This dlso applies
wheére "classical" crossbeams are replaced by a continuous structure or a great number of small beams.

For| motor trimarans, unless using another specific.documented method, the shear [force, and
corfesponding bending moment, shall be taken ascthe one exerted by the float considlered fully
immersed. This case is similar to the one shown in Eigure 12 but only when heeling.

The resulting stresses shall not be greater than®he design stresses defined in Table 12.

Tqble 16 — Global load LC6 — Design bending moment and shear force for motor catamarans

B
Tothl design Bending moment M on crossbeam(s) Mg =kD2 x rlng]())((:) x9,81xkXom x%(kNlm)
. _ 0,5 MLpc

Totpl design shear force F onicrossbeam(s) F=0,25xkpc X 1000 %x9,81XKkpynm (kN)

| e l l

_ |_ ..... I _| _
By
P = DXB:B
HENNRENRERANRANRER
K .\

\'\LI\LLLILLLLI/'/

M, =P:By/8

fmax

Figure 14 — Bending moments and shear forces in GLC 6

© IS0 2020 - All rights reserved 37


https://standardsiso.com/api/?name=a48779e2505d561f7ca61ffe91d3b1b0

ISO 12215-7:2020(E)

13 Structural arrangement for supporting global loads

The structural arrangement shall be able to support and/or transmit local and global loads, without
exceeding the design or buckling direct or shear stress defined in Table 12.

Annexes C and D give respectively examples of "established practice" or technical background
calculation. Annex B gives "Established practice" recommendations for global loads assessment and

reporting.

14 Multihulls used as commercial craft and workboats

For multih
conjunctio

15 Infor

15.1 Gen

The infory
owner's m

11ls used as commercial craft and workboats, Annex J of ISO 12215-5:2019 shall be applie
n with this document.

mation to be included in the owner's manual

bral

hation specified in 15.2 and, where relevant, in 15.3 to 15¢5“shall be included in
hnual.

15.2 Respect of maximum loaded displacement

The owner]

“CAUTION
influence d
increase, f
therefore b

15.3 Ope
The owner]

“The owne

s manual shall include the following warning.

— The value of the maximum loaded displacement m, j, for multihulls has a greater di

br example a lower wet deck clearance inducing much higher pressures. Overloading s
e avoided.”

rational guidance

s manual shall include the following warning.

maintained. This means that the-speed of the craft needs to be matched to the prevailing sea state,

that the cr

15.4 Info

Where san
Annex| of
or more de

]

ft is used ‘with go6d)Seamanship behaviour.

rmation totake care of sandwich plating

dwich outer skin is thinner or with lower fibre mass than the "good practice" value
SO 12215-5:2019, include the following information in the owner's manual, or any equiva
tailed'information:

d in

the

rect

n the loads than it has for monohulls. Exceeding its design value can cause significant Joad

hall

r is advised that he/she is’responsible for ensuring that the normal mode of operation is

and

5 of
lent

"CAUTIO

— The outer skin of your craftis strong enough to resist the design pressure but can suffer
from local damage from hitting hard/sharp objects. If the outer skin is damaged, it shall be repaired
immediately.”

15.5 Information required by Annex J of ISO 12215-5:2019 - for commercial craft and
workboat

Where relevant, include the information required by ].3 of ISO 12215-5:2019.

38
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Annex A
(informative)

Application sheet of ISO 12215-7

Tyvne of multibull Description Tick valid cell or
i * give yalue
Catamaran
Type of multihull Trimaran
Other, specify
Sail
Type of propulsion functioning mode Motor, displacement
Motor, plaping
Steel
o . Aldminium
Building material
Wood
FRP
Craft main data (Table 1) Symbol Unit Value
Length of hull Ly m
llength waterline in maximum loaded conditien Ly, m
Beam of hull By m
Chine beam at x/Ly,;, = 0,4 B m
Loaded displacement Mipc kg
Maximum speed in m; . conditionr{motor craft) |4 knots
Maximum draught of\canoe body T m
Deadrise at 0,4 Lyy;, (planing craft only) Bo.4 degree
Description kpc Tick cell
A 1,00
Design/category (Table 5): B 0,80
C 0,60
D 0,40
Description Tick cell
Type of usage Recreational/Charter Use
Clause 14 and Annex ] of ISO 12215-5;2019, Workboat light duty Annex |
where relevant of ISO
Workboat heavy duty 12215-5
Analysis method of local loads Use Annex L of ISO 12215-5:2019
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Analysis of global loads

enter Yes or No

enter Yes or No
If the result is “No” the enhanced global load analysis needs to be performed and results produced

If the result is “Yes” the simplified global load analysis needs to be performed but the simplified
method may be used, and results produced, if this is the case click the simplified global load analysis

[s the structural arrangement “Typical” according to Figure 9?

performed
Structural GLC GLC GLC GLC GLC GLC GLC
arrangement (Fig 9) 1 2 1and 2 3 4 5 6
bardc
d
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Annex B
(informative)

"Established practice" recommendations for global loads

assessment using FEM methods and reporting

B.
Ex

B.2

Any
reld

Mo

Examples of "Established practices"
ples of established practice in global loads assessment include:

for sailing multihulls, balancing the rig/buoyancy loads and masses;

the simplified method for global load, GLC 4 (see 12.9);

Guidelines for reporting the structural analysis with FEM method

structural analysis report, whatever the numerical calcutation method is used, submit
vant, to notify body or approbation office, should includ€ the following information:

el description

Reference units (of length, force, pressure, etc.}xand geometric origin of the model
Reference of plans (CAD, 2D drawing...) used; including dates and versions
Numerical software used, including versions and dates

Modelling assumptions

Element types

Mesh size

Any deviation in gedmetry and arrangement of structure compared with plans
Plot of completé-model in 3D view

Plot to demonstrate correct structural modelling

Plot te-demonstrate assigned properties

ted, where

Bill'ef material properties used in the model

Load and boundary conditions

Details of boundary conditions

Details of all load combination with calculated hull girder shear force, bending moment and torsional

moment distributions
Plot of applied loads in 3D view

Sum of total load applied

Design criterion

Summary of allowable deflexion

© IS0 2020 - All rights reserved
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— Summary of allowable stresses

— Details of selected composite failure criteria

For each load case result:

— Details of reaction at boundary conditions

— Plots and results to demonstrate correct behaviour of structural model under the applied load
combination

— Summarv.and plnfc nfglnhnl dicplzrpmpnfq

— Summ
the stn

— Contot
— Co
— Pl

Analysis u

— Linear

— Buckli

— Otbher,

ucture

r plots for:

mposite failure criteria
 stresses, when relevant
sed

or non-linear static analysis

hg analysis

if required: modal analysis, fatigue, etc.

hry and plots of stresses to demonstrate that allowable stress are not exceeded anywherne in

42
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Annex C
(informative)

"Established practice” details

Details for the connection of crossbheame with the hulle
Hetdh st e-connecHon-01-6rosssednswWwiti-thHe- nuns

Thd
int
she

connection between the crossbeams and the hulls transmits loads by shear flowc(see
he drawings). This is mainly the case where the plating has an angle <45° with the dire
hr force to be transferred, see ISO 12215-6 for more information. See C.3.5 for details on

Figlire C.1 shows 3 examples of connection between a structural bulkhead, niast or mainsh

hul

REN
[dof
flov

s/floats.

Figure C.1 a) shows the best arrangement as the whole connectionrwith the hull transfer
force with a small shear flow.

the arrows
tion of the
shear flow.

bet and the

s the shear

Figure C.1 b) shows an acceptable arrangement where théeé extension of the bulkhead is in the

direction of the deck, to transfer transverse horizontal leads, and along the inner side of 1
vertical shear load (torsion and mainsheet pull) with alarger shear flow.

Figure C.1 c) shows a less recommended arrangement where the bulkhead can only transg
shear forces on parts of the hull with some vértical projection to the hull structure

abruptly. It is however acceptable if the shearforce is low or transmitted by other mean$

he hull, for

fer vertical
and stops

N

MARK: The comments above become much: less relevant where inner front part of the lull plating

ted lines in Figure C.1 d)] is connected.to the bulkhead. In that case a significant part @
 passes to the structure by this conniection, and all the 3 cases can then be relevant.

f the shear
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Figul

C.2 Des

The desigr
direct or s
loads com}

Where thd
ISO 12215
sometimesg|
(generally

d) Contribution of the upper inside hull

ow

‘e C.1 — Detailed arrangements of'the connection between crossbeams and hulls

jgn stresses

direct or shear stresses for local loads are taken from ISO 12215-5:2019 and the de

ine with local logdstheir effect is combined.

crossbeam<webs are made out of plywood, the "plywood on edge" data in Annex
£5:2019 may be used, unless other documented values are available. Plywood webs
made with plates oriented at +45° from horizontal to benefit from higher design shear st
double):

NOTE

bign

hear stresses for global loads from Table 12, including, where relevant, kpyy. Where glgbal

E of
are
Fess

[heshear stresses due to globalloads particularly the onesin elements working as shear weh are

in-

plane” or "intralaminar "shear stresses.

C.3 Ana

C3.1 Ge

lysis of beams

neral

Table C.1 gives simplified results for web and flange scantlings. This method is not only applicable in
the simplified method but is applicable to any crossbeam analysis when its shear force F and bending

moment M

44

are known. This method is more accurate if the beam is high, say H > 3b,,, 4.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a48779e2505d561f7ca61ffe91d3b1b0

IS0 12215-7:2020(E)

The assessment is made for each bulkhead/crossbeam, checking that the direct (tensile, compressive)
or shear stresses are below the design stresses of Table 12 for global loads, i.e.:

direct compressive/tensile stresses in top and bottom flanges (analysed either with or without

attached plating);

shear stresses in webs analysed according to Table C.1 and shear buckling stresses analysed in C.3.4

and Table C.2;

increased direct and shear stresses from secondary bending moments from eventual cut-outs in the

webs of crossheams analysed according to Table C.3;

C3
Thd
For
a)
b)

Mot

C.3

Wh
may

Figuire C.2). A conservative calculation-therefore only considers the flange/reinforcement ca

the
bot

The
ver
of I
use

Tabje C.1 givespin contrast, an example of calculation for an I-shaped beam where deck an|

are

loads, and reactions defined in this Annex are correctly introduced by shear in the web;

thereis no abruptdiscontinuity in the flanges and webs to avoid stress raisers, including t
recommendations of [SO 12215-6.

2 Method of analysis

crossbeams are considered as I-beams, with the following simplifications:
a "high" I-shaped crossbeam, the following assumptions are usually made:
the shear force is only resisted by the web;

the bending moment is only resisted by the upper and\lower flanges, with eventual use
plating.

e sophisticated analysis methods can be appliedprovided that they use sound engineeri

3 Dimensions, sections, neutral axis

he detailed

bf attached

hg.

bre the deck is added at the end of théconstruction, the link between the bulkhead apd the web

' be not fully efficient, and some.designers do not consider the deck as an attached p

web and neglecting the attached plating effect of the deck (at top) and, where relevant, y
fom).

total section, position 6fy (neutral axis), second moment I, and section modulus are ca
fy that the tensile or{compression design stress, whichever is the lesser, is not exceeded.
50 12215-5:2019,.eXplaining stiffener calculation, may be used, especially if different m4
 in the beam.

part of the)upper and lower attached plating.

lating (see
nnected to
fet deck (at

culated, to
Clause H.4
iterials are

d wet deck
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top reirn

Figun

forcement flange

e C.2 — Sketch of a bulkhead without considering the deck as an attached plating

ygwd
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