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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such'patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
bssment, as well as information about ISO's adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information

committee responsible for this document is ISO/TC 188, Small craft.

5 second edition cancels and replaces the first edition (ISO 12215-5:2008, including its 3
12215-5:2008/Amd 1:2014), which has been technically revised.

of the main reasons to achieve this revision, after a decade implementing the first e
llow other scantlings calculatidn)methods than those given in the 2008 edition, noti
clopment of finite element analysis methods and software, and the trend already ap
15-9 (keels and appendages)and ISO 12215-7 (multihulls).

refore, in this new edition, like in many other scantlings standards, the design pres
the design stresses.are given in the main body of the standard and, where needed, the
ulation methodsaré detailed in Annexes.

main changes-Ccompared to the previous edition are as follows:
clarification of the scope and of many definitions, dimensions, and assessment;

definition of a theoretical hull/deck limit height ZspT in Table 3;

enance are
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e with the

 subject of
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ion and/or
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mendment

Hition, was
g the huge
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sure loads,
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Tenaming of 7igc INto KpyN 1N 1able 7;

lowering of the values of ki, in the aft part of the craft in Table 8;

deletion of kpr min, to better consider large panels, mainly sandwiches, in Table 9;
improvement of the values of ksyp in Table 10;

modification of design pressures for motor and sailing craft in Tables 12 & 13;
modification of design stresses introducing kgg and kam factors in Tables 15 to 17;

incorporation of requirements for work boats in Table 2, Clause 12 and Annex J;

possibility to use a wider range of assessment methods detailed in Table 18;
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Alist of allfparts in the ISO 12215 series can be found in the ISO website.

move of the previous assessment method (now called "simplified") in Annex A;

improvements/clarification of the simplified method (panel assessment, hard chined sections,
frameless sections, simple and double curvature, attached plating, requirements for core, etc.);

development of Annex C for the determination of mechanical properties of composites;

reminder in A.14 of the requirements of ISO 12215-9 on reinforcement of the hull in way of ballast
keel attachment;

new Annex I only recommending minimum thickness for single skin and sandwich thatare no longer
mandgtery:

new Apnex | defining different types of commercial craft and workboats and their requirement]

«

new Apnex K defining loads induced by outboard engines;

new Apnex L proposing an application sheet of this document to explain how it has been used;

for clarity, this edition generally uses tables to present formulas and requirements.

NOTE The mechanical properties of ISO 12215-1 to -3 are largely supersededby the ones of this documgnt.

Any feedbdck or questions on this document should be directed to thedser’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.

Vi
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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 craft scantlings. This document has been set towards the minimal
requirements of the current practice.

The implementation of this document allows to achieve an overall structural strength that ensures the
watertight and weathertight integrity of the craft. This document is intended to be a tool to determine
the scantlings of a craft as per minimal requirements. It is not intended to be a structural design
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also emphasized that this document should only be used to check the main structun
craft but should not be used as a scantlings guide. Users of this document should hay
theoretical experience in strength of materials and engineering, even if-calculatio
available. Many details can have a significant influence on the final stresses and stre
icture, [SO 12215-6 shows "established practice".

scantlings requirements aim at providing adequate local strength. Serviceability isst
ection under normal operating loads, global strength and its connected shell and de
not addressed in this document. The related criteria may need to be addressed by
Kiderations, as deemed necessary by the users of this docunient.

mechanical property data supplied as default values make no explicit allowance for de
ervice nor provide any guarantee that these values‘can be obtained for any partid
sidering the future development in technology and-the boat types and small craft outsid

technology, that can be used provided that they lead to equivalent results.
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Small craft — Hull construction and scantlings —

Part 5:
Design pressures for monohulls, design stresses, scantlings
determination
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Scope

5 document defines the dimensions, design local pressures, mechanical properties

sses for the scantlings determination of monohull small craft with a hull 1éngth (Ly) or
rth (see NOTE 1) of up to 24 m. It considers all parts of the craft that are assumed to be w{
thertight when assessing stability, freeboard and buoyancy in accordane€ with ISO 1221

E1 The load line length is defined in the IMO "International Load)Lines Convention 19
be larger than Ly for craft with overhangs. This length also sets up at 24 m the lower limit of
Fentions.

main core of this document determines the local design préssures and stresses for mor
ils the possible scantlings methods derived from these\pressures and stresses, both for

exes.
5 document is applicable to small craft, in intagt condition, of the two following types:
recreational craft, including recreational charter vessels;

small commercial craft and workboeats, see Clause 12 and Annex].

not applicable to racing craft designed only for professional racing.
E2 Local pressures and stresses for multihulls are given in SO 12215-7.

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

the completescantlings of the craft, this document is intended to be used with 1SO 1
ders, [SO 1221529 for appendages and ISO 12215-10 for rig loads and rig attachments.

5 document covers small craft built from the following materials:

fibre<reinforced plastics, either in single skin or sandwich construction;

ind design
a load line
itertight or
7.

6,/2005", it

several IMO

ohulls and
monohulls

multihulls (see NOTE 2). The assessment process.requires, where relevant, the application of

Headlights,

2215-8 for

aluminium or steel alloys;

glued wood or plywood (single skin or sandwich), excluding traditional wood construction;

non-reinforced plastics for craft with a hull length less than 6 m (see Annex D).

Throughout this document, unless otherwise specified, dimensions are in (m), areas in (m2), masses
in (kg), forces in (N), moments in (N.m), pressures in kN/m2 (1 kN/m2 = 1 kPa), stresses and elastic
modulus in N/mm?2 (1 N/mmZ2 = 1 Mpa). Max(a;b;c) means that the required value is the maximum of a,
b, and c¢; and min(d;e;f) means that the required value is the minimum of d, e, and f.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their 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 8666:2
ISO 12215-

016, Small craft — Principal data

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

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

sailing boa

ISO 122171
boats of hu

1SO 12217-
hull length

Sof Uit lengtitgreater tham or equal to 6 M

2:2015, Small craft — Stability and buoyancy assessment and categorization — PartZ; Sal
[ length greater than or equal to 6 m

B:2015, Small craft — Stability and buoyancy assessment and categorization -+ Part 3: Boa
Jess than 6 m

3 Terms and definitions

For the pui
ISO and IE

ISO On
IEC El¢

31
design cat

poses of this document, the following terms and definitions apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://www.is0.01'g /obp

ctropedia: available at http://www.electropediaforg/

egories

description of the sea and wind conditions for whig¢h a craft is assessed to be suitable

Note 1 to enftry: The design categories are defined\in I1SO 12217 (all parts).

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

2013/53/El

3.2
loaded disg
mypc
mass of w,
condition

.

placement

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

Note 1 to entry: Thefully loaded ready for use condition is further defined in ISO 8666.

3.3
sailing cra

ft

ling

s of

12

tive

use

craft for w

hich the primary means of propulsion is wind power

Note 1 to entry: Itis further defined in ISO 8666.

Note 2 to entry: In this document, non-sailing craft are considered as motor craft.
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3.4

second moment of area

second moment

1

for a homogeneous material, sum of the component areas multiplied by the square of the distance
from centre of area of each component area to the neutral axis, plus the second moment of area of each
component area about an axis passing through its own centroid

Note 1 to entry: The second moment of area is also referred to in other documentation as the moment of inertia.

Note 2 to entry: It is expressed in mm# or cm4.

3.5
section modulus
SM
for a homogeneous material, second moment of area divided by the distance ¢e’any point from the
neuftral axis at which the bending stress is calculated, expressed in mm3 or cm3

Not¢ 1 to entry: The minimum section modulus is calculated to the furthest point from the neutral axis.

3.6
craft speed
%4
for [motor craft, maximum speed in calm water and in_mypc condition that is declafed by the
maiufacturer, expressed in knots

3.7
displacement craft
craft whose maximum speed in flat water and myp¢ condition, declared by its manufactufer, is such

that V <5/Ly,

3.8
displacement mode
modle of running of a craft in the sea-such that its mass is mainly supported by buoyancy for¢es

Not¢ 1 to entry: This is the case where the actual speed in a seaway in mypc condition is such thgt its speed/
length ratio makes the craft behaveas a displacement craft.

39
plahing craft
craft whose maximum speed in flat water and in mypc condition, declared by its manufacturer, is

such that V =5,/Lyy.

Notg 1 to entrys This speed/length ratio limit has been arbitrarily set up in this document, but it may vary from
one|craft te-another according to hull shape and other parameters.

3.1t
p]a ing mode.

mode of running of a craft in the sea such that its mass is significantly supported by forces coming from
dynamic lift due to speed in the water

Note 1 to entry: A planing craft in calm water runs in planing mode, but it may be obliged to significantly reduce
its speed when the sea gets worse, running in that case in displacement mode.

3.11

non-walking area

area of the working deck, cockpit or superstructures of a monohull at an inclination of more than 25°
to the horizontal in the longitudinal direction or more than 55° to the horizontal in the transverse
direction

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

© IS0 2019 - All rights reserved 3
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4 Symbols

Unless specified otherwise, the symbols shown in Table 1 are used in this document.

Table 1 — Data, factors, parameters

Symbol Unit Designation/meaning of symbol | Ref/sub clause
Linear Dimensions of the craft ,principallengthsand beams
B¢ m Chine beam according to Figure 1, at 0,4 Ly, from of its aft end Fig 1, Table 7
GZ MAX<60 - Maximgm righting'mo_ment lgver for. light apd stable sailing Ferbrtett
craft with all stability increasing devices active T
Ly m Length of the hull ,l\(\'\d
Lw1, m Length of waterline at rest, see Figure 2. Tables %.“Z,lﬁ, 11, ptc.
Tc m Max depth of canoe body, see Figure 2. T@e‘sl 12 & 13
Zc m Local height of chine above W, [see Figure 6 d)] (E;E_6 d, Table 1P
Zq m Local height of a point Q, centre of a panel or stiffener aboveﬂ/{\ﬁgﬁ, Tables 12 & 13
ZsDA m Local height of actual side/deck limit above Wy, see Figgg Fig 6, Tables 12 & 13
ZsDT m Local height of theoretical side/deck limit above WL} seé&'\gdur e2 Fig6, M& Lli 32
Areas, displacement, angles, speed, aclc\@ations
Maximum speed at my,pc condition, used fqéﬁo?or craft
%4 knots with V> SW and for calculation of r sailing craft %lﬁ%%
with kgp.s>1 A -
mLpc kg Mass in maximum load conditionk\\} 3.2, Tables 7,12 &13
Bo,4 degree Deadrise angle at 0,4 Ly, from\{@“a?t end, taken as 10<fp 4< 30 | Figure 1, 6.1, Table 7
Pang}-gl\i“}nensions
Ap m?2 Design area under con‘sld:&‘;'ation (panel or stiffener) Table 9
b mm Short unsupportfe@Y\r\rl)ension of a panel Iat&ejt(f_lﬁguLe_sfz
I mm Long unsu@ed dimension of a panel IaMe_Stf_liguLe_sfz
~
Ch mm Transygr%e’camber of a curved panel A.8.2.2 & Figure A.7
c mm Lq@%’cﬁinal camber of a curved panel A.8.2.2 & Figure A.7
/\%\ Stiffener dimensions
s mm Q:S’mall dimension (spacing) of a stiffener between axis Table 5, Figures 3|& 4
Iy mlgr\\?c Large dimension (span) of a stiffener between axis Table 5, Figures 3(& 4
o T Y Camber of a curved stiffener A12.4 & Figure p.7
X ,.&‘(m Distance of mid panel or stiffener from aft end of Ly, Table 4 & Figurd 2
R =— Eigures 3¢, 4-&-4.13
Stiffener characteristics
be mm Effective breadth of attached plating connected to a stiffener |A.12.5 & Figure A.13
Aw cm?2 Area of the shear web of a stiffener Table A9, H4 & G.4
EIna N.mm?2 Product of second moment by E modulus at neutral Axis 3.4, Table A9,H.4
Q N.mm First moment of a stiffener Table A9,H.4
q N/mm Shear flow in the web of a stiffener Table A9,H.2.7 & H4
SM cm3 Section modulus of a stiffener ﬁ%
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Table 1 (continued)
Symbol Unit Designation/meaning of symbol | Ref/sub clause
Bulkheads, sandwich
Dy m Depth of bulkhead Table A.13
tp mm Thickness of single skin plywood bulkhead MAE ﬁﬂﬂ,
tc mm Thickness of the core of a sandwich MAIZ ﬁﬂﬂ’
T To TITIT THICRMESS Of ITMer SKITT and outer SKIT of a Sandwich Tableg;ﬁnﬂx_ﬂ
ts mm Thickness of symmetrical skins of a sandwich I '\\;QL&QX_E’
L - .
Factors and ratios %
ARE 1 Effective aspect ratio of a panel Aq"\d Table A.2
ARG 1 Geometric aspect ratio of a panel '\(bv Table A.2
kam 1 Assessment method factor . O Tabled 16 & 17
kar 1 Area pressure reduction factor &\‘O Taple 9
kas 1 Actual/design shear force factor in a stifflep@\ Tablp A.12
kgg 1 Boat building factor ,\OK Tables|15 & 17
ksm 1 Bending moment factor for stiffenQRY - Table A.8
kc 1 Curvature correction factor for ﬁ@hg A.8.2.2 & Table A.3
kcH 1 Chine angle correction fact\gz\@ A.5.4 & Figure A.2
kcs 1 Curvature correction fac&Qr\fZJr stiffeners Table A.10
kpc 1 Design category factoi\Q)‘ Table 6
fDYN 1 Dynamic load facten (kpyn; kpyn1; Kpynz) Table 7
kg 1 "GREEN" facp(NeFlaminates see Note b in Table C.6 Tables C.4,C9 & C.10
ki, 1 Longitudi(aﬁ\lfessure distribution factor Table 8 & Figure 7
kr 1 Struct&"él‘c-:)mponent and craft type factor Taple 9
ksp 1 Stim shear force correction factor Table A.8
ksu 1 FQn\eT aspect ratio factor for shear force (ksyp, ksnj) Table A.2
KsLs 1 O\Q%l’amming pressure factor for light and stable sailing craft Talle 11
ksm 1eN” Actual/design bending moment factor in a stiffener TablgA.12.3
ksup Oik)' Superstructure pressure reduction factor Tahle 10
k2 - -1 Panel aspect ratio factor for bending moment (kzp, k2;) TablespA.2 & A4
kd to k1o ;\} 1 Single skin minimum thickness or fibre factor Talle 1.1
&?“ Pressures
f_’éﬁbv kN/m?2 Motor craft bottom pressure in displacement mode Taljle 12
PBMD BASE kN/m? Motor craft base bottom pressure in displacement mode Table 12
PBM MIN PLT kN/m?2 Motor craft bottom min plating pressure (displacement/planing) Table 12
PBM MIN STF kN/m? Motor craft bottom min stiffener pressure (displ./planing) Table 12
Ppmp kN/m?2 Motor craft bottom pressure in planing mode Table 12
PBMP BASE kN/m?2 Motor craft base bottom pressure in planing mode Table 12
PpMm kN/m?2 Motor craft deck and cockpit bottom pressure Table 12
PpM BASE kN/m?2 Motor craft deck base pressure Table 12
Psmp kN/m? Motor craft side pressure in displacement mode Table 12
Psmp kN/m?2 Motor craft side pressure in planing mode Table 12

© IS0 2019 - All rights reserved 5
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Table 1 (continued)

Symbol Unit Designation/meaning of symbol Ref/sub clause
PSI\g‘ETMIN kN/m?2 Minimal motor craft side plating pressure (displ./planing) Table 12
PsupM kN/m2 Motor craft superstructure pressure Table 12
Pgs kN/m2 Sailing craft bottom pressure Table 13
P BS BASE kN/m2 Sailing craft bottom base pressure Table 13
PBS MIN PLT kN/m?2 Sailing craft bottom minimal plating pressure Table 13
PBS MIN STF kN2 Sattimgeraftbottormrmimimatstifferer pressure Fabte+3
Pss kN/m2 Sailing craft side pressure Table 18
Pss MIN PLT kN/m2 Sailing craft side minimal plating pressure Table 13
Pss MIN STF kN/m2 Sailing craft side minimal stiffener pressure Table 13
Pps kN/m?2 Sailing craft deck and cockpit bottom pressure Table 13
P DS BASE kN/m?2 Sailing craft deck base pressure Table 13
Psups kN/m2 Sailing craft superstructure pressure Table 13
Pwg kN/m2 Design pressure, watertight boundaries Table 14
PrB kN/m?2 Design pressure, integral tank boundaries Table 14

Stresses and other data
04, Td N/mm?2 Design (direct or shear) stress for plate/stiffener Table 17
Ow Tu N/mm?2 Ultimate (direct or shear) stress for plate/stiffener Table 17
Odco» Tdco N/mm?2 Design (direct or shear) stress for sandwich core Table 17
Oucor Tuco N/mm?2 Ultimate (direct or shear) stress far sandwich core Table 17
E G kN/m?2 Elasticity or shear modulus for(plate/stiffener Table 17
Eco, Geo kN/m?2 Elasticity or shear modulus-for sandwich core Table 17
w kg/m?2 Dry fibre reinforcementimass per square metre 11 %A—;gelxes A,
Fq N, N/mm |Design shear force\(in plating, sandwich, stiffener) TablesA4 & A.B
My Nm,rrll\lrrnnm/ Design bending moment (in plating, sandwich, stiffener) TablesA4 & A.B

The symbols are shown by group type-and in alphabetical order.

Unless othgrwise specified, all. dimensions, measured in my,pc condition, are according to ISO 8666.

5 General

5.1 Materials

The mater]al§)considered in this document are the main modern building materials listed in Clause 1
and Table 17. This document may be used with other materials, including new fibres and resins,
provided that they show similar cohesion, durability, resistance to marine environment and elongation
at break as the ones quoted in Table 17.

5.2 Overall procedure for scantlings determination

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

Step N° Subject Clause N°
1 Determination of main dimensions, data and areas 6
2 Determination of dimensions of panels and stiffeners 7
3 Determination of pressure adjustment factors 8
4 Determination of design pressures 9
5 Determination of mechanical properties and design stresses (Table 17) 10
6 The structural analysis and scantlings determination shall be achieved 11
USITIE OITE OT a COIMDITTAation Of the folfowIg Methods (See 1abie 18)
— Method 1(Simplified) 11.2 & Ahney A
. 11.3'&
— Method 2 (Enhanced) ply by ply analysis Arfrexes A &lH
— Method 3 (Developed) use of CLT 19.4 & Annej A
— Method 4 (Direct test) 11.5
— Method 5 (FEM) 11.6
— Alternative test (Drop test) 11.7 & Anney D
Additional requirements for commercial craft and work-boats 12 & Annex]]
Items to be included in the owner’s manual 13
6 |Main dimensions, data and areas
6.1) Dimensions and data
Unlgss otherwise specified, all dimensions shall be measured in accordance with ISO 866p, with the
craft in the fully loaded condition, with acmass mypc,expressed in kilograms, as defined|in 3.2 and
Table 1.
Figure 1 explains local chine beam(and deadrise determination for planing craft. For roungdl bilge, the
outer limit or chine shall be taken‘at the point where a line at 50° from the horizontal is tarjgent to the
hull. The chine beam B¢ at 0,4 Ly from its aft end, is used for the pressure determination of planing craft.
CL CL CL CL
2,
lm — im - Xm
. f
Bc/2 Bc/?2 Bc/?2 Bc/?2
Figure 1 — Measurement of chine beam, B¢, and deadrise angle,
6.2 Areas

6.2.1 General

The hull shell, deck and superstructures are divided into various areas: bottom, side, decks and
superstructures, as shown in Figures 2 and 6 and in Tables 3 and 4. Whatever the structural
arrangement of the craft, the areas defined below, and their design pressures defined in Clause 9 apply.

The coordinates x and Z are measured from the aft end of flotation as shown in Figure 2.
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The theoretical hull deck limit Zspt above waterline, defined in Table 3, sets the limit between side
pressure and deck pressure. Its purpose is to avoid penalizing the structure of craft with a high
freeboard. In contrast, where Zspa< ZspT, the deck pressure is increased (see Tables 12 and 13).

Table 3 — Height ZspT of theoretical hull deck limit according to Ly, and x/Lw,

ZspT

X

=(0,028 6x Lyyy, +0,115)x
Lwi

+0,057 1x Ly, +0,229 (m)

For information, pre-calculated values of ZspT are given below-for three values of x/LwL.

Lt () 6 | 8 | 10 | 12 [ 14 | 16 | 18 | 20 | 22 [, @24
Values of Zspt (m)

00 [ 057 [ 069 | 080 | 091 | 1,03 | 114 [ 126 [ 1,37 | 149 140

x/Lw, | §50 | 071 | 086 | 1,00 | 114 [ 129 | 143 | 157 | 171 [\ 86 | 2,do

00 | 086 | 103 | 120 | 137 | 154 | 172 [ 189 | 206y} 223 | 240

The definit

ions in Table 4 are only for the purpose of this document, they are based on the definit

of ISO 8666, clarified or implemented where necessary. The areas are limited by "level lines" waterl

chine, or th

eoretical hull deck joint: ZspT, see Figure 2.

Thble 4 — Definition of bottom, side, deck and superstructure areas and limits

ons
ine,

Hull bottom or side, including transentand deck a

Area

Sailing craft and motor craft in

Planing craft in planing mode

to the weat

displacement mode
Part of the hull outer shell up to chine|for
local 8 < 30 if chine below W1,
Hull bottom and transom |Part of the hull outershell located |Part of the hull outer shell up to W, for 1¢cal
bottom below waterline (W) B> 30 and if chine above Wy..
Transom below Wy, is excluded and subject
to transom side pressure
Hull side find transom side |Part of thethull shell located between bottom and local height Zspr.
Lowef horizontal or near horizontal area of the craft structure located above hull
Deck and cockpit bottom sidenf there are several deck levels, it is the lower one at the considered sectjon.
p Where Zspa < Zspr it is subject to side/transom pressure, otherwise it is subject
to deck pressure (see Tables 12 & 13)
Cockpit sides & superstructures
Area Walking area Non-walking area (see 3.10)
See Table 10 that details the areas and their reduction factor ksyp.
a  This deflinitionapplies even if this area is not considered part of the working deck by ISO 15085 as long as it is expqsed

er’’Fhe inner decks are not considered in this document as they are not exposed to weather.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

6 75 4d2+~ 3 2 1

------- = —
i A
X . Wy,
0 Te
X/Lwr,

» Ly,
Key
1 |theoretical hull deck limit Zspt above W, 5  cockpitside
2 |actual hull deck limit Zspp above Wy, 6 transom (below & abeve’Zspa)
3 |protected aft side of superstructure (see Table 10) 7  origin of coordinates$ X, y, z at aft of watefline
4 |cockpit bottom

Figure 2 — Sketch showingareas

NOTE Figure 2 shows the case where Zspa,> Zspt but thé:opposite case is obviously possible.

7 |Dimensions of panels and stiffeners

7.1 General

ating panel is subject to local preSsure loads and, where relevant, to global loads. Lgngitudinal
strgngth issues due to global loads @re not considered in this document as they are seldom|significant
on $mall craft, but a recommended analysis method is given in Annex D of ISO 12215-6:4008. Local
pregsure loads depend signifieantly on the design surface Ap of the panel (factor kagr defined pn Table 9),
and hence from stiffener spacing.

NOTE1 In this document'the term 'plating' applies to the surface constituting the exterior envelope of the
crafft: bottom, side, transom, deck, superstructure, cockpit, etc. The plating is divided in panels.

The structure isfrequently arranged such that the plating panels are supported at their boyndaries by
a sqt or grid of\’secondary"” stiffeners directly supporting plating (e.g. stringers), which therpselves are
supported by.another set of "primary" stiffeners (e.g. frames, bulkheads, etc.).

NOTE 2% _“ISO 12215-6 details the general structural arrangements and primary/secondary stiffenejrs.

These secondary and sometimes primary Stiffeners are often not -dedicated  stiiteners, but “natural”
stiffeners (e.g. hard chines, hull/deck connection, round bilges, bunk or coaming flanges, etc.).

Both these structural arrangements are only valid if the 3 following conditions are met:

a) The plating is strong enough to keep its shape and transmit the shear force and bending moment
resulting from the pressure load to its supports: the secondary stiffeners.

b) The secondary stiffeners (where installed), are strong enough to keep their shape and transmit the
shear force and bending moment from the plating to their supports: the primary stiffeners.

c¢) The primary stiffeners (where installed), are strong enough (usually much stiffer and stronger
than the secondary) to keep their shape and transmit the shear force and bending moment from
the secondary stiffeners to the rest of the structure.
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The assessment of the dimensions and spacing of the secondary and primary stiffeners is only valid if
the above conditions are fulfilled. This document considers, through various formulas and calculations,
that the plating and stiffeners only work in bending, with no membrane effect. The assessment of
dimensions shall always be made in parallel with the checking that the various stiffeners take their role
in the load transfer path from the local pressure from the sea and waves before being transmitted and
finally dissipated into the rest of the structure.

Modern structures, and particularly FRP construction, rely significantly on “natural” stiffeners and
curvature (simple or double). In this case, the determination of accommodation or other elements
acting as a stiffener may include several 'trial and error' iterations. Some principles and examples of
analysis are given below. However, all the cases cannot be predicted which depend on the approac

of

the design
assess the

To enable :
the stiffen
this simpli
Method) a
precision.

7.2 Rect

Figure 3 sh
hats. See a

In Figures
but it shall

following.

b1 and assessors using this document. Annex A presents with more details some method
Epacing of these "natural” stiffeners.

in analytic approach as simple as possible, the grid of panels is considered rectangular
brs are considered to cross each other at right angle. However, the 3D reatity challey
fication and some equivalences are proposed. This document allows FEM)(Finite Elem¢
halysis, that assesses loads and stresses on the various structural element with a gre

angular grid of panels and stiffeners

ows FRP structures with stringers and frames: hard chineS a) and round bilge b) made of
so Figure 4. The dimensions are summed up in Table 5,

B and 4, for explanation, the value of [, is called I5 and/t respectively for stringer and fra
be called [, in the rest of this document, same forsgand ss for stiffener spacing called s in

S to

and
ges
bnts
hter

top

me,
the

10
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a) Hard chines b) Round bilge

be

c) Top hat dimensions

Figure 3 — Sketchexplaining the dimensions in Clause 7

Table.5 — Dimensions of panels and stiffeners

Variable Units Definition

band! mm  |Respectively the small and large unsupporteda dimensions of a panel

Réspectively the small and large unsupported dimensions for stiffeners, measured at mid
sland Iy mm~-support width (in Figure 3, index 'u' is replaced by F for frame and s for stringers).

For top hat or composite stiffeners I, is usually greater than las I, = [ +be [see [Figure 3 )]

Forltop hats, the\dimensions b and I may be taken up to the intersection of the extension of the closest (inner) yeb with the
plaging minus\one cove radius R, see Figure 3 c).

Subklau§e¥A.12.1 and Figure A.9 show examples on how to consider stiffeners not perpendicular to the plating.

If 3|consecutive stiffeners are not equally spaced, s shall be taken as their average.

a  The supports are the support boundaries where the reaction to the plating pressure forces apply. This is normally the
closest distance between loaded webs i.e. the closer side of top hats as in Figure 3 c), 4 a) or the single metallic flange axis as

in Figure 4 b).

NOTE b and ss are quite similar in metallic construction with T, L or flat bar stringers, but can differ in FRP
construction because of the width of top hat stiffeners. Same comment for [ and Is for the length of plating and
stiffener.

Where there are no definite stiffeners, hard chines or round bilges having the required dimensions
and strength may be considered as “natural” stiffeners. Clause A.5 gives methods of analysis of such
stiffeners.
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S Sy S3
by b, by
|
a) Bulkhead and transversal top-hat stiffeners
51 52 $3
by b, b
by, by, bz
b) L-shaped stiffeners in metallic construction
3 2 2
' ~ "
:—-ﬂ'=========_;—;4/——=_ E======================Eé==:=¥Lf
b, b,
|
Isl IsZ
c) Continpous stringer between top-hat frames and a bulkhead: b1 and b; are the unsupported
l¢ngths of the panels between frames. /51 and‘/s; are the lengths of the stringer
Key
1  stringer (length Isq or Isp)
2 top-hat{frame
3 bulkhegd
Figure 4— Examples of b, 5, and /s measurements

7.3 Nontrectangular panels
Non-rectangular panelsshall be assessed using equivalent rectangular panels with dimensions bf x [,
or sy x Iy. These eqaivalent rectangular panels shall be assessed on the basis of equal area to the actual
panel. Sub¢lausesZ.3.1 and 7.3.2 define the approximation methods that shall be used in that purpoge.

7.3.1 Tra_p,e7nidnl or rrinngnlnr pnnplc

Figure 5 gives examples (hatched) of equivalent rectangular panels for a trapeze or a triangle and

having the

12

Same area.
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I I
L
—
7
9 e} /
/ \
/ \
I
1=(3/4)B
A
/’ .
= <
: N
B

7.32 Other shapes

For

pan

Figure 5 — Examples of equivalent rectangular panels with a trapeze or a trian

other shapes such as “crescent’’or” banana like” shapes, one shall use the length [ i
Ap/ I for equivalent rectangular shapes, where Ap is the design area of the panel plg

els, including thin trianglés)defy this analysis, and support lengths  and b have to be est
use|of finite elements analysis may be useful for that purpose.

gle

ind deduct
ting. Some
mated, the
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7.4 Pressure on a panel or a stiffener

a) Section of cockpit b) Front view

5 CL CL

HSUP TOP
HSUP fIDE l

T— 3 HSUP TOP

Hgup sipE /”
Z
f | SDA

c] Sail craft with built-in keel d) Planing craft
Key
1 bottom|area 5  superstructures top area
2 side arem t—chirebetow Wratsectiomrxamdtf~<-36°
3 deckarea 7  closed cockpit
4 superstructures side area

Figure 6 — Definition of areas, and pressure assessment on a panel or stringer

Figure 6 shows typical craft sections at mid-waterline.

a) Section in way of a closed cockpit on a hard chined displacement motor craft with local actual deck
height Zspa greater than theoretical value Zspt and therefore the part of the topsides above Zspt
is considered subject to deck pressure. According to Table 12, the side pressure is interpolated
between 0,8 times the bottom pressure and deck pressure up to Zspt and is equal to deck pressure
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above ZspT. The value of hgipg for the cockpit aft panel, according to Table 10 for side of closed
cockpit, is measured from the cockpit bottom up to the middle of panel. Similar method for vertical
bottom and back support of seats (non-walking area) and horizontal seat area (walking area).

b) Hard chined displacement motor craft. The actual deck level is lower than the theoretical height:
ZspA < Zspr, the topsides are fully in side area and the actual pressure on the deck in increased as
required in Table 12 or 13. The coachroof side transverse angle a1 make it a non-walking area (see
3.10). The side pressure at point Z is calculated according to Table 12. For side deck, the pressure
for panel a-b is calculated at point Qap, and for panel b-f, it shall be calculated at Qpf at mid-panel

and top of camber, same for point Qe at top of coachroof.

d)

CAUTION — According to 9.1, for design categories A~and B planing motor craft, the s

Sailing craft with faired connection between bottom and keel, and the bottom area go
the keel and or tuck. See A.13 and ISO 12215-9 for either keel reinforcement or thicke
way of keel). As Zspa > Zspt the value of Hsyp for coachroof top is measured fromZspr.

Hard-chined planing craft. As the angle of chine (deadrise), calculated acderding to |
B < 30°, the bottom area goes up to the chine. Other forward sections have adeadrise af
and the bottom front area is considered up to flotation (the chine is’ anyway above
Zc is the height of the chine measured from waterline, and as in that section Z¢ < 0 as
waterline, and in Table 12 Zq - Z¢ = Zq + absolute value of Z¢, same‘logic for Zspt - Z
height Zspa is slightly higher than ZspT so the upper part of the\topsides and outer b
subject to deck pressure. The inner part of the bulwark is stibject to cockpit side pre
side and top of coachroof are calculated at points Qs and-Q; (only if the top on coachj
intermediate stiffener).

bs down to
" plating in

figure 1, is
gle f > 30°
waterline).
it is below
. The deck
hlwark are
ssure. The
oof has no

ide panels

and stiffeners shall be analysed both in planing and displacement mode, using the wofst case. If
the|chine is below waterline, the side panel is across side and bottom [see Figure 2 a)]
8 [Pressure adjusting factors
8.1 General
The final design local pressure is adjusted by a set of factors according to design, craft typle, location,
ared, etc.
8.2| Design categoryfactor kpc
The design category-factor is defined in Table 6.
Table 6 — Values of kpc according to design category
Design category A B C D
Value of kpc 1 0,8 0,6 0,4

NOTE The design category factor kpc, considers the variation of pressure and slamming loads due to sea

loads according to the design category.

8.3

Dynamic load factor kpyn

For planing craft running in planing mode, the dynamicload factor kpyn, used in the bottom pressure
and ki, determination shall be taken as the lesser of kpyn 1 and kpyn 2, as defined in Table 7.

For sailing and motor craft in displacement mode kpyy is not used for pressure determi
is used for the determination of ki, in Table 8 and Figure 7 using the values for kpyn = 3.
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NOTE The factor kpynz has been introduced where formula for kpyn1 (developed after tests on craft > 20 m)
gives unrealistically high values on small and light craft. The dynamic load factor k pyy is considered to be close
to the single amplitude vertical acceleration ncg measured with a low pass filter at the craft centre of gravity.
This factor is the vertical acceleration supported by the craft, either while slamming in an encountered wave at
speed or falling from the crest of a wave into its trough, ncg is expressed in g's, where 1g is the acceleration due
to gravity (9,81 m/s2).

Table 7 — Values of dynamic load factor kpyn

The dynamic load factor for power monohulls in planing mode,kpyy, is the lesser of kpyn1 and kpyn?

2 2
Initial dyndmic load factor for power mono- B 032 LwL 0 084 (50 5 ) V7 XB¢ 3
. . =0,32| ———+0, x (50— X ————
hulls in plahing mode kpyn1 DYN1 10xB 0,4 —
Corrected |[dynamic load factor kpynz. where KpyNg = 0,5xV ot to be taken >6 bt <3
kpyn1 >3 mLDC0'17

CAUTION + For recreational and charter craft, the maximum speed shall not be taken >50Knots, but for
“Heavy dutly” work boats this speed may be greater (see Annex J).

a P, is tle deadrise angle at 0,4-Lw, forward of its the aft end, measured according to Figtre 1, not to be taken less than
10°, nor morj than 30°.

b The valde of kpyy is considered not to be higher than 6: when running in rough séa; the crew usually limits the speefd to
keep the slajpnming accelerations within acceptable comfort and safety limits. This limit of 6 may be surpassed for "hgavy
duty" workbhoats, see Annex J.

8.4 Longitudinal pressure distribution factor ki,

The longityidinal pressure distribution factor ki, defined«dn Table 8, considers the variation of presqure
loads according to the lengthwise position on the craft{Figure 7 shows tabulated values of Table 8.

Table 8 — Values of longitudinal pressure distribution factor k|,

X

General forjmula for kj, (see Figure 7) k= (1’667 —0,222xkpyN )X L +0,133xkpyN * not to be

WL
taken >1

Values of ki, for planing motor craft Use formula for ki, with 3 < kpyny < 6

Values of Ky, for displacement motor and

sailing crafft where ksis = 1 Use formula for ki, with kpyn =3

For sailing monohulls where ksys > 1, calculate ki, with kpyn = thax
Values of kj| for light and:stable sailing craft | (kpyn1; kpyn2) using the maximum previewed speed with apparent
where ks 4> 1 wind between 60 and 90° in my,pc condition, with B¢ = BwrL. kpyn
shall not be taken <3.

a  xin (m) |s thelongitudinal position of the centre of the panel or middle of stiffener forward of aft end of Ly, in my,p|
x/Lw, = 0 afjd¥ are respectively the aft end and fore end of Lyyy..

NOTE The value of line segments at x/Lw, = 0 are respectly 0,4/0,6/0,8 for kpyn = 3/4,5/6.

T

Figure 7 only shows values of ki, for kpyny = 3, 4,5 and 6; for other intermediate values, ki, shall be
determined either by calculation according to the formula of Table 8 or by interpolation in the graph.

For work boats where kpyn values may be between 6 and 8 the formula of Table 8 gives ki, = 1
everywhere for kpyn = 8.
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1,0
_-F-Z
0,9 P L
- o = ‘/
0,8 | --r -
---T - - -~
0,7 L -
4
0,6 L.
|~
o 05 &
0,4
0,3 ~
0,2
0,1
0,0
-2 -0 00 01 02 03 04 05 06 07 081N09 1,0 1,1 1,2
x/L,,
kpyn =3 — — kpyw=45 & — — kpyn=6
Figure 7 — Longitudinal pressure distribution factor k|,
8.5 Area pressure reduction factor kpp;
The area pressure reduction factor kag is given in Table 9.
Table 9 —Values of area pressure reduction kar
kg x0,1xm 52
General formula for kaR kAR = AO—3 not to be taken <0 nor >1
D
CAUTION — kpR is different for plating & $tiffeners.

Values of kr

Forbottom side.afid deck plating and stiffeners of planing ke =1
motor craft in"planing mode R=

plagénment mode

Forl bottem.Side and deck plating of sailing craft, dis-
plapement motor craft and planing motor craft in dis-|kp=1,5 -3 x10-4x b

in displacement mode

For bottom side and deck stiffeners of sailing craft, dis-
placement motor craft and planing motor craft operating|kgr =1 - 2 x10-4 x I,

Values of design area Ap (m2)

For plating

Ap = (I x b) x 10-6

For stiffeners

Ap = (Iy % s) x 10-6 but need not be taken <0,33 ;2 x 10-6

All dimensions as defined in Table 1.

NOTE This document considers that the local pressure diminishes when the area of a panel increases, as the panel is
subject to an average of high slamming loads on small areas and lower sea loads on larger areas.

© IS0 2019 - All rights reserved
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8.6 Superstructures and deckhouse pressure reduction factor ksyp

The superstructure, coachroof and cockpit side pressure reduction factor ksyp is defined in Table 10. It
contributes to the pressure of superstructures and cockpit side defined in Tables 12 and 13

The height Hsyp is measured from the actual deck to which the superstructure element is connected to,
Zspa or Zspt, whichever the lower, to the middle of panel or stiffener, see Figure 6. As the deck pressure
increases from its base value where Zspa < Zspr, so does the superstructure pressure (see Tables 12 & 13).

Table 10 — Values of ksyp for superstructures, deckhouses or cockpits

SuJerstructures areas

Value of ksyp motor and sail

Walking area (see 3.10)

Non-walking area (see 3:10)

0,3H 0,3H
Front of superstructures max 1—¢;0,67 max 1—i;0,50
cosoy, XZSDT cosay; XZSDT
0,4H 0,4H
Sid¢ of superstructures max 1—¢;O,67 max 1—¢; 0,50

cosar XZSDT

cosar X ZSDT

Sid

e of "open” cockpitc

0,67

0,5

Use ksyp 0,67,010,5 as above

. " " e
Sidg of "closed" cockpit and check that the cockpitpressure is 210 x 2 / 3 x hs|pE.
Top of syperstructures, includin 0,5H 0,5H
p P upper tiers § max| 1-—— S0P ;0,5 max| 1-——— S0P ;0,35
ZspT ZspT
- i - 0,6H
Non protec-ted af_t side of supersbtruc Not relevaft — seeb max| 1 SUP .0,35
tures,|including upper tiers 7
SDT
a i 0,7H
Protecte.d aft §1de of supe_:rstllj'uctures, Not relevant — seeb max!| 1 SUP 10,35
indluding upper tiers ZspT

Hsyp (m) is t
actual local

Angles oy, an
vertical (see]

a  Protect
at least outs

b Panel or
¢ IS0 118

Figure 1).

non-walking areas.

he height of the mid panel or stiffener of a superstructure area at a section x from aft Wy, measured above|the
Heck height Zspa, or Zspt, whichever the lower.

hsipg (m) is fhe height of the middle of-eockpit side panel below overflow level, see Figure 6 a).

d ar are respectively thelongitudinal and transverse angles of the faces (or their tangent when curved) agajinst

d means "proteoted from full force of waves" by permanent top, awning, etc. whose vertical projection extgnds
de the bottom,of the panel, and 20,04 Ly outside the top of the panel, see Figure 2.

| 2 defines "open" recesses where water cannot stay.

8.7 Pressure correcting factor ksy s for slamming of light and stable sailing craft

The pressure correcting factor kg5 for slamming of light and stable sailing craft is given in Table 11.

18
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Table 11 — Values of kg g

Design category Value of kgy.s for light and stable sailing craft

C&D ksis=1
ksi.s = 1 where mypc > 5 Lwi,3 otherwise
0,5
A&B 1OGZMAX<60XLWL !

ksrs =

y

mypc

but not taken <1

be

CA]
to ¢
the|

crep
tion

sing devices such as canting keels or water ballast at their most effective positon, in fully loade
. If the maximum righting lever occurs at a heel angle >60°, the value at 60° shall be taken./Fhe c
ronsidered in upwind hiking position in the calculation of the above GZpmax < 60-

alculate GZMax < 60, and it shall be adjusted for fully loaded my,pc which, where relévant, shall on
water ballasts used together, i.e not all water ballast filled.

JTION — GZMAX < 60 and displacement shall match: ISO 12217-2 normally uses loaded arrival cor

tability-in-
H condi-
Few shall

dition my,a
y consider

NO']
keel
can
of e
not
desi

9

9.1

E This factor is aimed at sailing craft that are very stable for their displacement (water bal

be acting on performances, i.e. at angles below 30°, and not “survival” stability at angles >60°
ventual foils (possible increased slamming loads to possible incpedsé in speed and dynamic s

gners and builders take into accounts their effects, including ¢h the structure.

Design pressures

Design pressure for motor craft

Tabje 12 defines the design pressures for motor craft.

Thd

bottom pressure of motor craftin_any design category shall be the greater of the di

mo

In
mo

In d
pla
dis
Thd

pre
red

NOTI

e bottom pressure Pgyp or the planing mode bottom pressure Pgmp (see NOTES 1 & 2)

sign category A or B, the side\pressure of planing motor craft shall be the greater of the di
e side pressure Psyp or-the planing mode side pressure Psyp. (see NOTE 3).

ing or displacemernitimode: the “mode” to consider is the one where the bottom pressure
lacement is the-greater. (See NOTE 4).

pressure for'side plating defined in Table 12 is determined by interpolation between

iction factors, including kapg, for bottom and deck.

E-©) Thereason behind this double requirement is that, in rough seas, craft that usually plane

s, heavy and deep ballast, etc.). The limitation of the heel angle at 60° considers stability charact

considered in ksps due to lack of data at time of publication of-this document, but it is recomn

esign category C or D, the side pressure of planing motor craft shall be the one corres|

ast, canting
eristics that
The effects
Fability) are
nended that

bplacement

bplacement

ponding to
planing or

he bottom

ssure (ofvpart of it) and the deck pressure, and for the same panel, i.e. using the same pressure

n flat water

progress at a slower speed In the same manner as a displacement cratt, undergoing eventual breaking waves.

NOTE 2

NOTE 3

Craft well into the planing mode with V/Lw1,05 = 5 usually experience Pgyvp values > Ppmp.

In planing mode, the side pressure may be smaller than in displacement mode as, in the planing mode,

the side pressure is interpolated between 0,25 Pgyp p and deck pressure, whereas, in the displacement mode, the

side

NOTE 4

limi

©IS

pressure is interpolated between 0,8 bottom pressure and deck pressure.

In design category D there is little risk on having to slow down because of rough sea, an
ted in category C.

02019 - All rights reserved
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Table 12 — Design pressures for motor craft (kN/m2)

CAUTION — kaRr and therefore pressures are different for plating and stiffeners, see Table 9.

Motor craft bottom
in displacement

0,33

Lpc +20

Pgmp Basg =2,4 m

Pgvp =maX(PBMD Base XK ar X Kpc XKy, ; Ppy MIN) with

mode D [/ 033 \ - - 1
BMD Povi MIN PLT :maxUU,ll-bxmLDC F0, 9Ly, XKpe J¥KT0TC; /J for plating, and
Pgym MIN sTF = max(O,SSPBM MIN PLT ;7) for stiffeners
0,1m
_ Y lmipc 05
Pgnmp BASE ——X(1+ch ><kDYN)
Motor crjaft bot- Ly XB¢

tom in planing

for plating, and

Psvp MIN STF :max(0,85PSMp MIN PLT ;5) for stiffeners

mode |P _ ) .
BMP Pgyp _maX(PBMPBASEXkARXkL'PBM MIN)'Wlth
PeM mIN pLT and P MIN sTp are the same as for displagement.
0,33
Ppy gasg =0,31 mype +12
Motor crpft deck
and cockpjit bottom 7
Ppwm sane for | Py =|0,8Pgyp past - (0.8Pgup BasE ~ Pom pasg )*min 1 |k g <kpe <Ky,
displacgment & ZspT
plarfing Not taken <5 for walking area or <355 for non-walking area, both for plating and
stiffeners
z
Psmp =| 0.8 PBMDBASE _(0'8PBMD BASE ~ DM BASE)Xmi“ P ;1| [xkaR *kpc xky,
SDT
Motor cyaft side | Poyp yyy prr = max| 0.8Pgy win prr —(0,8Pay min pLT _S)X—Q 50,9Lyy, Xkpc ;5
in displgcement Zspr
mode [Psmp
for plating, arid
Poypaiiostr = max(0,85PSMD MIN PLT ;5) for stiffeners
[ Zq—Z¢
Psip =| 0,25Pgyp sk — (0,25 Pgump pask — Ppm pask )X min i1 kg Xkpe XAy,
Zspr —Z¢
Z,—Z
b - —(0.25pP _q\Xmin(L-J-n 9l xk 15
Motor Cra[t Slqe ln N) INTPLT \ DM-MIN FLT 7 kZ _Z ) VWL DU
. SDT C
planing mode Psyp

20
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Table 12 (continued)

z
| Zspa
Psypm =| 0,8PRMD BASE ~ (O'SPBMD BASE ~ PDM BASE )X m“{ PR HX
SDT

Motor craft su-
perstructures and | kg xkpc xkp, xksyp
cockpit side PsypM |Not taken <5 for walking area or <3,5 for non-walking area, both for plating and

stiffeners

With kgyp taken from Table 10 according to area

Zq |s the height of point Q at mid-panel or stiffener above waterline (W, or chine see Eigure p), Z¢ is
theg height of the chine above waterline, and Zspa and Zspt are respectively the height of actpial and
theoretical hull deck limit above waterline (see Table 4 & Figure 6), all values considered at distance x

from aft of Lw.. For cockpit bottom Zg need not be taken less than Zspa.
NOTE 1 The base pressure for planing craft in planing mode contains the kpg. factor but atjthe power
0,5|/because the pressure is more governed by impact loads due to speed-than sea conditions.

9.2 Design pressure for sailing craft

Tabje 13 defines the design pressures for sailing craft.

21
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Table 13 — Design pressures for sailing craft (kN/m2)

CAUTION — kar and therefore pressures are different for plating and stiffeners, see Table 9.

0,33
Pgs Bask :(ZmLDC +18)XkSLS

Sailing craft bottom | Pgg = maX(PBS Base XK ar XKkpc XKk Pgs miN ) with
PB L il
PgsvinpLT = max|‘(0,3><mf]';cj +0,66Ly, Xkp )ka ;10T 7J for plating

Pgs MIN STF = max(0,85PBS MIN PLT ;7) for stiffeners

_ 0,33
Ppg gasg =0,5mpe +12

Sailing crjaft deck
and cockp]t bottom VA
Pps Pps =| PBsBASE _(PBS BASE ~ PDS BASE )Xmm p i1 || xkaR XkpclxKy,
SDT

Not taken <5 for walking area or <3,5 for non-walking area,’both for plating and stifferfers

Z

Pss =|:PBSBASE _(PBSBASE ~Pps BASE )Xmi“ A :|XkARXkDCXkL

Zspr
- L . A
Sailing craft side Psg Q

Pss min pLr = max| Pge vn prr — (PBS MINPLT _5)i5 for plating

SDT
Pss MIN STF = max(0,85PSS MIN PLT ;5) for stiffeners

Z
. _ .| Zspa |
Sailing cpaft su- | Psyps _|:PBS BASE _<PBS BASE ~ Pps BASE)Xmm 7 i1 j|XkARXkDCXkLXkSUP
perstructpires and SDT

cockpit sile Psyps |not taken <5 for walking area or <3,5 for non-walking area, both for plating and stifferjers

With ksyp taken from Table 10 according to area

Zq is the height of point Q at mid-panel oy stiffener above waterline (W, or chine see Figure 6), Zspa and Zspr are respectipely
the height offactual and theoreticalhull'deck limit above waterline (see Table 4 & Figure 6), All values considered at distgnce
x from aft of{Lw. For cockpit bottam Zg need not be taken less than Zspa.

9.3 Watertight bulkheads and integral tank boundaries design pressure

9.3.1 Geperal

Table 14 ddfines the design pressures for watertight bulkheads and integral tanks
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Table 14 — Design pressures for watertight bulkheads and integral tanks

Type of watertight partition Design pressure (kN/m?2)
Watertight bulkhead Pwg="7 hgp
Integral tank Pwg =10 hp

Where hp is the water head, (m), measured as follows (see Figure 8):
— for plating, the distance from a point 2/3 of the depth of the panel below the top of bulkhead;

— for vertical stiffeners, the distance from a point 2/3 of the depth of the stiffener below top of
bulkhead;

— for horizontal stiffeners, the height measured from the stiffener to the top of bulkhead!

CL CL CL
| | L
<t | i
= | T |
S| | 4 | N
< Izln | I | ':m Al
= | [ |
W T
| - ;_/ = |
| ~
i_
a) Watertight bulkhead b) Integral tank bulkhead

Figure 8 — Watertight and integral tanks bulkheads
Where there are plates of different thicknesses or scantlings, hg for each panel shall be measpred to the
lowest point of the panel.

For|the determination®of the tank design pressure, the top of the overflow shall not be thken <2 m
abole the top of the tank. Where the tanks form part of the deck, this shall be assessed according to the
reqpiirements of'this section.

9.3)2 Integral tanks wash plates

Intdgral tanks shall be subdivided as necessary by internal baffles or wash plates. Baffles or yash plates
that support hull framing shall have scantlings equivalent to stiffeners located in the same position.

Wash plates and wash bulkheads shall, in general, have an area of perforation not >20 % of the total
area of the bulkhead. The perforations shall be so arranged that the efficiency of the bulkheads as a
support is not impaired.

The general stiffener requirement for section modulus may be 50 % of that required for stiffener
members of integral tanks.

9.3.3 Collision bulkheads

The scantlings of collision bulkheads, where fitted, shall not be less than required for integral tank
bulkheads.
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9.34 No

n-watertight or partial bulkheads

Where a bulkhead is structural but non-watertight, the scantlings shall be calculated as a stiffener.
Clause A.13 sets up recommendations for plywood or sandwich structural bulkheads.

Non-structural or redundant stiffeners are not considered as part of the structure and therefore outside
the scope of this document. See A.7.4 for more details.

9.3.5 Centreboards of lifting keel wells

In addition to the requirements of ISO 12215-9, the design pressure of centreboards/lifting keel wells/

casing shall be atleast 10 Tc below Dy,

For slidingl/daggerboard type centreboards or foils, it is a good practice to reinforce the aftbottorn of

the well/htill to avoid damage in case of longitudinal shock on the appendage, e.g. floor, extralamin
UD belt, crash box, etc.

9.3.6 Transmission of pillar loads

Bulkheads
loads and
ISO 12215-

9.3.7 Lo

Annex K g
requireme
structural

10 Mechfanical properties and design stresses

10.1 Boat

As a basel
terms of by

buildin

typeo
etc.

In additior

building environment (e.g. temperature, hygrometry, etc. during storage and building);

that are required to act as pillars in the way of under-deck girders&ubjected to concentrs
ther structures that carry heavy loads shall be dimensioned according to these loads.
10 for mast step analysis for sailing craft.

hds from outboard engines

ves information on loads exerted by outboard engiiies to the craft's structure. It is n
nt of this document as it is not a pressure load, but-it may be useful for the transom or d
hssessment. Reference N° [15] gives more information on that point.

. building quality factor kgp

ne, this document considers\that the builder has properly followed the state of the ay
lilding and material supplier' requirements, e.g. where relevant:

g process (e.g. preparation process prior to building such as dusting, degreasing, priming, e

F material (e{g-proper combination of material, etc.);

, ahd ‘for Fibre reinforced plastics (FRP) material only, the factor kgp reflects the qua

ate,

ted
See

Dt a
raft

lity

of the “as

uilt” material obtained by the boatbuilder. Annex C shall be used for the assessment off

the

initial mechanical properties of composites, then adjusted by kgg.

Table 15 defines a range of 3 building process quality levels, reflecting reliability of mechanical

properties

24

and their corresponding values of kgp shall be used in Table 17.
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Table 15 — Values of kgg factor

Value of kgp
Built quality Builder characteristics . Infused, pre-
Hand laid L

preg or similar
Mechanical properties of the laminates are produceda, as
built, based on test of the mechanical characteristics (mod-
ulus, breaking strains, etc.)b. 1 1

TESTED Tested val Tested val
Monitoring records, material batch traceability, frequency |On Testedvalue| on lested value
(once ayear as a minimum) and test procedures are drawn
Up ITTto a qUatity procequrs, such as SO 900t orequivatent.
Fibre mass content monitoring, obtained either from
sample thickness with theoretical approach, either burning
process; for range of representative layups. 0:9_5 of caleu- 1 Of_
HIGH o ) . lation/ Table Calculation/
Monitoring records, material batch traceability, frequency valué Table value
(once ayear as a minimum) and test procedures are drawn
up into a quality procedure, such as ISO 9001 or equivalent.
No measurements or checking on fibre mass content. 0,75 of calcu-
LOW ; : lation/ Table 0,80)of calcula-

Vol'urr_le content is ta_kt_en from Table C.7, accordlpg to relevant f tion/[Table value
building process (minimum value where there is a range) value

a

b

and

Not based on UD layers only.

Tests are based, for stresses on 90 % of mean values or mean value minus 2 standard deviations, whicheve
mean value for modulus, see Item 2 of Table C.1.

the smaller,

NO']
sele]
Buil

10
The

NO1
that

E Metals, wood/plywood and sandwich cores, até available through industrial processe
ction and their mechanical properties are not significantly dependent on the craft manufactur
d factor kpp is therefore considered as 1, so that Table 17 defines their design stresses without kg

2 Assessment method factor kaym
assessment method factor kayv isdefined in Table 16.

E This factor has the purpose to "balance” the results from the various assessment method
simpler assessment methods‘give more conservative results than more scientifically developed

Table 16 — Assessment method factor kay

5 and/or by
ng process.
B-

s, to ensure
bnes.

Determination of kam
Value of kam
Assessment method
FRP & wood Metal
Methiod 1 "Simplified" method 0,9 1
Method 2 "Enhanced" (ply by ply) method 0,95 1
Method 3 "Developed” and 5 "FEM" methods 1 1
Method 4 "Direct test" 1 1

10.3 Design stresses according to material and calculation method

The design stresses are defined in Table 17.

© IS0 2019 - All rights reserved
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Table 17 — Design stresses for plating and stiffeners according to material

Material Structural element Direct stress gq Shear stress ¢
N/mm? N/mm?2
Single skin plati
s;rr;%leifsieiinngeiﬁgg 0d = 0,5 oyf x kg x kam T4 = 0,5 Ty x kBB * kam
Stiffenersa 0do = 0,5 oyt x kg x kam 74=0,5 7y x kg x kam
Sandwich outer skin 04 =0,5 oyt x kg x kam 74=0,5 7y x kBB X kam
i . 0,33
Sandwich inner skinab | 7di min[0,5 ouc ; 0,3(Ec x Eco x Geo) 23] 74 =0,5 Ty x kB % kam
kpp x kam
FRP Sandwich core or bulking Core corgprelsswe ?tress Core shear stress
material perpendicular to faces
Use minimum or o End graln balsa Odcco = 0,5 Oycco X kAMC Tdco = 0,5 Tucao X kAMC
uco N
o T core valuo givn | Elangation st breakl .5 kvt | a0 =055 o e
y core manufacturer/ |=
rovider in directions b |E] ti t break
al;)ld I where relevant (see >305n0}g0231 ton at brea Odcco = 0,65 Oycco X kAMd Taco= 0,65 Tyco X kaM d
Table A.4) Honeycomb Odcco = 0,5 Oucco X KAMER~"Tdco = 0,5 Tuco * kaMf
Aluminiuth Plating o4 =min(0,6 oyw ; 0,90yw) 7q4=0,58 0q
alloy Stiffeners 04=0,7 oyw f 4= 0,58 04
Steel Plating o4 =min(0,6 oy ; 0,90y} 9= 0,58 04
ee
Stiffeners 04=0,80y 74=0,58 04
Laminatefl Plating 04 = 0,5 oyf x kKamt 74 =0,5 Ty x kam
wood & ]
plywood Stiffener 0d = 0,45 dypx kams8 74 = 0,45 Ty x kam
Plyzvggg . Stiffener 04 =045 oy x kam8 T4 = 0,45 Ty x kam
S"l‘fof)tgc < Stiffener ¥4 = 0,4 oys x kame T4 = 0,4 1y x kam

CAUTION + kgg is a boatbuilding quality factof ahd only concerns FRP, see Annex C.
Mechanical|properties for core (0¢o Tco; Eco & Geo) shall be taken from "minimal "manufacturer/provider value

The requirgment for inner skin considers wrinkling effects, even if not formally stated.

d  Accordlngto.core material type.

¢ Where fhe balsa‘exhibits a low degree of variability in mechanical properties and measures are taken to
the core by|resin encapsulation in cases where it is used, factor 0,5 may be raised at 0,55 7.

a g is copsidered where stressed.in-Compression (usually the stiffener top flange) and ot is considered wHere
stressed in tension (usually the plating); both verifications need to be calculated; see Annex C on how to asses§ oc.
For sandwifh inner skin, there.is ah additional requirement 0,3(E¢ x Eco x Gco)0-33 that prevents skin wrinkling.

b Ecisthg compressive E'mpdulus of inner skin in direction b, 0/90° plane axis of panel E¢cg is the compressiye E
modulus of|core perpendicular to skins, Gco is the core shear modulus in the direction parallel to load.

eal

e Honeyc

the panel.

explanations.

TND Ay Tave aiffeTent vatues (b amnd 1 diTections, See 1abte Az,

f For welded aluminium and where the maximum stress is within the HAZ (Heat Affected Zone). From
Eurocode 9 and MIG welding, the HAZ distance from the closest weld end is 20 mm for t < 6; 30 mm fort6 <t<12,
and 35 for 12 < t <. If aluminium is not welded, i.e. riveted, glued, etc. or where the analysed area is clearly outside
the HAZ; the non-welded properties may be used. Documented as welded data may also be used.

g The ultimate flexural strength of laminated wood or plywood plating is measured parallel to the b direction of

NOTE These design stresses apply in the direction of load i.e. along the small dimension b, of a panel, and for
stiffeners along its length, this also applies for the attached plating to the stiffener. For orthotropic panels, see
A9 the design stresses may be needed in the b and I direction. For sandwich plating and stiffeners, the stress is
either a tensile or compressive strength according to the distance from the neutral axis, see Annex H for more
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11 Methods for structural analysis and scantlings determination

11.1 The six available methods

Six methods for structural analysis and scantlings determination are defined in Table 18, sorted out by
level of simplicity. Several analysis methods may be used for the same boat. The detailed application of
the methods is given in the Annexes.

Table 18 — Methods for structural analysis and scantlings determination of plating and

stiffeners
]
Analysis . Element aterial
Ihethod Material Method type checked Clauses & Tables Jl:'lloperties
Metal, & wood
(plywood & cold | Formula for tgq Single skin AltoAd&Alll
o4 from Table’17
moulded)
. . A1toA94& A.10.2 Annexes C
1 GRP trgr(:g;glrlrlr?efglirﬁdw Sl;lagrllz‘s/\ﬁlcr}ll& E & H:3 for sandwich for GRP G
S{mplified f Og-from Table 17 for wood
AXtoA9,A.12,G &H.4 for
. stiffeners,
GRP Fgq, Mg, SM, tweb Stiffener A13 for bulkheads Annex C
o4 from Table 17
2 o | auesisotropic | Py by ply analy .11 &3 sandwich
: . sandwic
Enhanced FRP sis Fq, M4, tweb PlaFing (single A12 & Ha stiffeners, Anrcle;(e;s B,
3 Same as above & Skln & Sand- A13 & H4 bulkheads - -
Developed AITFRP CLT wich) o4 from Table 17
stiffeners
4 Any but mostly Fq, M4, SM-&
Djrect test FRP bendingtest LLa Nptrelevant
Plating (single
5 Any, including 3D Finite ele- skin & sand- @Tgbﬁggsls;gigmm Annexes B,
FEM Developed FRP ments method |wich) stiffeners P C&F
o4 from Table 17
& Global
Alternative test
6 FRP & non-nein-

Drop test forcedGRTtic Test Any/All Annex D Nt relevant
CAUTION — For.ERP, the thickness required from Table A.5, or wherever such thickness appears
in this document shall not be measured, but translated into a mass of dry fibre reinforcement
wy (kg/m2)dising the fibre content in volume ¢ or in mass ¥ according to Tables C.2 pr C.7, and
compared:to the actual reinforcement mass.

11.2 " Method 1: "Simplified" method

The "Simplified" method is only valid for:

— Single skin or sandwich GRP (glass reinforced plastics) with the same properties in directions b and
I and made from the fiberglass plies listed in Tables C.5 to C.10;

— metals and wood (plywood or laminated wood, see Annex F).

This method is explained in detail in Clause A.10 and left column of Table A.5, for single skin or sandwich
plating and for stiffeners with the following inputs, where relevant:

— design pressure defined in Tables 12 to 14;
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for wood/plywood laminates;

core strength.

design stresses defined in Table 15 to 17 and in Annex B for metals, Annex C for GRP, and Annex F

for sandwich specific requirements according to Table A.6 for stresses in skins and Table A.7 for

Annexes E and H may be used for section modulus (SM) or shear force and bending moment calculation.

11.3 Method 2: "Enhanced” method (ply by ply analysis)

The "Enha

nced" method is applicable to plating and stiffeners made of the same materials as in

the

simplified
to C.10.

This meth
for the sim|

For stiffeng
larger tharn

NOTE |
different prj
directions r

11.4 Met]

The "devel
are the san

It uses CLT|
checks the
strength. A
software ¢

NOTE ]
stresses SR
direction) t
the results

11.5 Metl

The ultimate bending mement and shear force of a laminate panel/strip (single skin or sandwich) ¢

a stiffener
equal to th|

As for the
force) shal

method plus general orthotropic materials, see Note, made of the plies listed in Tables

d is explained in detail in the right column of Table A.5 and in H.1 with the same input|
lified method.

brs, Clauses A.12 to A.14 apply, verifying that the actual bending moment and shear force
the design values of Tables H.6 to H.8 or by the pre-calculated values.of Annex G.

operties at 0 and 90°, but some orthotropic materials have the same properties in the 0 and
elatively to the panel dimensions b and I.

hod 3: "Developed” method for any laminate, ineluding non-balanced lamina

e as for the enhanced method, see also right coliimhn of Table A.5.

(Classic laminate Theory) which analyses.the laminates ply by ply as Annex H, but usu
strain or stresses in the two directions b.and [ using Tsai-Wu or Tsai-Hill, or other criteris

great number of CLT software is available in the market. One shall check whether the
bnsiders wrinkling on the inner skip'6f a sandwich, and the shear stress in the core.

'he enhanced method ply by ply uses gf for single skin in Annex H, but not the Tsai-Wu analys
M method in Annex C. For othet\laminates (non-balanced i.e. using triaxial fabric or UDs in only
he enhanced method needs ELTF method with Tsai-Wu. Thus this document introduces kaym to re
f the various methods to haye the simplified method more conservative.

nod 4: "Direct testmethod"

with its attached plating are tested on a bending machine/bench, to check that it is at |
e requiredvalue. This allows to disregard the properties of each ply.

test standards quoted in Table C.1, the calculation strength (bending moment and sk
be taken as 90 % of the mean ultimate strength or the mean value minus two stand

C.5

S as

are

sotropic materials have the same properties in all directions, general oxthotropic (anisotropic) have

90°

fes

bped” method is valid for any type of laminate, including the non-balanced ones. The inputs

ally
for
CLT

s of
one
tify

r of
bast

ear
ard

deviations, whichever is the lesser. The design bending moment and shear force shall be 0,5 x kgp of this
result, with kapm = 1, see Table 16.

As testing usually induces large deflection, the reaction forces at end supports may not be parallel
to the load force(s). In that case the actual bending moment may need to be recalculated to consider
misalignment, unless a specific support device corrects it.

11.6 Method 5: "FEM" Finite Element Method

11.6.1 Ge

neral considerations

This method, mainly applicable to "developed" FRP construction, recognizes that structural components
are best analysed using 3-D numerical procedures, now easily accessible. It uses Tables 12 & 13 for the

28
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design pressure and Table 17 for the design stress or strain. The mechanical properties of th
shall be derived from the relevant Annex (Annex B, C, or F).

The recommended method, only applicable for linear analysis, is:

e materials

1) apply a unit pressure to the analysed elements, taking care how the model is “held” and ensure that

results of outside forces and moments is nil;

2) calculate the stresses oj in each analysed element due to the unit pressure;

3)

11 41

check on significant elements that gj x Pq < o4, where Pq is the design pressure, determined for each

1 1k 1 £ £ + C Nataf, 1 43 1 1o
PAITCT VW ITIT oIl T T CTCVAaTIC TaC toOT S O CTINOTCTOT al arceTiractrv CCarcuratrorts

Thd
sub

selection of the stress assessment method and software are subject to the criteria‘gi
clause.

The
arr

FEM method may also be applied, as suggested in 7.3.2 and elsewhere, to analyse specif
ingements, and, where possible, determine a policy for natural stiffeners, €tc.

NO1T
pres

E As P deck = 0,25 P bottom and P side = 0,6 P bottom, therefore, ope, could use a pressu
sure for bottom, 0,6 for side and 0,25 for deck.

IM
fro

ORTANT — It is considered a prudent design practice to-compare the scantling
this method 5 with those derived from the enhanced method (see 11.3). A

[ven in this

c panels or

e have unit

bs derived
technical

explanation shall be provided in cases where these 3D nuimerical procedures give significantly

lower scantlings than those given by the enhanced method.

11.6.2 General guidance for assessment by 3-D numerical procedures

The term "3-D numerical procedures” is intended:to indicate any structural assessment me
is npt limited to simple geometries. In most cases’the term corresponds to finite element ana
11.6.3 Boundary assumptions and load application

No ¢xplicit boundary assumptions are specified within this document. The analyst shall enst
critical area to be analysed is located well away from the model boundaries.

Wherever possible, loads should be applied as distributed loads. Where forces or moments
as goncentrated nodal loads;these shall be located well away from the critical area to be ana3
11.6.4 Model idealisation

Modlels may be of beam-element, plate or brick type. Where beam elements are adopte
plafing dimensions shall, unless otherwise documented, be obtained from A.12.5 or from

bending effects.

hod which
ysis (FEA).

Ire that the

hre applied
lysed.

1, effective
published
have this

eplicate local

Unless a non-linear analysis is used, analysts should make sure that buckling modes of failure are
precluded. This can normally be accounted for by respecting the allowable slenderness ratios for beams
and flanges as outlined in A.12.6.

11.7 Method 6: Alternative test: Drop test

The drop test, specified in Table 2 and Annex D, only applies to craft with Ly < 6 m. For this size of
craft, the related double curvature and/or monocoque effects and robustness cannot be fully taken
into account by the methods in 11.2 to 11.6. The drop test method offers an alternative particularly
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applicable to craft made of non-reinforced plastics, where thickness and dimensions are not easy to
measure, and where the large deflections may not be dealt with by the theory applied in this document.

11.8 "Good practice” minimal thickness

This document does not require any minimal thickness for craft other than "heavy duty" workboats,

see Clause

12 Craft

12, but for information only, informative Annex I gives "good practice" values.

for professional use: Commercial craft and workboats

For commg
requireme
for profess

13 Owne

13.1 Gen
Where reld

13.2 Norl

"CAUTION
This mean
used "with|

13.3 Info

Where san|
informatio

"CAUTION
damage frq

13.4 Info

Where reld

14 Application form

The applic
applied.

h in the owner's manual, or any equivalent or more detailed information:

rcial craft and workboats, Annex ] shall be applied in addition or replacement of the of
nts of this document. It gives additional requirements for the assessment of commereial c
jonal use (bareboat rental & charter, workboats of light or heavy-duty type).

ir's manual

bral

vant, the information in 13.2 to 13.4 shall be included in the owner's manual.

mal mode of operation
— The owner is responsible for ensuring that the normal mode of operation is maintail

5 that the speed of the craft needs to be matched te, the prevailing sea state, the craft b
good seamanship behaviour.”

rmation to take care of sandwich plating

dwich outer skin is thinner than the ‘good practice" values of Annex I, include the follow

— The outer skin of the craftis strong enough to resist the design pressure but not 1
m hitting hard/sharp objects.'If the outer skin is damaged, it shall be repaired immediat

rmation required by Annex ] for commercial craft and workboats

vant, include theZinformation required by J.3.

htiontform of Annex L, or equivalent, may be used to detail how this document has b

her
raft

ned.
Ping

fing

bcal
3l},lu

een
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Annex A
(normative)

Application of methods of analysis 1 to 3 of Table 18

Where one of the methods of analysis 1 to 3, as defined in Tables 2 and 18 has been chesen f
stryctural analysis, this Annex shall be used. This Annex is common to methods 1, 2 and 3.

Panel assessment

A.2l1 General case: Dedicated and regularly spaced secondary stiffeners

In qraditional metal or wood single skin construction the "secondary stiffeners”, i.e. thg
dirgctly support the plating, see 7.1, are "dedicated " stiffeners like stringers, frames, bed
whe¢re their spacing do not varying too significantly betweern one and another, and subcla
be ¢asily applied. In that case, this document considers that'the plating is fully fixed (clan
conpection with the secondary stiffeners, as it is subject toa near constant pressure over ne
support spacing, and the application of subclause A.7 is fully relevant.

A.2.2 Panel assessment in other cases

Thd
stry
and|

history of small craft structure, and partieularly the advent of FRP construction have led
[ctural arrangement than in metal craff, taking advantage of curved shapes, accommod
the structural arrangement often rély-on the following type of stiffeners:

Dedicated stiffeners, e.g. stringers, girders, bunk edges, frames, liners, tray mouldings, ¢

Natural stiffeners, e.g. angled centreline, deck/hull angles, hard chines and round bilges|

Figlires A.1 and A.2 show a-wariety of natural and dedicated stiffeners. Figures A.1a) and 4

sections without dedicated natural stiffeners but with three natural stiffeners, s1, s2, s3 1l
hull-deck joint and the-Centreline. In Figure A.1 d), the centreline has no chine or Vee and

con
sho

Kidered as a stiffener, and there are only two natural stiffeners, the hull/deck angles. Fi
s a section‘where the liner adds two dedicated stiffeners each side sy, s3, s5 and sg.

Determination of the short dimension and curvature of a panel

br the craft

ones that
ms, floors,
1se 7.1 can
ped) at its
W constant

Fo different
ations, etc.

tc.
etc.

\.1 c) show
ade by the
cannot be
ure A.1b)

o

aight li n the close hese s
Figure A.1) then calculate k¢ according to Table A.3 and Figure A.8.

A.4 Very large panels

ber c, (See

Find the minimum distance between the two closest “natural” stiffeners. In the case of Figure 6 d), the

only natural stiffeners are the two deck/hull angles as the centreline is not stiff enough to b

e a natural

stiffener. Measure the camber of the panel, ¢, and calculate k¢ according to Table A.3 and Figure A.8.
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S1

) d)

Key
S1, 52, S3, S4. §5, Sg, 7 stiffeners

Figure A.1 = Examples of panel size and curvature assessment

In Figure A.1 d) considering the whole bottom as one panel with camber ¢ will probably lead to ¢ver
conservatiye assessment and the solution in Figure A.3 a) to d) are probably more appropriate.

A.5 Case¢ where round bilged and hard chined panels act as "natural” stiffeners

A.5.1 General

To find out whether a "round bilge" acts as a stiffener, the following method is recommended, see
Figure A.3. Other documented methods are acceptable, including through the use of FEM.

A.5.2 Case a: For curved or U-shaped panels:

Find, if possible, a circle that corresponds approximatively to the shape of the hull. Its connection to the
hull is usually at the tangent point with a parallel to the diagonal between bottom at Cy, and deck edge.

— If the radius R of this circle is <0,40 Lpjag the length of the diagonal, and if the chord of contact or
intersection between the circle and the hull is >0,8 R, the "turn of the bilge" is considered strong
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enough to be a "natural” stiffener, and the panels b1, b2 are determined between angles and tangent
points, as in Figures A.3 a) to A.3 c).

— Ifthe radius R of this circle is >0,40 Lpiag, the length of the diagonal, the "turn of the bilge" of section
is not eligible as natural stiffener and the panel shall be assessed between "eligible" natural stiffener
as, in Figure A.3 d), the deck edge and the keel.

A.5.3 Case b: Where a centred circle can be inscribed in the bottom panel

This type of section is frequently found in the front % of flotation on many sailing crafts, see
Figure A.3 b). The curved centred panel is considered as a natural stiffener if the distance between

tangents points (the chord length) is >0,8 R.
A.5l4 Hard chined sections
For|hard chined sections the length b used for calculation shall be taken as the ac¢tual b betwgen chines,
mu tiplied by the correction factor kcy taken from Figure A.2 according to chine averagd angle, see
re A.3 e). In that case b x kcy shall be used instead of b for all calculations: Ap, kag, prgssure, etc.

Where the requirements of this subclause are followed, the plating and the\chines, acting as lgngitudinal
framing, are considered to fulfil the requirements of this document.
NOTE In that case, the whole hull section acts as a self-stiffened arch.

1,6

AN,
/
1,5 A ‘
X !
!
Nd i’
1,4 /
/
/
g G
7
«5 1,3 | .
/
N /
| l'
1,2 . .
1,1 7
‘ 1=
SN oy P00 AN AN [ S I ——
' R I R N g o
10 oo
90 100 110 120 130 140 150 160 170
a
avg

The curve may be approximated by the following formula:
kcy= 1,493 6:10-9a5 - 8,894 8:10~7a% + 2,107 6:10~4a3 - 2,479 9-10~2a2 + 1,448 4a - 32,578 3

Key
Qavg chine average, davg = 0,5(a; + aj+1)

kcu correction factor

Figure A.2 — Correction factor kcy according to the chine average angle
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bg Chord >0,8 R

a) "High" round bilged section b) Circle centred section

c) "Flat" round bilged section

d) Section not eligible for natural stiffener e) Hard chined section

Figure A.3 — Round bilged and hard chined sections
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A.6 Examples of stiffener dimension assessment

A.6.1 General

Figure A.4 gives some examples of stiffener dimension assessment, where I, is the long unsupported
dimension of a stiffener. In the case of a top-hat stiffener, I, is the distance between the centrelines of
top-hats [Figure A.4 ¢]]. A similar method as the one for plating may be used.

Iu3 Iu3

™
™

N PN

Iul Iul
a) b)
| Iu3 | lu3

™
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Key

1
2

Iu3/2

Cu3

Ci1

Iu3/2

closest tangent point
tangenf of connection between floor and frame

Figure A.4 — Examples of stiffener dimensions on a FRP craft

A.6.2 Explanation of Figures A.4 a) to A.4 f)

a) Continuous stiffeners not connected by gussets.or radius ly1 for floor, I,2 for frame, I3 for beanj.

b) Stiffe:l:rs with gussets at the junctions: [, issmeasured inside the gusset junction.

c) Gussets with tangential junctions: the ends of I, are at the closest tangent points (Key 1).

d) Framep and beams with sniped-ends to allow the deck to be attached at a late stage of builg
withoyt subsequent lamination.

e) Curved stiffeners with clearldimit floor/frame showing how to define the lengths I, and cambs
to assqss kcs.

f) Curved stiffeners without clear limit floor/frame: use the same method as in A.5.

NOTE In Figure.A.4 a), b) and c), the beam and frame are fully fixed at both ends, whereas in Figure A.

the frame i$ simply~supported at its top end. The limit floor/frame (Key 2 in Figure A.4) is at their tanger
junction point,4ie.'a change in the stiffener height.

Table A.8 an

ling

rCy

- d),
tor

1gures an

glve shear force an ending moment according to type o

end

connection. In Figure A.;L d), the ffame shall be considered simply supported at its top and fully fixed
at its connection to the floor, whereas the floor shall be considered as Fully Fixed at both ends and the
beam as Simply Supported at both ends.

36
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a) Pressure gn-a panel without and with stringer
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b) Pressure on a frame (left) and stringer (right)

Key

1 bottom|area

2 sidearga

3  deckarga

4 supersfructures side area
5 supersﬂructures top area

Figpure A.5 — Definitions of areas, and pressure assessment of panel or stiffener

rchiffonor acroc

A.7 Calc“lﬂ.“‘l\“ aoftho ceantlinoc l\f

O Pl o¥a\
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A.7.1 General

For the scantlings calculation of a large panel across several areas, one may use one of the methods
presented here, the method with constant thickness is easy to apply, whereas the method with variable
thickness is more appropriate for a vertical panel across bottom, side and, where relevant deck where b

is closer to vertical than horizontal.
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A.7.2 Examples of determination of panels or stiffeners with constant thickness or
section modulus

This method considers that the pressure applied to a panel is based on its weighted average pressure.
Same approach for a stiffener whose pressure is the one of the area it is supporting.

The pressure on a panel or its stiffener is not constant, even if it is only in one area, as the pressure
varies with its size (kar), longitudinal position (k1), and, where relevant, vertical position. Where a
panel or stiffener extends over two or three areas, its base design pressure is determined as a constant
pressure over the entire design area, calculated as a weighted average between the pressures, as shown

int

Detprmine:

Thg averaged bottom/side/deck pressure Pqi @f“the whole panel is calculated at poli
intgrsection of a perpendicular to mid chord with the hull according to the first formula o
The

hul

For

height (as the top part is sniped, it is its apex). The camber c4 is measured between hull and 1
Apply the relevant Clauses A.%-to A.12 for single skin /sandwich panels, or stiffener.

NOTE The plating in 'Figure A.5 a) left and particularly the frame may (should) be calculate

sup

he following example:

the stiffener.

kar and ki, for the panel or stiffener, corresponding to centre of area of the panel. In that
pressure corresponding to the "middle" of a panel is the one of the intersection of a per
to the middle of its transverse chord with the hull [see Figures A.5-a) and b)]

the pressure on each part of the panel or stiffener area according to each pressure arg
side, deck, etc).

the first indexes b, s and d, mean respectively the lengths and pressures for bottom, sidg
The second index p, s and f mean respectively panel,'stringer and frame.

, see left of Figure A.5 a). Same for points at middle of panels 1, 2 and 3.

the frame on the left side of FigukeA.5 b) the chord is measured between the ends of the fx

borted or semi-fixed\at’its top end.

Table-A.1 — Example of pressure determination on panels and stiffeners

the limits and dimensions of the panel or stiffened area for a stiffener i.e. the adjacent(s) panels(s) to

Context the
pendicular

a (bottom,

the final average pressures. Table A.1 shows examples of.calculation for Figures A.5 a) and b), where

, and deck.

nt Q1, the
[ Table A.1.

pressures Pipott and Pideck are constant,\but the side pressure is variable between Zgy and Zspr,
and|it shall be measured at point Qs where.a perpendicular to the chord bysp at its middle int

ersects the

ame at mid
id height.

d as simply

‘A\) ‘ Panels -See Figure A.4 a)
Definition Pressure determination
(p b V. (p VY. (p 5 \
F Ihott *PIbp )~ \* Iside *PIsp /) U Ideck °Idp /) .
PQl = Wlth
Figure A.5 a) left b1p

unstiffened panel b1, =bypp +bigp +bygp

perpendicular to mid chord with the hull.

The averaged pressure of the panel P1q is calculated at point Qq, the intersection of a

NOTE Point Qq, perpendicular to the middle of the chord is just below W1, and the bottom panel should there-
fore be divided in two parts with side and bottom pressure, but this was considered too complex for a very
small difference.

CAUTION The examples are made in a transverse section, but shall be applied to the whole panel of stiffened area, and the
point Q of Figure A.5 shall be made with the same lengthwise approach at the centre of the panel area.

©IS

02019 - All rights reserved
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Table A.1 (continued)
Figure A.5 a) right (Pavote XPanp )+ (Pasie ¥ basp )+ (Padeck XPaap )
. . PQ2= andPQ3=P3bott
2 panels with a stringer by,

Stiffeners -See Figure A.4 b)

Figire 4.5 b) left P (Papott ¥ Paps ) + (Paside XPast ) + (Padec *baar ) P
ra = ressure on frame

Frame + floor b4
NOTE Poin
(see A.12).
Figure A.5 p) right P - (Pspott XPsps )+ (Pssige Xbsss )+ (Pseck XPsas ) P .

. S5 = ressure on stringet
Stringer bs

CAUTION Tlhe examples are made in a transverse section, but shall be applied to the whole panel of sfiffened area, and|the
point Q of Figure A.5 shall be made with the same lengthwise approach at the centre of the panel area,

A.7.3 Same example but with variable thickness or section modulas

1. Calculjite the required thickness (or design bending M; for sandwichj as if the whole panel wds in
bottonn area and apply this thickness below W,

2. Calculate the required thickness (or design bending M; for sandwich) as if the whole panel wals in
deck afea and apply this thickness in upper topside.

3. Interpplate the thickness between bottom thickness and deck thickness for topsides ensuring|the
thicknpss or resisted bending moment is always greater than required.

Worked expmple:
tp required for bottom (with, for example, presstre 13,5 KN/m2) = 10,1 mm
tp required for deck (with, for example, pressure 5 KN/m2) = 10,1 x (5/13,5)0.5 = 6,1 mm

tp required above Wy, = interpolationfrem 10,1 to 6,1 mm, maybe in function of the local side presqure
that varies|with height.

This applids to Figure A.5 a) left, but could also apply to other figures such as Figure A.5 a) right where
the side thickness could be interpolated between bottom thickness at W1, and deck thickness at sumjmit
of topsides|

A.7.4 Non-structural or redundant stiffeners

Panel dimgnsions,;when taken as the distance between frames (or the distance between top-hat webs)
require thpt-the stiffeners that make up the panel boundary are able to comply with the strerjgth
criterion o Fthis document

Where a stiffener does not comply or where the stiffener is not intended to reduce the panel dimensions,
the panel may be analysed with the stiffener considered non-effective. This leads to a large increase
in the panel size, but the long side becomes the small side and may benefit from greater camber. If
the resulting larger panel complies with this document, then the stiffener may be designated as “non-
structural”.

Builders and designers are cautioned as to this term. “Non-structural” means that the adjacent panels
have been assessed on the basis that the panel is not deriving any support from the stiffener, i.e. as if the
stiffener were not physically there. However, the stiffener attracts a load in proportion to its stiffness
relative to the adjacent structure. This means that this non-structural stiffener could fail in service,
even though such a failure would not directly result in adjacent panel failure as would normally be
the case for a “structural” stiffener. Should the “non-structural” stiffener fail, this could cause cracking
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of the adjacent structure, which could result in further failure. It is not considered a good practice.
Builders and designers are advised to clearly explain this in the owner's manual as any such cracking
may need to be monitored.

A.8 Plating and stiffeners — Scantlings formulas for methods 1 to 3 of Table 2

A.8.1 Preliminary

This Clause is only valid for the "simplified", "enhanced" and "developed" methods, as the FEM method

computes directly the stresses
A.82 Thickness adjustment factors for plating
A.8]2.1 Aspectratio factors k; for bending moment and shear force ksy
The aspect ratio factors for bending moment k; and shear force, ksy forrreetangular paels, given
in Table A.2 are based on the effective aspect ratio Arg defined in bottom"note a) of Talle A.2. See
Figlire A.6.
Table A.2 — Values of k; and ksy in function of effective aspect ratio Arg for fully fixed
rectangular isotropic or orthotropic panels
Transverse factor | Longitudinal factor Factor ksyp Factlor ksy;
Panel effective kopb ka1 ) )
aspect ratio for shear forcein b | for shegr force in/
ARg? for transverse for longijtudinal direction (in middle | directi¢n (in mid-
bending moment bendingmoment of side I) dle ¢f side b
>2,0 0,500 0,337 0,520 0}460
2,0 0,494 0,337 0,516 01460
1,9 0,490 0,339 0,516 0}459
1,8 0,484 0,339 0,516 0(459
1,7 0,476 0,339 0,515 0}458
1,6 0,465 0,339 0,515 0}458
1,5 0,451 0,339 0,512 0}458
1,4 0,432 0,337 0,506 0}457
1,3 0,409 0,335 0,496 0[457
1,2 0,380 0,329 0,482 0,454 7
1,1 0,345 0,320 0,462 0}447
1,0 0,305 0,305 0,436 0}436
Approached value of these factors with formula: k; = A(l/b)5 + B(l/b)* + C(I/b)3 + D(I/b)2 + E(I/b) + F
A B C D E F
K2p -0,010 5 0,0790 -0,1441 | -0,2760 1,164 5 -0,5065 [with kzp = 0,5 for [/b>2
ki 0,0227 | -0,2497 | 1,0846 | -2,3255 | 2,4592 | -0,686 0 |with kp;= 0,337 for I/b>2
ksup -0,0032 | -0,0194 | 0,3325 | -1,2586 | 19183 | -0,5339 |with ksyp = 0,52 for I/b>2
ksHi 0,0372 | -0,3841 | 1,5530 | -3,0725 | 29792 | -0,676 7 |with ksy; = 0,46 for [/b>2
a  Agg = (I/b) x (Elp/EI})0.25 is the "Effective” aspect ratio, whereas Agrg = I/b is the geometric aspect ratio, where El, and
Elj are respectively the stiffness of the panel per unit width in the b and I direction.
For isotropic or orthotropic panels where Elp = EI}, ARE=ArG=I/b shall be used in the first column.
For orthotropic panels, where(Elp/EIl})>1, ARg = (I/b) x (Elp/EI)0:25 shall be used in the first column.
b For laminated wood panels, k2 = 0,5 in all cases.
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Figure A.6 — Curves for kyp,'R2}, ksup & ksuj

A.8.2.2 (urvature correction factor for plating

A.8.2.3 K¢

a)| Top-hat type stiffeners (FRP) b) T or L shape stiffeners (Metal)

Figure A.7 — Measurement of dimensions cp, b, c;and |

The curvature correction factor k¢ is given in Table A.3 and tabulated in Figure A.8. It is a function of
both the transverse curvature ratio cp/b and the longitudinal curvature ratio c;/I, see Figure A.7. It
applies both for convex and concave curvature and shall not be taken <0,5.

Other documented data for k¢, for single and double curvature and adjusting t, Fq and My of Table A.4,
and based on test/calculation, may be used instead of the ones of Table A.3.
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Table A.3 — Values of k. in function of ¢;/b and c;/]

Values of ¢j/1

cp/b
0 to 0,030 0,060 0,080 0,100
0 to 0,030 1,000 0,910 0,806 0,722
0,050 0,890 0,814 0,727 0,656
0,075 0,783 0,719 0,650 0,592
0,100 0,702 0,648 0,592 0,543
0,125 0,643 0,596 0,549 0,508
0,150 0,599 0,558 0,518 0,509 (min)
0,175 0,567 0,529 0,500 (min) ~0,50( (min)
0,200 0,538 0,504 0,500 (min) . 10,504 (min)
0,225 0,510 0,500 (min) 0,500 (min) <+~ 0,50( (min)
Int¢rmediate values shall be calculated by interpolation between two values of cl/lf,‘(q'/t e same valye of cp/b.
Th¢ above values may be approached as k. = a(cp/b)3 + b(cp/b)? + (cp/b) + d with '\‘V
a -59,161 -52,061 -42/596 -39,496
b 34,928 30,737 ¢ 25,148 20[957
c -79717 7,015 1 2, 457396 -4{783
d 1,209 1,0945 <) 09569 0,847 4

cp 4 camber of the panel in the b (transverse) dimension |cy =9&nYTber of the panel in the I (longit.) djmension

cp/b = transverse curvature ratio; not to be taken <0,03 Cf}QQ longitudinal curvature ratio; not taken <0,03

\s\

1,000 3 w

AN ’\e

~ C,/1=0,03
0,900 N A N N e Nl i
N I1SO 12215-5:2008
SINETK -
AN N N C[/I = 0,06 /
'k(.) N e

0,800 -~ .

§‘ . \ ~\

(ONN— \./Cz/l =0,08
=~ 0,700 v\ ‘\\ i RS
N AN
%O \ ~NO N C,/1=0,10
o~ ~ / < . N
0,600 5+ \\\ s E————
P e=mai
S ==
S ?:),400 —
0,00 0,05 0,10 0,15 0,20 0,25
Cy/b

Figure A.8 — Values of k. according to Table A.3

A.9 Design shear force and bending moment on a rectangular panel

The design shear force and bending moment on a rectangular panel with fully fixed edges (FF) at its
boundaries are defined in Table A.4; whose requirements apply both to single skin and sandwich.
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Table A.4 — Design shear force and bending moment on a rectangular panel

Force or moment Unit Formula
Design shear force in the b direction N/mm Fap = ke x ksyp x Px b x 10-3
Design shear force in the [ direction N/mm Fqp = k¢ x ksyy x P x b x (EI/EIp)0,25x 10-3

Design bending moment

in the b direction N.mm/mm Map = -1/6x kzp x P x b x 10-3
(;gl;lileectbeéiilfleecsgﬁ)r:lbending moment N.mm/mm Map core = Map % ke
gii?fgobnenﬁ"g momentin the ] N-mm/mm Ma1==1/6% Kz X PX b2 X (ETJET;J0S% T0=3
Corrected design bending moment N.mm/mm My 1 eore = Myp * ke

in the [ dirdction

b shall be tgken as the lesser of the panels dimensions, so the geometric aspect ratio Agg is always >1.
The factors ksup, ksui, k2p, k21, EIp and EIj shall be as defined in Table A.2 using Arg as indicated there.
In most casefs Elp/El; will be >1, in which case Arg will be > Arg and never<1.

In some casgs El,/EIl; will be <1, which is not regarded as good practice, but provided Elp/El} <'4rG4, Arg will still be >1jand
the approach is valid. Otherwise one will have to validate the panel using FEM.

NOTE The ending moments are negative at the fully fixed supports, see Figure A.11 a)that corresponds to ARg = 2.

CAUTION |- The formulas of Table A.4 are only valid where the panel is fully fixed at 4 edges.
This is therefore not true where a topside panel is not held. transversely and in rotation By a
deck or a|stiff beam shelf. In that case the factors ki and k2) shall be determined by spegific
formulas (Reference [16]) or from FEM.

A.10Requirement for thickness or bending moment due to pressure

A.10.1 General

The requirpments according to analysis methods 1 to 3 of Table 2 are given in Table A.5.

Table A.5 — Requirements according to the analysis method

SIMPLIFIED method-(1) ENHANCED (2) or DEVELOPED (3) methods
FRP glass, carbon and aramid

GRP agcording to 11.2, métals and laminated metals and laminated wood,/plywood

wood/plywood

Single skin laminates

P’ Under Fgp & Mgp corr in direction b or
t =bxk PX—Zb Fqrand Mgy corr in direction /
p ‘N1 000x0 4 Derived from Table A.4 & using Clause H2,

. . . i < 0g®b in the b and [ dire
th g4ab ds,defined in Table 17 For any ply of laminate o < 642b in the
With oa™7 asgghmec i able tions, where relevant, as defined in Table 17

2
]

k¢ from Table A-3 and Kpp from Table A.Z
See also C.4 for materials not in Tables C.6 to C.9

tp transformed into wg, mass of dry fibre, see 11.1

Sandwich laminates

a  Mechanical properties taken for Table C.6 to C.9 for GRP and along the stressed direction b or . See also C.4 for materiels
not in Table C.6 to C.9. Annex F for wood, Annex B for metals. Apply Table 15 to determine kgp.

b Mechanical properties of FRP shall be obtained through Annex C, and of cold moulded wood from Annex F.
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Table A.5 (continued)

SIMPLIFIED method (1) ENHANCED (2) or DEVELOPED (3) methods
FRP glass, carbon and aramid

GRP according to 11.2, metals and laminated metals and laminated wood,/plywood

wood/plywood
Section modulus: Under Fgp & Mgp corr in direction b or
bz . . 5 Fab & Mqj corr in direction [
Pxb™ x Xk x10 M

SMy; 2 2b 77C __db (cm3 /cm) Derived from Table A.4

’ 60do0,i Odo,i with k¢ from Table A.3, ko, and ksyp, from Table A.2

(tq+t5) PXbxk.xkgup |Use Tahle A.6 for skins and Table A7 for core & use
Coyeshear check: t5 =t + = cl H3 . dwich lvsi
2 1000X7 ggo ause or sandwich analysis,

For any ply of laminate o < 03b in the.bangl | direc-

fron Table A.3 and kap and kspp from Table A.2 tions as relevant, as defined in Tahle 17

Usdg Table A.6 for skins and Table A.7 for core
SMifound in Annex E, o40,; design stress in Table 17

tj of t, transformed into wy, mass of dry fibre, see 11.1

Stiffeners

2 -6 Under Fgq and Mg.derived from Table A.8
0,083xk g XPXxsxI ;"x10 ( 3)
cm

Secion modulus SM > 0 < 04 and &< 14from Table A.9,
Odt/c kcs fromTable A.10

Forltop flange oy = oy¢ and for bottom flange oy = oyt Attathed plating from Table A.11

_ Pxbxl, xkgy %1076 (cm?) Use'Clause H4 for stiffener analysis,

T4 For any ply of laminate o < 042b in the
stiffener direction, as defined in Table 17

Wep shear 4,,, 2A

wd

where Aw = h x (sum of two webs in a top hat) (cm?2) or
wep section for other shapes, Awd is the design weh Check conformity to Table A.12 for slendefness

shefar area and Ay, is the actual area.
ksa|= 5 stiffeners attached to plating, and
ksal= 7,5 floating stiffeners

SM{found in Annex G, ko, & ksyp in.Table A.2, kcsin
TaHle A.10, design stresses in Table\l'7

Usd Table A.11 for attached plating

and Table A.12 for slenderness-requirements

a  |Mechanical propertie$taken for Table C.6 to C.9 for GRP and along the stressed direction b or I. See also C.4 for materiels
notfin Table C.6 to C.9. Anmex F for wood, Annex B for metals. Apply Table 15 to determine kgp.

b |Mechanical prepevties of FRP shall be obtained through Annex C, and of cold moulded wood from Annex F

A.1|0.2 Use of bulking material and of "effective" core in bending

A.1p2.1° General

A bulking material is a core material (thick fabric, resin-rich felt, syntactic foam, etc.) intended to
increase the thickness and therefore the strength and stiffness of a laminate. The bulking material
functions either as an element only carrying shear (like in a sandwich) or as an element of the laminate
working both in shear transmission and bending.

A.10.2.2 Resin-saturated foam/felt and syntactic foam

Resin saturated foam or felt shall be analysed using H.3.2 i.e a sandwich with a core effective in bending.
The mechanical properties of resin saturated foam/felt and syntactic foam shall be the ones given by
the product manufacturer or derived from tests.

NOTE Syntactic foams are generally used for stiffening superstructures and cockpits, but generally not in
hull sides or bottom.
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A.10.2.3 Plywood “cores” and other "effective” cores

Where plywood is used as a “core”, the elastic constants are normally sufficiently large, compared with
that of the FRP skins, for having the plywood contributing significantly to the bending strength and
stiffness. For this reason, plywood “cored” panels shall be treated neither as bulking material nor as a
conventional foam/balsa-cored sandwich. The same applies for any material "effective in bending" i.e.
the ones than bring a significant contribution to the bending strength. Subclause H.3.2 provides details
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ed thickness for metal by the following does not take into account any corrosion margi
f fabrication techniques. Coating is considered to be used where needed.

tail for assessment of wood or plywood plating
wood means cold-moulded wood or “strip planking” (see Annex F for detailed explanatia

ure made of a wood core with FRP skins that are designed to contribute to the pla
not covered in this section. See H.3.2, assuming a structurally effective core, i.e. not
onstruction.

d given in Tables A.4 and A.5 is not applicable to monocoque shell structures, i.e. th
ed by thick skin with few frames. ‘Cold-moulded’ in this‘context means few thin vene
hlly less than 3) laid over closely spaced stringers. The' closeness of the stringers mgd
ure effects are minimal. Plywood panels are assuméd to be flat or nearly so and of sinj
the two directions.

Vhere the curvature is not negligible, and/or the panel has significantly different stiffnes
ections, Annex H or more developed methods may be used.

sandwich plating

neral

luse applies to sandwich. panels according to sandwich theory i.e. the ones where the o
kins are thin in comparisen to the core thickness, the core elastic modulus is small compa

vith significantlyon-isotropic skins, or where the mechanical properties differ significa
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rerted to mm3/mm and mm#4/mm by multiplying the values of{SM*and I given in this subclause
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Table A.6 — Requirements for stress in sandwich skins due to bending

Location Similar skin material Dissimilar skin material
. Mdbcorr _ Mdbcorr XZou ><Eou < b
Outer skin O =———50g,? O = <04
SM, ZEI' X II
. Mdbcorr _ Mdbcorr XZin XEin < b.c
Inner skin O4=——"—5042¢ Oy = <oy >
SMiy, DE I
Mg coreto betakeninthe hdirection and where relevantalsoin Idirection fcpp Tahle A A\ Mg, SM

E and Iare calculated for a strip 1 cm wide. 640 and oq; are defined in Table 17

2 Min (N.mm/mm), SMin (cm3 / cm) and o in (N/mm2) See Annexes E and H.
b
neutral axis (cm) E in (N/mm2), I (cm#4/cm) and o in (N/mm?2) See Annexes E and H.

¢ Forinner skin ogj, defined in Table 17, is a compression stress defined to avoid skin wrinkling

M in (N.mm/mm), zoy and zi, are respectively distances from outer skin and inner,skin from

0 respectively.

Table A.7 — Requirements'on core strength

E1 These formulas derive from the fact that for a fixed-ended panel, the maximum bending
borts governs and the external (outer) skin works in tension.
E2 In order to have an easily manageable number, it is customary to specify the requi

moment at

rements for
ents can be
by 100 and

strengthc

Shdar force capacitya Min design shear stressb Min design core compressive
to> Fq ) Odcco 2 0,008 x Ppask
s2 a T dco >Min| max(0,7-0:42xLyyy, 0,3):0,58| with 0geco (N/mm2) and Pgask

co

(KN/m?2)

out
b

C

con

NO7
skif

ts = tco + 0,5 (ti + to) is the thickness between cgs of skins, where tco, tj and t, are respectively the core, in
br skin thickness.

This requirement is a general requirement to have cores with a minimum shear strength.

Only applies to bottom plating.)For side plating 70 % of this value shall be used. Where oqcco is the
pressive strength, minimal ¢alue from the manufacturer (N/mm?2) from Table 17.

'E The design stress forinner skin of sandwich in Table 17 is a stability criterion against skin wrinkling]
is compressed at maximum bending moment (ends of the panel).

ner skin and

core design

as the inner

NO']
shed
eno

A1

E3  Therequirements of Table A.7 check respectively that the shear stress in the core is beloy

gh to aveid very local impact compressing the core beyond the limit inducing delamination.

1.3<Local reinforcement of the inner skin to improve wrinkling resistance

v the design

r stress, that‘the minimal design shear stress is high enough, and that the compressive strepgth is high

Ad

ttiomat nstde SR piies, apptied Im way of Stffeners, may be used for INCreasing te

nside skin

wrinkling stress. These local pad layers shall be continuous underneath the stiffener (stiffener tabbing
cannot be used for this reason) and shall extend 0,2 b each side of the support, so that the basic laminate
can meet the reduced bending moment (assuming the Bending moment reduces to 0 at 20 % of the span
from the edge) at the edge of the pad layer.

A.12 Requirements for stiffeners

A1l

Plati

2.1 General

ing shall be supported by an arrangement of stiffening members, see 7.1.
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The relative strength/stiffness of primary and secondary stiffening members shall be such that loads
are effectively transferred from secondary to primary, then to shell and bulkheads. See ISO 12215-6 for
definition of primary and secondary stiffeners.

For structural tray mouldings or egg box structures, see also ISO 12215-6.

Figure 4 shows how to determinate the stiffener spacing. Where the stiffener is not perpendicular to
the plating, its characteristics shall be calculated with the value H for the top hat or metal stiffener
which shall then be multiplied by 1/cos «, as shown in Figure A.9.

Figure A.9 — Case where stiffeners are not perpendicular to the plating

A.12.2 Shear force and bending moment due to pressure loads

The shear|forces and bending moments in stiffeners .due to pressure loads are given in Table{A.8
and Figurdgs A.10 and A.11. The stiffeners shall be an@dlysed using the simplified method or a njore
developed jone.

Where trapsverse stiffeners also act as ballast keel floor the total bending moments shall be assegsed
as per ISO [12215-9.

When the height of a stiffener varies tofollow the change of the required bending moment and shear
force, thes¢ changes shall be regular{aind shall avoid steps.

In the caselof end bay, e.g. stopping a stringer at a watertight bulkhead, one shall take care to keep|the
stringer web high enough to {ransmit by shear stress the shear force at end 2 of Table A.8.

Table A.8 — Designshear force and bending moment in a stiffener according to type of endl

connections
Item Unit Formula
Dgsign shear force N Fy =k xkcg ><P><s><lu><10_3
Design bending moment Nm M4 =kgy Xkcs ><P><s><13 x107°

The values of the factors ksr and kgy vary according to the position in the beam and type of end connection. As
the design shear force or bending moment cannot be nil, this document requires to avoid the 0 value "jumping”
from 50 % of the closest max value to 50 % of the closest min value, see Figure A.11.

End 1 Middlea End 2
FULLY FIXED (FF) ksg Theory 0,5 0 -0,5
i.e. intermediate bays of multi-supported stiffener ksr Practical 0,5 +0,25 -0,5
held by stiffer supports kgm Theory -0,083 +0,042 -0,083
See Figure A.10 a) and Figure A.11 a) kM Practical See Figure A.11 a)

a  For end bay the step in shear force is where the (dotted) line crosses F=0 (see Figure A.11).
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Table A.8 (continued)

Item | Unit Formula
END BAY (EB) ksr Theory 0,625 0 -0,375
i.e. end bay of multi-supported stiffener held by ksr Practical 0,625 | 0,312/-0,185 | -0,5
stiffer supports kgm Theory -0,125 0,07 0
See Figure A.10 b) and Figure A.11 b)
Note: End 1 is fully fixed, and end 2 is simply kpm Practical See Figure A.11 b)
supported
SHMPEY-SHPPORTED(SS3 ks Tieory 675 t -0,5
i.p. One bay alone ending at supports with no sig- ksr Practical 0,5 1'0.2\5\\{) -0,5
nifficant clamping moment. Shear force transmitted kgm Theory 0 +0,125 0
by [the connection between plating and support. See ; A2 K
Figure A10 c) and Figure A.11 ) kpm Practical Sq@gre Allp)
a  |For end bay the step in shear force is where the (dotted) line crosses F=0 (see Figure A.11).
1 2 1 2
| Iy \ ol lp Ly dla Ig | lp \,, Ly \
I — B S . v o i .
F3 b3 F, b2 Fl bl | F3 b3 F, b2 F1 kl |
a) Fully fixed ends (FF) b) End bay for Iy1 (EB)
1 2
> fll— —
Iul

c) Simply supported end (SS)

Key]
1 |end1
2 lend?2

Figure A.10 — Examples of stiffeners with FF, EB and SS ends
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c) Simply supported ends (SS)

Figure A.11 — Bending moment and shear force diagram (see Table A.8)
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NOTE The diagram of bending moments is on the left and diagram of shear force on the right. Theoretical
values in semi-dotted lines and minimum practical values in plain line.

A.12.3 Stresses in stiffeners

Table A.9 gives the formulas for stresses within a stiffener.

Table A.9 — Shear and tensile/compressive stresses in a stiffener

Item | Unit | Formula
JIERD AL TORPMIILAC+oaba chaclead for oo ol 0
NERAEEORMU-AS-to-be-cheeckedforeachply—
Fy;xQ
Shear flow N/mm q=
Firlst moment (see Annex H) Nmm Q:ZEXAW X(Z; =Zyi)
Requirement on shear N/mm?2 7, =L with ti = total\thickness of web
stress Vo
1
Requirement on bending 2 ) My <
stress N/mm ZigRiT = SM =%
i CRIT
E. xI.
Section modulus mm3 SM, = M
Zerir XEcrir

SIMPLIFIED FORMULAS For homogeneous materials or materials used in the "simplified" mefhod

R <14 for stiffeners with attached plating
Hg xt
Requirement on shear F
N/mm? _ d . . .
stress 7=1,5 n <14 for floating stiffeners (no attached plating)a
g Xt
with t = total thickness of web and H =height (mm) betyeen CGs of
bottom and top flanges
Requirement on bending 2 My XZcpiT
stress N/mm Ocrr =" S04
. Ina
Section-miodulus mm3 SM=——"—

ZCRIT

Zcr|t isthe "critical” section usually either the top of the top flange or the bottom of bottom flange (outside plgting).

AnrleXH and Annex B of ISO 12215-6:2008 give explanations and examples of all calculations above.

a  For the case of strip planking construction where the planking grain is perpendicular to the stiffener grain. Wood
stiffeners are usually made with "dissimilar" materials as the mechanical properties of a stiffener (stringer, frame) made of
solid or laminated wood (along the grain) are generally much stronger than the plating. See G.4 for detailed explanations.

Dissimilar materials are those in which mechanical properties differ by > +20 % from each other. For such stiffeners, the
allowable bending moment does not necessarily correspond to the stress at the farthest fibre of the neutral axis. Therefore,
the criteria shall be the allowable bending moment, the required Y EI and allowable shear load. The value of Fd (Md) is
that value of shear force (bending moment) which corresponds to the first ply in the laminate stack to reach the allowable
design stress for that ply.

A.12.4 Curvature factor for stiffeners kcs

Stiffeners are normally curved in one direction, their I, direction. Table A.10 gives the values of ks, in
function of its longitudinal camber c}. kcs shall not be taken <0,6.
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Table A.10 — Values of k. curvature factor for stiffeners

CI/lu

0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10 0,11 0,12

kcs

1,00 0,97 0,94 0,90 0,86 0,82 0,77 0,72 0,66 0,6

1

The values are approached by kcs =-17,309 - (cI/1)2- 1,804 2 - (cI/I) + 1,071 7 and are derived from the firstline of Table A.3
for Cp/b = 0,03.

A.12.5 Attached plating effective breadth b,

The lower flange of stiffening members working in bending is a band of the plating called "effective
breadth of

NOTE

The breadth of effective attached plating shall be taken from Table A.11. The attache@plating is
width of the plating considered as the outer flange of a stiffener, see Figure A.13.

Figure A.1% represents the computed values of Table A.11 for GRP with E/G = 3,3,

ithout this band of plating, that makes the stiffener plus attached plating working as an-I-sh4
beam, the sf{rength of the stiffener would be significantly lower.

Thable A.11 — Value of b/b in function of //s for various types of end connection

Dlating’ op “attachad nlating” o chaovarn 1o Digien A 12

[PTOCIITS— UT - ot toCIC O PIotIiTg oo JITO VY IT Iif T Io o oo

ped

the

1- THEORERICAL EQUATIONS /«

Fullly fixed at ends | End bay of multi supported | Simply supported at ends

/i
Calculate 18 then be from formulas and add by, the total not being;taken >s

S

1 b, 1 b, 1

E ’ s E ’ § E ’
h78x| 2 x| = 1+1,467x[ x| = 1+0,825x| — x| =
¢ |1, ¢l ¢ |1,

e

— id the ratio between the breadth of the attached plating and the actual stiffener spacing, not tq

N

taken40,1;

for top hat stiffeners, théfinal attached plating breadth is be + by, + 2 cove radius as the base width may

added

for L, T or | shaped\metal stiffeners the effective breadth is b only, see Figure A.13 b);

sis thd actual,spacing between stiffeners (see Figure A.13);

I, is th

E and G are respectively the inplane elastic and shear modulus of the attached plating, measured in the

see Figure A.13.a), but shall not be taken >s;

be

' be

e unisupported length of the stiffener;

direction of the stiffener:

— for metal and homogeneous materials E/G = 2,6;

— for plywood, E/G shall be taken from Annex F (Table F.3.), it is typically close to 7;

— for FRP, E/G shall be taken from Annex C, it is typically close to 3, 3 for GRP and need not be taken >6.
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The effective breadth may be applied to inner and outer skins and any pad and/or bonding angle which lies

within this width.

For stiffeners along an opening, the effective breadth shall be taken as 50 % of the breadth given above.

In any case the mechanical properties of the attached plating shall be those parallel to the stiffener.

For strip planking, with longitudinal planks and transverse frames od bulkheads, as Et/E] = 0,05 in wood, same

for o./0] the width of attached plating is nil and only the stiffener [ and SM shall be considered.

2- PRE-COMPUTED VALUES FOR FULLY FIXED ENDS AND 3 VALUES OF I/s for GRP, metal & plywood

6RP(E/6=33) METAL(E6=26) PEYWOOD(E/G =7)
Panjel AR| Small Medium | Large Small Medium Large | Small Medium Large
L/ 1 1,5 2 1,5 2 3 1 2 3
be/s 0,11 0,22 0,33 0,26 0,38 0,65 0,05 0,19 0,34
NO[E The formulas of Item 1 are derived from: be/s = 1/(1 + 3,3E/G (2/loo) where lpg'=J{(1 - 0,667 kgr)0.5 is

the|distance between points of zero bending moment, and kgr is the ratio betweenimoment at end/npjoment
fully fixed = 1 for fully fixed ends, 0,667 for end bay and 0,00 for Simply supportedends (see Figure |

.11).

b,/s +—FF
— . —EB
L -~ SS
1 2 3 45 6 8 9 10 11 12 13 14 15 16 17 18 19 20
l,/s
Figure A.12 = Values of attached plating breadth ratio b./s in function of [, /s with F/G = 3,3

For[wood-stiffeners, the amount of effective plating may vary significantly according to the relative
dirgctienof the grain of the plating to the grain of the stiffener. In the case of strip planking frames where
thegtain of the plating is perpendicular to the grain of the frame, the effective plating is negligible, and

the frameshattbecomsideredas“floating“Clause G gives explamations amd requiTemerts

frames and shall be used.
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r ' S
by
be/2 be/?2
by, +2rc
be +by, +2rc

a) FRP top hat stiffener

be/?2

be/2

be

b) Metallic stiffener

Figure A.13 — Sketch showing the attached plating around a stiffener (top hat, L and ‘chine

A.12.6 Oveerall dimensions of stiffeners

A.12.6.1 Geometry

The transposition of a minimum section modulus, second moment of area, and-shear web requiremg
into a stif!lener geometry may be made using the formulas and Tables of*Annexes G and H, and
properties of Table 17.

mechanica

A.12.6.2

The maxi:[um value of stiffener dimensions proportion h/t§and d/ts for I- T- or L-shaped stiffe
and d/t; for top hats as shown in Figure A.14 shall be taken from Table A.12. These r

or h/(tw/?2)

normally preclude the risk of local buckling of the stiffenér.

aximum proportions between dimensions within a stiffener

Table A.12 — Maximuim values of h/t,, and d/ t¢

Irs,
ios

bnts
the

1- Where the actual stresses oct in flaI}gi\s\Gl\‘ Tact in mid web are the design stresses of Table 17
Flat bar web T-or L shaped stiffener Top hat stiffener
Matg¢rial Web Flange Web Flange
h/tw max
h/t,, max d/ty max h/(tw/2) max d/trmax
0,5 0,5 0,5 0,5 0,5
£ E E E E
Métal 0,50{ ] 1,29%| — 0,50x| —— 1,29x| — 1,29%
T yw Tyw Oyw Tyw Oyw
0,5 0,5 0,5 0,5 0,5
FRP E E E E E
3 1,12%| — 2,80x| — 1,12x| — 2,80%| — 2,80x| —
O uf Ty Oyt Ty O uf
Va \0,5 \0,5 \0,5 N\0,5 / 0,5
E E E E E
Plywood 0,90x| —— 1,90x| — 0,90x| —— 1,90x| — 1,90x| —
O uf Ty Oyt Ty Ouf
A T
a3 kpg = AWZ -_d =Cp, =design/actual shear stress required by Table 17 (See H.4.2), where Aws, is the actual web
W Tact
area and Ayyq is the design web area defined in Table A.5
c
b kg = d _ Cgy = design/actual bending stress required by Table 17 (see H.4.2).
Oact
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Table A.12 (continued)

2- Conservative pre-calculated values for some typical materials where actual stress is the design stress

Steel E24 15 50 15 50 38
Aluminium 5083 H111 12 40 12 40 30
Aluminium 6060 T6 14 46 14 46 35
GRP all CSM contact 8 32 8 32 21
GRP M300/R500 8 41 8 41 21
contact
GRP-BB+45—contact 8 23 S 23 21
Plywood 450 kg/m3 10 40 10 40 22
3- Where the actual stresses 0act Or Tace are lower than the design stresses of le 117,
multiply the above values by (Q .
Flat bar web T or L shaped stiffener Lop hat stifferjer
Flange Web
h/ty max Web h/t,, max Flanged/trmax
/tw /tw d/ty max h/(tw/2) max ped/ly
Allmaterial 1 0,5 1 0,5 0,5
materia kAS a kAS kSM b
a |kpg = jwa = 4 =Cp; =design/actual shear stress required by Table*17 (See H.4.2), where Ay, is th¢ actual web
wd
act
aref and Ayq is the design web area defined in Table A.5
b kgy = d - Cgo = design/actual bending stress requiredby Table 17 (see H.4.2).
act
CAUTION — The requirements of Table A.12 apply to webs and flanges of top hat stiffeners that

are|
the
of 1

asspssed by Table C.2 of ISO 12215-7:—1) or another documented method, checki

actnal shear stress in not greater than 50 % of the critical shear stress nor greats
defjned in Table 17.

NOTE The slenderness-ratios in Table A.12 are intended to prevent instability, i.e. shear bucklin
and|inplane buckling of the-flange. The formulae have been derived by relating the buckling stress t

of

by

Cco

the calculated stress under the design load. Similar formulae may be derived for complex lay-ups
sing the flexuralsigidity (EI) in place of the single skin stiffness (Et3/12) in standard buckling f

paring this with-the calculated stress to ensure a margin equivalent to that implied in Table A.12.

not supported by a structurally effective core (for example a polyurethane former). Where
stiffeners web is in sandwich construction, or if the core of a Top hat meets the requirements
[able A.7 the web skins are stabilized by the core, and their critical skin buckling can be

that the
e than tq

b of the web
0 a multiple
br sandwich
rmulas and

1

Under preparation. Stage at the time of publication: ISO/FDIS 12215-7:2019.
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d , d d d =
] I/ SR e !
o°!%n
- & & < Z:‘;.E:Z tw/2
— 5% °!°°% )
tw tw tw by,
T 2 3 %
Key
1 flat bar
2 T
3 L
4  top hat

Figure A.14 — Proportions of stiffeners

A.12.6.3 Connection between the stiffener and the plating

The conne
margin, th

[SO 12215

16:2008 also gives "Established practice" details:

A.13 Stryctural bulkheads

A.13.1 General

Unless sps

ction between the stiffener and the plating shall be able to transmit, with a large safety
e shear forces given in Table A.8. H.4.2 gives an example of such a calculation, Annex B of

cifically engineered, including for local loads, mast compression, keel loads, mast pillar,

rig attachments, etc. using, where relevant, parts of this standard, the following requirementd on

bulkheads

56

apply.
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Table A.13 — Characteristics of bulkheads

Item Unit Formula2
Solid plywood bulkheads mm tb = 7,0 Dp2
2
_ mm? tipXt, 2 -2 strength criterion and
Sandwich bulkhead 6
with identical plywood skins 2,3
mms3 t ., X—>-L stiffness criterion
2 12
2
t 25
mm?2 t,, xt, >-2.| =2 | strength(Cxiterjon and
Sandwich bulkhead 6 (04
with identical FRP skins 2 3
3 t, _tp (4000 . .
mm tigX—2—-" stiffness crjterion
2 6 i
Metal bulkheads shall be calculated as watertight bulkheads.
a | Dy is the depth of the bulkhead from bottom of canoe body to actual side/deck eonnection (m).
tio dnd ts are respectively the inner and outer skins and core thickness (mm)s
Theg minimum design shear stress of the core shall be as required in Tablé\17 and Table A.7.

A.14 Structural support for sailing craft ballast keel

A1

Thd
kee

A1

Anr
thid
long
suc
incl
Tab

4.1 General

requirements on floors, girders, keelsons; etc. supporting loads connected to sailing ¢
(heeling, vertical or longitudinal grounding or docking) are given in ISO 12215-9.

4.2 Reminder of requirements of ISO 12215-9

ex D of ISO 12215-9:2012 ‘requires that, unless specifically engineered and docun
kness and/or structural @rrangement of the bottom shell or keel skeg plating in an a

Faft ballast

ented, the
rea located

h that the design pressure of the plating is 1,8 times the bottom pressure defined in this
deing the factor ksis. This may be obtained by extra thickness or closer spacing of sti
eA.14.

Table A.14 — Excerpt of Table D.2 of ISO 12215-9:2012

document,
eners. See

ritudinally and transversally within 0,2 Tyax from the ballast keel junction with the hlll, shall be

An

U frrirr

'established practice" equivalent to 1,8 times the pressure, is to have a hull thickness of
0,175
m
20060974, (1-0254,)-"LPC  with
S ZASIAN n7 0 5
GD ”

AR = panel aspect ratio (not less than 1,0 nor greater than 2,0).

Design stress oq = 0,5 oyt (FRP and wood), o4 = 0,9 oyjelq (metals).

bs = in mm, is the distance between adjacent stiffeners, floor or girder webs, whichever is the shorter

distance (mm) not to be taken less than 350 + 5 Ly, (FRP) or 250 + 5 Ly, (other materials).

NOTE The hull thickness tymin correspond to the requirements of ISO 12215-5 around the keel area idem for the values of
o4 above which differ from the design stress oq in this part of ISO 12215.

© IS0 2019 - All rights reserved
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Annex B
(normative)

Mechanical properties and design stress of metals

Unless otherwise specifically documented, the mechanical properties and design stress of metal plating

Sl e reb—Eor-aluminium-alpys,
data are ddrived from EN 14195-1.
Table B.1 — Mechanical properties and design stress of metal plating
Design stress for plating
Mild|steel o4=min(0,6 oy; 0,9 oy) and Temper | oy | ouw | Oy | Oyw |0d/0u’| 0d/0y| 04 | [d?
74 =0,58 0q
E24 /A 400 | 400 | 235 | 235| 0,6 09 (212|123
E32 - AH 37 470 | 470 | 315¢y315 | 0,6 09 |282|164
E36 - AH 3¢ 490 | 490 |-355 | 355 | 0,6 09 [294|171
Aluminium|alloys (non-heat treatable) o4=min(0,6 ouw; 0,9 oyw) and 740,58 oq
EN referenke Product and Composi- | Temper | oy {Oww | Oy | Oyw |0d/0u|0d/0y | 0d b|tya
thickness tion
EN AW-5052 |Sheet, strip, plate AlLMg2,5 |H32 210 | 170 | 160 | 65 | 0,6 09 | 59 | B4
3<t<50
EN AW-5052 |Sheet, strip, plate AlLMg2,5 |H34 2351170 | 180 | 65 | 0,6 09 | 59 | B4
3<t<50
EN AW-5754 |Sheet, strip, plate Al,Mg 3 0/H111 | 225 | 190 80 | 0,6 09 | 72 | |42
3<t<50
EN AW-5754 |Sheet, strip, plate Al,Mg.3 H24 2401190 | 190 | 80 | 0,6 09 | 72 | |42
3<t<50
EN AW- Sheet, strip, plate AlMg3,5 |0/H111 |215|215| 85 | 85 | 0,6 09 | 77 | p4
5154A 3<t<50
EN AW- Sheet, strip, plate AlLMg3,5 |H24 240 | 215200 | 85 | 0,6 09 | 77 | p4
5154A 3<t<50
EN AW-5086 |Sheet, strip,‘plate Al Mg 4 0/H111 | 240 | 240 | 100 | 100 | 0,6 09 | 90 | |52
3<t<50
EN AW-5046 |Sheetistrip, plate AlLMg 4 H34 275|240 | 185 | 100 | 0,6 09 | 90 | |52
3 <50
EN AW-5043 {Sheet, strip, plate t <6 |Al,Mg4,5 |0/H111 | 275|270 | 125 | 125 | 0,6 09 |113| 65
Mn 0,7
EN AW-5083 |Sheet, strip, plate AlLMg4,5 |H32 305|270 |215|125| 0,6 | 09 |113]| 65
3<t<50 Mn 0,7
AA 5059 Sheet, strip, plate ALMg5-6 |0/H111 | 330 | 300 | 160 | 160 | 0,6 09 |144| 84
Alustar 3<t<50

a  This value is not explicitly required in this part of ISO 12215; it is taken as 0,58 o4 for ductile materials.

b The value of design stress is for welded aluminium. For unwelded aluminium (riveted or glued), o4 = min (0,604w or
0,90yw) unwelded.

NOTE oy and oy are tensile stresses.

The value of E modulus of metal is required in some formulas (e.g. Tables A9, A.11 & A.12, etc.) and, unless specifically
documented, the default following values may be used:

Mild steel: E=210 000 N/mm2 Aluminium alloys E: = 70 000 N/mm?2.
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Table B.1 (continued)

AA 5059 Sheet, strip, plate AlLMg5-6 |H34 370 | 300 | 270 | 160 | 0,6 09 |144| 84

Alustar 3<t<50

EN AW-5383 |Sheet, strip, plate Al Mg 4,5 0/H111 | 290 | 290 | 145 | 145 | 0,6 09 [131| 76
3<t<50 Mn 0,9

EN AW-5383 |Sheet, strip, plate Al Mg 4,5 H34 305|290 | 220|145 | 0,6 09 [131| 76
3<t<50 Mn 0,9

a  This value is not explicitly required in this part of ISO 12215; it is taken as 0,58 o4 for ductile materials.

b The value of design stress is for welded aluminium. For unwelded aluminium (riveted or glued), o4 = min (0,60 or
0,9¢yw)unwelded.

NOTE oy and oy are tensile stresses.

The value of E modulus of metal is required in some formulas (e.g. Tables A9, A.11 & A.12, etc.) and, unlesq specifically
docpimented, the default following values may be used:

Mildl steel: E=210 000 N/mm2 Aluminium alloys E: = 70 000 N/mm?2.
Table B.2 — Mechanical properties and design stress of metal stiffeners
Design stress for stiffeners
Mild steel 04 =0,8 oy and 74 =0,58 oq ou (Douw | oy | Oyw | 0d/oy|| od | Td
E24 /A 400 | 400 | 235 | 235 0,8 || 188|109
E3% - AH 32 470 | 470 | 315 | 315 0,8 || 252 | 146
E34 - AH 36 490 | 490 | 355 | 355 0,8 || 284|165
Aluminium alloys (non-heatitreatable) o4 =0,7 oyw
ENrefer- | Productand thickness | Composition™| Tem- | oy2 |ouw?2| 0y | Oyw |0d/0yw|0d P| Td
ence per
EN|AW-5052 | Sheet, strip, plate Al Mg 275 H32 210 | 170 | 160 | 65 0,7 46 | 26
3<t<50
EN|AW-5052 | Sheet, strip, plate AlMg 2,5 H34 235 | 170 | 180 | 65 0,7 46 | 26
3<t<50
EN|AW-5754 |Sheet, strip, plate AlLMg 3 0/H111 | 225 | 190 | 80 80 0,7 56 | 32
3<t<50
EN|AW-5754 |Sheet, strip, plate AlLMg 3 H24 240 | 190 | 190 | 80 0,7 56 | 32
3<t<50
ENJAW- Sheet, strip,plate Al Mg 3,5 0/H111 | 215 | 215 | 85 85 0,7 60 | 35
5144A 3<t<50
ENJAW- Sheet,strip, plate Al Mg 3,5 H24 240 | 215 | 200 | 85 0,7 60 | 35
5134A 3%t<50
EN|AW-5086Sheet, strip, plate Al Mg 4 0/H111 | 240 | 240 | 100 | 100 0,7 70 | 41
3<t<50
EN|AW-5086 | Sheet, strip, plate Al Mg 4 H34 275 | 240 | 185 | 100 0,7 70 | 41
EN AW-5083|Sheet, strip, plate t < 6 Al Mg 4,5 0/H111 | 275 | 275 | 125 | 125 0,7 88 | 51
Mn 0,7
EN AW-5083|Sheet, strip, plate Al Mg 4,5 H32 305 | 275 | 215 | 125 0,7 88 | 51
3<t<50 Mn 0,7

a  The ultimate values are given for information only as the design stress is based on yield strength in welded conditions.

b The value of design stress is for welded aluminium. For unwelded aluminium (riveted or glued), o4 = min (0,60 or
0,90yw) unwelded a.

NOTE oy and oy are tensile stresses.

The value of E modulus of metal is required in some formulas (e.g. Table A9, A.11 & A.12, etc.) and, unless specifically
documented, the default following values may be used:

Mild steel E =210 000 N/mm?2 Aluminium alloys E =70 000 N/mm?2.
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Table B.2 (continued)

AA 5059 Sheet, strip, plate AlLMg 5-6 0/H111 | 330 | 300 | 160 | 160 0,7 112 | 65

Alustar 3<t<50

AA 5059 Sheet, strip, plate AL Mg 5-6 H32 370 | 300 | 270 | 160 0,7 112 ]| 65

Alustar 3<t<50

EN AW-5383 | Sheet, strip, plate AlLMg 4,5 0/H111 | 290 | 290 | 145 | 145 0,7 |102| 59
3<t<50 Mn 0,9

EN AW-5383|Sheet, strip, plate AlLMg 4,5 H32 305 | 290 | 220 | 145 0,7 |102| 59
3<t<50 Mn 0,9

ATuminium alloys (heat treatable) oq =U,7 0yw and 174 =U,58 04

EN AW-6040 | Profiles, bars, Tubes Al Mg Si T5,T6 190 | 95 | 150 | 65 0,7 46. 126
3<t<25

EN AW-6041 | Profiles, bars, Tubes Al Mg1, Si Cu T5,T6 260 | 165 | 240 | 115 0,7 81 | BU7
3<t<25

EN AW-6041 |Closed profiles Al,Mg1, Si Cu T5,T6 245 | 165 | 205 | 115 0,7 81 | U7

EN AW-6043 | Profiles, bars, Tubes Al,Mg 0,7 Si T5 150 | 100 | 110 | 65 0,7 46 | [26
3<t<25

EN AW-6043 | Profiles, bars, Tubes AlLLMg 0,7 Si T6 205 | 100 | 4707 65 0,7 46 | |26
3<t<b52

EN AW- Profiles, bars, Tubes AlSi,Mg (A) T5,T6 260 | #65 | 215 | 115 0,7 81 | U7

6005A 3<t<51

EN AW- Closed profiles 3 <t <50 |[AlSi,Mg (A) T5,T6 250~ 165 | 215 | 115 0,7 81 | U7

6005A

EN AW-6082 | Profiles, bars, Tubes ALSi 1,Mg,Mn |T5,T6 310 | 170 | 260 | 115 0,7 81 | U7
3<t<25

EN AW-6092 | Closed profiles ALSi 1,Mg,Mn [T5)T6 290 | 170 | 240 | 115 0,7 81 | U7

EN AW-6106 | Profiles, bars, Tubes Al,Mg,Si,Mn T6 240 | 240 | 195 | 195 0,7 81 | U7
3<t<25

b The val

The value o

NOTE oy ard oy are tensile stresses.

Aluminium alloys E = 70 000 N/mm?2.

a2 The ultijnate values are given for information onlyas the design stress is based on yield strength in welded conditi

e of design stress is for welded aluminium. For unwelded aluminium (riveted or glued), o4 = min (0,60
0,90yw) unwielded a.

E modulus of metal is pequired in some formulas (e.g. Table A9, A.11 & A.12, etc.) and, unless specifig
documented, the default following yalu€s may be used:

Mild steel E £ 210 000 N/mm?

bns.

or

ally

60
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Annex C
(normative)

FRP laminates properties and calculations

Thip Annex shall be used for the analysis methods 1 to 3 of Table 2. For the analysis methdd 5 (FEM),
other documented values may be used but it should be checked that their values do notdiffer from the
onep in this Annex by a large margin.

C.2 Determination of the mechanical properties

C.2|1 Tests and test standards

Meg¢hanical properties to be used as input in determining the-bending moment, stiffness| and shear
cappbilities of FRP laminates and stiffeners may be derived either by testing of representative samples
usimg the appropriate ISO or ASTM test standards or by calculation or by a combination of the two.

Table C.1 — Examples of test standakd references and specific tests
1-Examples of test standards

Tensile properties: ISO 527-4, ISO 527-5

Flekural properties: ISO 178

Corppressive properties: SO 14126

Inplane shear properties: ISO 14129

Int¢rlaminar shear stress: ISO 14130

Thiough-thickness « flatwise»\tensile properties: ASTM D7291

2-General application of the above standards

Where an International Standard does not exist, a national standard may be used instead. The numbey of samples
to Be tested shall be @sylaid down in international or national standards but shall not be less than five samples
for any given propérty.

When determining the flexural strength, the gel coat side of the specimen shall be stressed in tension.

Unless spegifically stated in the test standard, the mechanical properties used in the calculations shall be cor-
rected from test values as follows:

— | fop strength 90 % of the mean ultimate strength or the mean value minus two standard| deviations

WHIChEVer 15 The 1€33eT;
— for elastic modulus, the mean value.
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Table C.1 (continued)

3-Alternative method for testing compression strength of UDs

Itis often d

ifficult to apply ISO 14126, particularly for carbon-based UD

An alternative method based on four-point bending tests can be used to measure compressive stress of unidirec-
tional composites (glass, carbon fibres).

Comparing to « pure » compressive tests (ISO 14126), the advantages of four-point bending tests are the followings:

sample geometry (no end tabs, tolerances);

common tooling's;

adaptd

possib

In order to
tabs can be

Sample fail

From ply t}
corded ford

These tests

d for thick laminates;

lity to measure ultimate compressive stress of unidirectional layers inside real scantlings,

prevent early damages under load points, bi-axial layers (0/90 or +-45) on sample facings and |
used.

ires are validated when the failure occur at the upper face between the 2 load points.

ickness measurements, an ultimate compressive strength in the UD is theh talculated using the
e at failure.

may be conducted using the specifications of ASTM D6272 standardc

bad

As a mininhum, the fibre mass fraction (1) shall be measured by wéighing a resin-consolidated p

of known
purpose sh

panels from the actual or previous craft, special care must be ‘taken to ensure that laboratory m

samples ar

Table C.2 ¢
laminate d

NOTE1 1

(not simply
are equal o]

C2.2 To

Many CLT
laminate, d
due to mic

[t is practid

measured,

ibre mass, see Example 1. Resin ignition tests may also\be used. The panels used for
all be representative of the as built quality. Where¢it\is not practical to take suitably s

e representative.

fives the relations between the mass fraction i, the volume fraction ¢, the ratio t/w
Pnsity p.

'he above requirements aim at taking thé-appropriate steps to ensure that the mechanical capab
mechanical properties, but also taking\geometry into account) and properties of the as-built lami
superior to those at the design stage!

pics on tests and calculation

ne can see that, after-an initial linear behaviour, the stress/strain plot gets curved. Th
"o cracks or damages occurring after the failure of some, non-critical, plies.

ally difficultto measure g, real, and when the initial elastic modulus, E initial, and oy, tes{
_ Otest

one shallvake E calculation = E initial and € = , see Figure C.1.

calc
initial

hnel
this
zed
ade

and

ility
hate

software consider a linear behaviour o = E x g, which is not true in reality: when testipg a

s is

are
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Ou test

Eu calc = O test/E initial

Eu real

Figure C.1 — Determination of ¢,

Table C.2 — Values of t/w, composite density p. according to fibre content by volume ¢|or mass

v
w= X pg o= 5 t 1
= § =
oxps+(1-9)xp, y (1= )= woxp
Pm
P xR w p
Pe=ppxd+pyx(1-9) or p, = 3 t=——| Tt pf-p
Pe +¥ (P —Pr) PexPm W
t Thickness of the laminate mm
w Dry mass of fibre kg/m?2
0] Fibre content by volghie'in the laminate (dry fibre volume/laminate volume)a 1
Y Fibre content byymass in the laminate (dry fibre mass/laminate mass). 1
Density, respectively of fibre and matrix, may be taken from Table C.2 or from kg /m?3
Pt Pm manufactufer’s information J
a  |For guidance purposes see)also Table C.7.

C.2|3 Use of flexuiral strain and strength

Theg values of flexural stresses as tested with ISO 178 or equivalent give significantly high stresses
conjpared with tensile/compression. Reference [25] quotes oyt = kg % out /(1 + out/ouc) for GRP with kg
bing from 2,5 to 3 according to the type of laminates, similar values for Carbon and Aramigl. This high
es’of 'oyr induced that ISO 12215-5:2008 required single skin laminates using of that
thinner than the ones requir he pl ly analysis of Annex H, using o:.or g.. H ver as the
-thinner- laminates designed with of did not prove to be underbuilt in practice, this revision document
allows the use of +orinstead of ot/ o for the ply by ply analysis of single skin laminates in Annex H. The
reason is that these laminates are likely to operate in the large deflection regime, particularly under
high slam pressures. As the scantling formulas are based on the more conservative small deflection
theory, the use of in plane ultimate strains may be a case of "double penalty". Sandwich panels, being
stiffer are more likely to be operating within the small deflection regime and hence the use of inplane
strains is appropriate. CLT theory method usually only apply o¢/o.. Tables C.6 and C.9/C.10 detail the
values of gyf.

C.2.4 Mechanical properties for the simplified method

The "simplified" method described in 11.2 and Table A.5 only considers Glass Reinforced Plastics (not
Carbon composites). Unless derived from tests, according to C.2, the mechanical properties shall be

© IS0 2019 - All rights reserved 63


https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

derived from Tables C.6 to C.10. These tables do not give the values for one "thick" layer of a mixing of
the plies given in Table C.6, like, for example, Mat/Roving. Clause C.4 and Table C.11 give some examples
on such calculations.

C.2.5 Elastic constants using 'CLT' method (classical laminate theory)

In the 'CLT' method, the elastic constants are derived from manufacturers’ fibre and resin properties
for a known fibre volume content using well-established and empirically modified rule of mixtures
formulas. It is not necessary to provide these formulas within the document since they are documented
in the "Law of mixtures" and Classical Lamination theory (CLT). As for single skin, the flexural stress is
uld

used lt IS recommended-tao rnr\]:\r‘n the r‘ncurn strains ¢

be conservjtive compared to the simplified or enhanced method

]'“7 +c £ otherwise the scantlinags ¢
o

nr;‘
ut

NOTE For guidance, the Bureau Veritas or DNV-GL publications listed in the bibliography were among

the source
(+45/-45),
appropriate

C.2.6 Ela

For the bu

Feferences used in developing Tables C.5 and C.6. Elastic constants of woven roving;)double-
btc. may be obtained separately from the [A] submatrix by combining unidirectional plies af

stic constants using 'SRM' method (simplified regression method)

ilders or designers not wishing to use the CLT method, the simpler Simplified Regres

bias
the

orientation (a symmetrical layup being recommended to eliminate in-plane/outof plane couplinjg).

bion

Method (SRM) is proposed, both methods work similarly for cross plies, bubtreat angle plies differently,

see details
Table C.5 g

Table C.3 s

Table C.

in C.2.5. Table C.4 shows physical and mechanical propertiés used in the CLT method,
ives the main mechanical properties of UD and of several 'typical” plies/multiplies.

ims up the "flow chart" of the procedure to follow inceither SRM/Ply stack analysis or Clj

and

T.

3 — Procedure to obtain mechanical properties and allowable bending moment and

shear forces for single skin-or sandwich plating

STAGE 1-PLY ELASTIC CONSTANTS AND BREAKING STRAINS

Obtained f7

Test data of Simplified regression formulas (Tables C.4 to C.8 tabulated in Tables C.9 & C.10) or Other veri
formulae (Tables C.2 & C.5)

STAGE 2-MODIFY PROPERTIES TO'REFLECT BOAT BUILDING CHARACTERISTICS kgg (Table 16)
Obtained fijom;

om;
ied

Same formyilas as above but modified following tests and details and by kgp in Table 16
STAGE 3-OBTAINLAST PLY FAILURE BENDING MOMENT AND SHEAR FORCES

kin laminatesse)og = 0,5 + our x kg

For single s
For sandwifch laminateSydepending on stress sense use o4 = gyt or oyc or wrinkling x kg

ural stiffness for deflection checks
OPTION 1

He=Simplified laminate stack method

Obtain flex

OPTION 2

CLT (Classical Lamination Theory)a

Anney

Multiply the previous design stress by kam = 0,95 for
FRP according to Table 16 (Enhanced method)

Caution: the strains and stresses are along fibre

Multiply the previous design stress by kam = 1 for FRP
according to Table 16 (developed method)

Caution; CLT software may not always check wrinkling,
then a manual check is needed

For DBx and Qx input as angled WR combination and
transformed into 1-2 system for assessment

Failures are based on any of the generally recognized
failure envelope formulas.
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Table C.3 (continued)

STAGE 4-OBTAIN ACTUAL vs REQUIRED LAST PLY FAILURE BENDING MOMENT AND SHEAR FORCES

Use Annex H or CLT software to find last ply failure stress (see NOTE), calculate design stress per Table 17 and
find the compliance factor CF=c0 design/ o actual that shall be 21

a For sandwich check whether CLT software can obtain shear force internally (need to have transverse shear
stiffness with 4 x 4 matrix) otherwise use method in Annex H for sandwich.

fail

NOTE The last ply failure is usually the first ply failure, but this is not always the case, particularly when one
mix stiff (carbon) and non stiff plies (GRP), or when using UD plies at 90° from mains stress direction. For ex-
ample in a ply with 90 % UD in the sense of maximal stress and 10 % UD perpendicular to it, the transverse ply

firct buf a0 O/V oftha cfrangfl« remains

C.2

Thi
fing
The
tob

7 Final mechanical properties

5 Annex proposes several methods to define the mechanical properties of the'laminat
1 values depend significantly on the “as built” quality of the material achieved by the b

e adjusted by the factors kgp and kam defined in Table 16.

Tables C.4 to C.10 may be implemented for other fibres or matrices.

Table C.4 — Physical and mechanical propertie€s of fibres and matrices

b, but their
oatbuilder.

refore, the final "design" mechanical properties used for calculation of composites in Table 17 needs

Reinforeement fibres

Majtrices

E Glass Aramid Carbon HS | Polyes

fer/epoxy

Spd

cific gravity p (pfor pm) t/m3 2,56 1,44 1,78

1,2

El4
(4

Ef1// Fibres N/mm?2 73000 124 000 235000

w

stic modulus E

300

1, Er20r Em)  |Ep, | Fibres | N/mm?2 73000 6900 20000

w

300

Shd

30000 2800 50000

=

ar modulus G (Gt or Gpy,) N/mm?2

222

Poi

sson's ratio v (veor viy) 1 0,22 0,36 0,27

,32

NO']
or vi
not
Fur
hold
fron
em

E The standard formulas in the CLT method are either exact linear (major modulus and Poi
ery nearly quadratic (minor modulus and shear modulus). The CLT method requires input dat3
be readily available from manufacturers, such as transverse modulus of fibre and resin Poi
hermore, there is no fixed.relationship between for example modulus of polyester versus that of ¢
s for all commercially available resin. Consequently, the source references above together with

irical correction factors) have been used for generic fibres and resin as defined in Table C.4.

5son'’s ratio)
which may
sson’s ratio.
poxy which
predictions

h formulas used eithek_using Reference [24] or by the National Physical Laboratory (UK) (which include
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Table C.5 — Formulas for UD and laminates of Tables C.6 and C.7

1-Theoretical formulas for UD

1+{xngx¢ Eq JE, —1
E =0,975%| E¢y X0 +E . x(1— E =F ————with{=1and =~ m
UD1 [ X0 +E x( ¢)] up2 =Em g x0 ¢ Mg By, /B, +C
1+{xngx¢ Ge /G, -1
Gypiz =G with{=1and n; = Vin =V X0+Vv_ x(1—¢) Poisson’s ratio
" 1-ng %o Ge /G, +¢ up =V X9V x(1-9)

33¢ FUUL

T =22,5—- interlaminar shear stress % =v —

UIL 6+0,89 up 21 =VuD 12 Eyp,

The above formulas are derived from Halpin-Tsai formulas, where ¢ is the fibre content in volume, and other
variables dpfined in Table C.4

2-Formulgas for other laminates: CSM; biaxial 0/90 (BD+); double bias +45 (DBx), and quadriaxial (Qx)
Except for f glass chopped strand mat, the formulas apply to any "building” FRP fibre (Glass{darbon, Aramid, gtc.)

Material Young's modulus Shear modulus Major Poisson's ratio
i;}iass Chdpped strand Ecsm =3/8 Eup1 + 5/8 Eup2 Gosu = 1{;8 Fup +1/% vesm = Ecsm/2 Gesm-]
UD2
BD+ E
0/90 Biaxigl or woven Egp+=0,5 (Eup1 + Eup2) GBD+ = GuP12 VEDe =Vip1z =
roving Egp.
AE v _ EDBX
DBx —
BD
DBx Eppy = E . ¢ . Egp, 4Egp,
° - bi BD DBx = ..\ .
+45° Doublp bias G—++2(1_VBD+) X 2(1+VBD+) Egp.
BD+ —=-2(1-vgp,)
GBD+ i
drigxial
8;4(52730;5?3 Eqx = 0,5[A11 - A122/A11] Gox = 0,5 (Gep+ + GpBx) vox = A12/A11
E E v xXE Vippy XE
with Ay; = BDZ+ 4_DBx 4 Apy~ ED+ - BD+ , VDBx - DBx
1-Vgps 1-Vppy 1-vgp, 1-vpex

C.2.8 Breaking strains —Both methods CLT or SRM

The breaking strains, to-be/used in Table C.8 are given in Table C.6.

66 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

Table C.6 — Breaking strains in %

Breaking strains2 (ultimate strength/initial E modulus) in %
Type of fibre & resin E Glass & polyester HS Carbon & epoxy
eufi = kG €uti/ (1 + €uti/€uci) withi=1or 2 — -
and kgb= 2,50 or 2,94, see columns 3 and 4. ke =2,50 ke =294
Eutl 1,90 1,00
Eut2 0,50 0,50
£ 1,40 0,70
Unidirectional ucl
10D Tuc2 140 1790
uote n n
a Euf1P 2,02 1,21
Euf2€ 0,92 1,16
Yul2 1,70 1,50
Eut 1,35
CSM Euc 1,70 _
Not applicabl¢
Chopped strand mat eufd 1,88
Yu1z 2,00
Eut 1,55 1,00
WR/bidirectional 0/90° Euc 1,40 0,70
quoted" BD+" eufbd 1,84 1,21
Yu 1,70 1,40
Eut 1,06 0,77
Double bias +45 Euc 1,02 0,75
quoted "DBx"° EufP 1,30 1,12
Yu 1,80 1,02
- 1, ,92
Quadriaxial Eut 30 0
Eut 1,20 0,74
0/45/90/_45
EufP 1,56 1,21
" no
quoted "Qx Ya 1,70 1,02
a  Design strain (%) £ 0,5 x breaking strain. Design stress= 0,5 x Associated modulus x bregking
strain/100 Associated medulus means use Eypz with gycz to obtain compressive strength perpendicular to
fibres for a unidirectional, Ggx with yy to obtain the shear strength for a biaxial, etc.
b The experimental factor kg is proposed by Green in Reference [25] to correlate flexural strain|with
tensile and compressive strains in the fibre direction for UD and generally in composites.
¢ The Value in b above has been applied to transverse strains on UD, but this is pending validation| oy
being anyway << oyfi.
NQTE- Table C.6 is based on published values in two classification rules, ISO 12215-5:2008 and data supjplied
by industry.

NOTE Tables C.6, C,7, C.9 and C.10 are only computed for E glass/polyester and HS Carbon/epoxy. Other
building fibres (Other type of glass or carbon, Aramid, etc) or resins may be used provided documented values
are used.

C.2.9 Practical use of CLT & SRM methods

C.2.9.1 Preliminary

When using the CLT method, panel coordinate system strains (ex, &y and yxy) are transformed into
individual ply coordinate system strains (€1, €2 and y12) and hence a double-bias cloth is transformed
into a WR/BD+ and the above strains may be used.
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In SRM method, there is no transformation and it is necessary to determine Epgy etc. for use in the laminate
stack (see Annex H), itis also necessary to determine the breaking strain at 45 degrees to the fibres.

For built-in panels, the traditional approach is to use a single uniaxial stress or strain load case. Using
the maximum stress or strain criterion, a double bias subjected to such a strain fails when; epg = 2 yy12
[GBx/EDB] (With yy12 taken from Table C.7 for WR/BD+).

C.2.9.2 Use of CLT and SRM methods

The Cla551cal Lamlnatlon Theory (CLT) method 15 intended for the ones using complex layups often

in warp ang weft) as well as asymmetrlcal layups up wh1ch generate D16, D26 and Bjj # 0 in the stiffpess
matrix, thdrefore introducing complex coupling effects.

Users may ppply SRM method properties as input into validated CLT software (commercialor in-hofise)
with the lopd vector determined using the simple methods of the document.

However, when using UD-90 plies which generally have low tensile strain (eyt2) as itddicated in Table]|C.6,
CLT or Annex H are liable to give alow bending capability value as the method undexpinning this docunpent
is first ply fo fail. Analysing the stack as last ply to fail is normally outside the scope of this Annex.

The SRM method is intended for users who generally use combinationsyof biaxial, double bias and
quadriaxiall with or without mat, to achieve a reasonably balanced lamidate.

The simplelformulae for bending moments and shear forces using this.standard generally do not consjder
more than|one significant stress acting at any given point, i.e. thesload vector generally consists of just
Mx or My ar Nxy). This permits a laminate to be analysed using the laminate stack method outlined in
Annex H.

C.2.10 Ply thickness

Ply theoretlical thickness shall be calculated using'thre formulas of Table C.2 (top right cells), or according
either to vglume fraction ¢, or mass fraction y©r using the pre-computed values of Table C.7, C9 or £.10

Table C.7 cpnsiders that fibre content in voldme ¢ is mainly connected to the lamination process, pnd
the fibre cqntent in mass i is then caleulated from the density of fibre and matrix (resin).

Table-C.7— "Guidance values" for fibre content

Fibre Fibre content in mass ¢, t/w and composite density p
content
Laminatign Matérial in Glass pr= 2,56 Carbon HR ps= 1,78
process volume
¢ Y t/w Pc Y t/w Pq
CSM 0,167 0,300 2,34 1,43 — — —
Hand layup Woven Roving 0,300 0,478 1,302 1,61 0,389 1,87 1,37
simple sur- Rovimat 0,246 0,410 1,588 1,53 — —
face Multidirectional 0,319 0,500 1,225 1,63 0,410 1,76 1,39
Unidirectional 0,364 0,550 1,073 1,70 0,459 1,54 1,41
CSM 0,134 0,248 2,924 1,38 — — —
Hand layup Woven Roving 0,240 0,403 1,628 1,53 0,319 2,34 1,34
Complex Rovimat 0,197 0,343 1,985 1,47 0,267 2,85 1,31
surface Multidirectional 0,255 0,422 1,531 1,55 0,337 2,20 1,35
Unidirectional 0,291 0,467 1,341 1,60 0,378 1,93 1,37
These values are given as a guide only and are considered achievable by the industry, but it is the responsibility of the
builder to check the values that his building methods are currently achieving. For complex surfaces, the fibre content in
volume is 80 % of the ones for simple surfaces.
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Table C.7 (continued)
Fibre Fibre content in mass ¢, t/w and composite density p
Lami . content
amination Material in Glass pr= 2,56 Carbon HR p¢= 1,78
process volume
¢ Y t/w Pc 14 t/w Pc
RTM ECO Any material 0,135 0,250 2,894 1,38 0,188 4,16 1,28
0,28 - 2,68 - 1,32 -
CSM 0,21-0,30|0,36-0,48(1,86-1,30|1,49-1,61 0,39 1,87 137
. . 0,52 - 1,34 - 1,44 -
Ilnfu51on Woven Roving 0,42-0,50/0,61-0,68|093-0,78|1,77-1,88 0,60 112 1,49
L . 0,54 - 1,25 - 1,46 -
UD/Multidirectional | 0,45 - 0,53 (0,64 -0,71|0,64-0,71|1,81-1,92 0,63 1,06 161
Pr¢preg void | UD/Multidirectional | 0,530 0,706 0,737 1,92 0,626 1,06 1,51
Prepreg . .
UD/Multidirectional | 0,530 0,706 0,737 1,92 0,626 1,06 1,51
ajitoclave
These values are given as a guide only and are considered achievable by the industry) but it is the responsjbility of the
builder to check the values that his building methods are currently achieving. For'complex surfaces, the fibfe content in
volyme is 80 % of the ones for simple surfaces.

C3

C.3

The
Hig

h strength carbon composites.

Final calculation of E, G and ultimate stress
1 General calculation

Table C.8 — Final calculation of E, G, o or Ty*

E=ETABLECS oU = ETABLECS X ETABLEC6

G = GTABLEC6 Ty = GTABLE C 5 X YTABLE C 6

calculations of Table C.8 are pnée-computed in Table C.9 for Glass composites and in Tal

ble C.10 for

CAUTION — The design striess defined in Table 17 shall then be determined using, thie relevant

val

C.3

Thd
anyj
thid

guarantee that mechanical properties taken from this Annex are achieved for any particu
an pnrtiru]nr]nrnfinn

Tabre 16and used with care. It is subjective in nature and compliance with the table does no

e of kapm and kgg from. Tables 15 & 16.

2 Builder's responsibility

use of any property data given in this Annex does not imply that these are achievable in j
particular'eraft. It is entirely the responsibility of the builder or his representative to d¢
. The tables giving mechanical properties in this Annex shall be adjusted by the fa

bractice for
monstrate
rtor kg of
f imply any
lar craft in

©IS
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Table C.9 — Computed values of Table C.5 to C.8 for glass laminates (with kgg = 1)

E GLASS

pe 2,56 uD CSM (Mat) BD+ 0/90° + 45° DBx Double bias |Quadraxial 0/45/90/-45
pm= 12 Vi= 0,22 Gesu=1/8 Eyp1+1/4 Eyp

Efl= 73000 Vi = 0,32 Vesm=Ecsm/Gesu-1

Ef2= 73000 = 1

Em= 3300 nE= 0913

Gf= 30000 nG= 0922

Gm= 1222

o v t/w

Vol Mass 1/(¢*pg| Eups Eup2 Gubi2 Vupiz| Ecsm  Gesm vesw| Esp+  Gep+ Vep+ | Ebex Gpex VDBx Equad Gouad VQuad
0,14_0 0,258 ')"70 12 727 4268 1594 n,'21 1442 2658 f\,An 2.500 1584 n,1|: 4.917 2.684 n'r:') 6911 2 634 Al 1

0,160 0,289 | 2,44 (14091 4430 1645 030 8053 2869 040| 9260 1645 0,15 5047 4042 053 7459 2844 (03

1
0,167 0,300 | 2,34 [14566 4488 1667 030 8267 2943 040 9527 1667 0,14 5129 4168 0,54 7653 2917 0,31
0,180 0,319 | 2,17 (15450 4599 1708 030]| 8668 3081 04110024 1708 0,14 | 5282 4402 0,55 8013 3055 0,31
0,200 0,348 | 1,95 (16809 4775 1774 030 9288 3295 041110792 1774 0,13 | 5523 4764 0,56 8572 23269 0,31
0,220 0,376 | 1,78 (18168 4960 1844 030 9913 3511 04111564 1844 0,13 | 5770 5127 0,56 9137 ,3485 0,31
0,240 0,403 | 1,63 [19527 5153 1916 03010544 3729 04112340 1916 0,12 | 6 025 5491 0,57 9@08) 3704 0,31
0,260 0,428 | 1,50 (20886 5356 1992 0,29(11180 3950 04213121 1992 0,12 | 6289 5858 0,58 10 285 3925 0,31
0,280 0,453 | 1,40 22246 5568 2072 02911822 4173 04213907 2072 0,12 | 6 562 6226 0,58 10869 4149 0,31
0,300 0,478 | 1,30 [23605 5792 2156 0,29|12471 4398 04214698 2156 0,11 | 6846 6595 0,59 11460 4376 0,31
0,319 0,500 | 1,22 (24896 6014 2240 02913095 4616 04215455 2240 0,11| 7126 6949 0,59 12028 4594 0,31
0,340 0,524 | 1,15 26323 6273 2337 0,29]|13792 4859 04216298 2337 0,11 7449 7 341 0,59 12 664 4839 0,31
0,360 0,545] 1,09 |27 682 6534 2436 0,28|14 465 5094 04217108 2436 0,11 | 7770 7717 0,60 13280 5076 0,31
0,380 0,567 | 1,03 (29041 6809 2539 02815146 5332 04217925 2539 0,11 8107 , 8095 0,60 13904 5317 0,31
0,400 0,587 ] 098 (30401 7100 2649 0,28|15838 5575 04218750 2649 0,11 | 84608476 0,60 14539 5563 0,31
0,420 0,607 | 093 31760 7409 2766 02816540 5822 04219584 2766 0,11 8831/ 8860 0,60 15185 5813 0,31
0,440 0,626 | 0,89 [33119 7736 2889 02817254 6074 04220427 2889 0,10 9222 9247 0,60 15844 6068 0,31
0,460 0,645 | 0,85 34478 8083 3021 02717981 6331 04221281 3021 0,100\9 634 9637 0,59 16 515 6329 0,30
0,480 0,663 | 0,81 (35837 8454 3161 02718723 6593 04222145 3161 0,40°{10 069 10031 0,59 17202 6596 0,30
0,500 0,681 ] 0,78 [37 196 8849 3311 0,27 (19479 6862 04223023 33110,10 (10530 10429 0,59 17904 6870 0,30
0,530 0,706 | 0,74 [39235 9495 3556 0,27]20647 7278 042]24365 35856 0,10 (11276 11034 0,59 18992 7295 0,30
EGLASS \\Z
pm= 12 UD CSM BD+ 0/90° + 45° DBx Double bias | Quadrax 0/45/90/-45
p= 2,56 kg= 250
Efl= 73040 €ufi=Kg €uti/(1+6uti/euct) With i=1 or 2 | eu=Kg o/ (1#€ie/euc) | €ur=Ke €ut/(1+eut/Euc) | €ur=Ke eut/ (1+eur/Euc) |  Eur=Ke €ur/(1+6ut/uc) afl
Ef2= 73 0qo ples
Em= 3300 | |  =memmemmmemcmeeeeeeodes Values of strains (%) intler
Gf= 30 0qo &t &z et B2 fum Gu Yurz | 8t &uc &t Tu &t &uc et Yu &t &uc &yt Yu &t &Ue &yt vy |lam|nar
Gm=_ 1222 190 0,50 1,40 1,40 2,02 092 1,701,385 1,70 1,88 2,00f1,55 1,40 1,84 1,70]1,06 1,02 1,30 1,80) 1,30 1,20 1,56 1,70 | strpss
) \] /w Values of stresses (N/mm?) T
Vol Mass 1/[¢*p) Sun_ Oue Ouct Ouce Gum_ Ou Tu”| Out  Ouc  Our TusT| Out  Ouc  Our TusT| Out  Guc  Our TusT | Out OUuc Ouf _ TusT T

0,140 0,258 2,79 (242 21 178 60 257 _39“~27 |100 127 140 53 |132 119 156 27 [ 51 49 63 66 | 90 83 108 45 14
0,160 0,289 244 (268 22 197 62 284( 41 28 |109 137 151 57 |144 130 170 28 ( 53 51 66 73 | 97 90 116 48 17
0,167 0,300 2,34 |277 22 204 63 ,2947) 41 28 |112 141 156 59 |148 133 175 28 | 54 52 67 75| 99 92 119 50 17
0,180 0319 2,17 (294 23 216 64311 42 29 |117 147 163 62 |155 140 184 29 ( 56 54 69 79 (104 96 125 52 14
0,200 0,348 195 (319 24 235 /6% ~339 44 30 |125 158 175 66 |167 151 198 30 ( 59 56 72 86 (111 103 134 56 14
0,220 0376 1,78 345 25 254) 69 366 46 31 |134 169 186 70 |179 162 213 31| 61 59 75 92 (119 110 143 59 14
0,240 0,403 1,63 (371 26 73, 72 394 47 33 |142 179 198 75 |191 173 227 33 | 64 61 78 99 (126 116 151 63 15
0,260 0,428 1,50 | 397 27292 75 421 49 34 |151 190 210 79 (203 184 241 34 | 67 64 82 105|134 123 160 67 15
0,280 0,453 1,40 423 28,,/311 78 448 51 35 |160 201 222 83 |216 195 256 35| 70 67 85 112 141 130 170 71 14
0,300 0,478 1,30 [448 \29 330 81 476 53 37 |168 212 235 88 |228 206 270 37 (73 70 89 119( 149 138 179 74 14
0,319 0500 122 [473 30 349 84 502 55 38 |177 223 246 92 |240 216 284 38 ( 76 73 93 125|156 144 188 78 13
0,340 0524 1,157/ 500 31 369 88 530 58 40 (186 234 259 97 |253 228 300 40| 79 76 97 132|165 152 198 82 13
0,360 0545 1,09.4526 33 388 91 558 60 41 |195 246 272 102|265 240 315 41 | 82 79 101 139 173 159 207 86 13
0,380 0567 1,03 552 34 407 95 585 63 43 |204 257 285 107|278 251 330 43 | 86 83 105 146 181 167 217 90 12,6
0,400 0,587 098 [578 36 426 99 613 65 45 |214 269 298 112|291 263 345 45| 90 86 110 153 189 174 227 95 12,3
0,420 0,607 093 [603 37 445 104 640 68 47 |223 281 311 116|304 274 360 47 ( 94 90 115 159 197 182 237 99 119
0,440 0,626 089|629 39 464 108 667 71 49 |233 293 325 121317 286 376 49 | 98 94 120 166 | 206 190 247 103 | 116
0,460 0,645 085|655 40 483 113 695 74 51 |243 306 338 127|330 298 391 51 (102 98 125 173 215 198 258 108 | 11,3
0,480 0663 081|681 42 502 118 722 78 54 |253 318 352 132|343 310 407 54 (107 103 131 181 224 206 268 112 | 109
0,500 0,681 0,78 [ 707 44 521 124 750 82 56 |263 331 366 137|357 322 423 56 (112 107 137 188( 233 215 279 117 | 106
0,530 0,706 0,74 [ 745 47 549 133 791 87 60 |279 351 388 146|378 341 448 60 [120 115 147 199 247 228 296 124 | 10,2

B O N O UTO R O WO

°
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Table C.10 — Computed values of Tables C.5 to

ISO 12215-5:2019(E)

C.8 for carbon HS laminates

(with kgg = 1)

CARBON HR

p= 1,78 uD BD+ 0/90° + 45° DBx Double bias |Quadrax. 0/45/90/-45

Pm= 1,2 vi= 0,27

Efl= 235000 Vin = 0,32

Ef2= 20 000 = 1

Em= 3300 nE= 0,717

Gf= 50 000 nG= 0,952

Gm= 1222

¢ v t/w

Vol  Mass 1/(¢"pd| Eups Eup2 Guprz vuprz| Esx  Gex  vex | Eos Gos VoB | Equad  Gquad  VQuad

U, 19U U, 170 4,UL 2% 0FO F US0 1070 Uo1l 17950 1 070 U,U0 2 0%V 7 147 U,7 5 I 101 5 505 0,32

0,160 0,220 3,51 | 39363 4155 1661 0,31 |21759 1661 0,06 | 5811 10268 0,75 [15742 59654032

0,180 0,246 3,12 | 43881 4278 1728 0,31 |24079 1728 0,06 | 6085 11409 0,76 |17 338 6568 |0,32

0,200 0271 2,81 | 48399 4404 1797 031 |26402 1797 0,05 | 6366 12552 0,77 (18938 17174 |0,32

0,220 0,295 2,55 | 52917 4536 1870 0,31 |28726 1870 0,05 | 6655 13695 0,78 [20642-77 782 |0,32

0,240 0319 2,34 | 57435 4671 1946 0,31 |31053 1946 0,05 | 6953 14839 0,79 (22452 8393 |0,32

0260 0343 216 | 61953 4812 2026 0,31 |33383 2026 0,04 | 7262 15984 0,79'423766 9005 |0,32

0280 0366 2,01 | 66472 4957 2111 0,31 |35714 2111 0,04 | 7584 17130 8025386 9620 |032

0,300 0389 187 | 70990 5108 2199 0,31 |38049 2199 0,04 | 7920 18276 N0,80 (27011 10238 |0,32

0320 0411 1,76 | 75508 5264 2293 0,30 |40386 2293 0,04 | 8271 19423 080 (28642 10858 |0,32

0340 0433 1,65 | 80026 5427 2392 0,30 |42726 2392 0,04 | 8639 2057 0,81 (30280 11482 |0,32

0360 0455 156 | 84544 5595 2497 0,30 |45070 2497 0,04 | 9025 21721 0,81 (31924 12109 |0,32

0380 0476 148 | 89062 5770 2608 030 |47416 2608 0,04 | 9432422870 081 (33576 12739 |0,32

0,400 0497 140 | 93581 5953 2726 030 |49767 2726 0,04 | 9862 24021 081 [35236 13374 0,32

0,420 0518 1,34 | 98099 6142 2851 0,30 |52121 2851 0,04( 10315 25173 0,81 (36905 14012 |0,32

0,440 0,538 1,28 |102617 6340 2985 0,30 [54478 2985 0,03 [10796 26326 0,81 [38583 14 655 |0,32

0460 0558 1,22 |107135 6546 3127 0,30 |56841 3127 0,03 [11307 27480 0,81 (40271 15304 |032

0480 0578 1,17 |111653 6762 3280 0,30 |59207 3280,)0,03 [11850 28636 0,81 (41971 15958 |0,32

0,500 0,597 1,12 |116171 6986 3443 0,30 |61579 3443 0,03 12430 29792 0,80 (43683 16618 |0,31

0,520 0,616 1,08 |120689 7221 3619 0,29 |63955{3%19 0,03 {13050 30950 0,80 [45409 17285 |0,31

0,530 0,626 1,06 |122948 7343 3712 0,29 |65146"3712 0,03 |13376 31530 0,80 [46278 17621 |0,31

CARBON HR
= 1,78 uD BD 0/90° + 45° DBx Double bias | Quadrax. 0/45/90/45
om = 1,2 ke= 2,94
Ef1= 235000 euti=Kg guti/(1+£uti/£uci) withi£1 or 2 eur=ke 8ut/[:l""(:ut/auC) eur=ke Eut/[1+8ut/8uc) eur=Kg Sut/(1+£ut/8 C) all
Ef2= 20000 plies
Em= 3300 | e Values of strains (%) ----------------=-=--=-zouuu- inter
Gf= 50000 gt SR Euet LBUex, fur fu Yurz| S &e & Yu | s & g Yu | B Bue  Bur v |laminar
Gm= 1222 1,00 050 0,70~1390 1,21 1,16 1,50(1,00 0,70 121 140|077 075 1,12 1,02]|092 0,74 121 1402 stress
¢ v t/w Outt  Out2 (Ouct="Ouc2  Ouft _ Ourt Ty Out  Ouc  Ouf  TusT| Out Ouc  Ouf TusT| Out Ouc  Ouf TsT Til

Vol Mass 1/(¢*pd| = =i ™ e Values of stresses (N/Mm?) --------oooooemeeeeemememaeeee
,140 0,195 4,01 348 - 20/ 244 77 422 47 24 | 194 136 235 22 43 42 62 93 | 130 105 171 5 18,0
160 0,220 351 | 394°_21 276 79 477 48 25218 152 263 23 | 45 44 65 105|145 116 190 1 17,5
,180 0,246 3,12 | 439" 21 307 81 531 50 26241 169 292 24 | 47 46 68 116|160 128 209 7 16,9
,200 0,271 2,81 484 22 339 84 586 51 27 (264 185 320 25 49 48 71 128174 140 228 ¥3 16,4
220 0,295 285529 23 370 86 641 53 28287 201 348 26 | 51 50 74 140|189 152 248 [9 16,0
240 0,319 _ 234 | 574 23 402 89 695 54 29311 217 376 27 | 54 52 78 151|204 164 267 6 155
260 0,343 2,16 620 24 434 91 750 56 30| 334 234 404 28 56 54 81 163|219 176 287 2 15,0
280 0,366 2,01 | 665 25 465 94 805 58 32357 250 432 30 | 58 57 85 175|234 188 306 98 14,6
,300¢ 0389 1,87 | 710 26 497 97 859 59 33380 266 461 31 | 61 59 88 186|248 200 326 o4 | 14,2
320 V0,411 1,76 755 26 529 100 914 61 34 |404 283 489 32 64 62 92 198|264 212 345 111 | 138
3400 0433 1,65 | 800 27 560 103 969 63 36| 427 299 517 33 | 67 65 96 210|279 224 365 17| 134
0360 0455 156 | 845 28 592 106 1023 65 37 |451 315 546 35 | 69 68 101 222|294 236 385 124| 13,0
0380 0476 1,48 | 891 29 623 110 1078 67 39 |474 332 574 37 | 73 71 105 233|309 248 405 130| 126
0400 0497 1,40 | 936 30 655 113 1133 69 41 498 348 602 38 [ 76 74 110 245|324 261 425 136| 123
0,420 0,518 1,34 981 31 687 117 1188 71 43 |521 365 631 40 79 77 115 257|340 273 445 143 119
0440 0538 1,28 |1026 32 718 120 1242 74 45545 381 660 42 [ 83 81 121 269|355 286 465 149 | 116
0460 0558 1,22 |[1071 33 750 124 1297 76 47 |568 398 688 44 [ 87 85 126 280|370 298 486 156 | 113
0,480 0,578 1,17 1117 34 782 128 1352 79 49 (592 414 717 46 91 89 132 292|386 311 506 163| 109
0500 0597 1,12 |1162 35 813 133 1406 81 52616 431 745 48 [ 96 93 139 304|402 323 527 170| 106
0520 0616 1,08 |1207 36 845 137 1461 84 54 | 640 448 774 51 (100 98 146 316|418 336 548 176| 103
0,530 0,626 1,06 |1229 37 861 140 1488 85 56 | 651 456 789 52 | 103 100 149 322|426 342 558 180 | 10,2
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C.4 Determination of mechanical properties of materials not quoted in

Tables C.

5toC.10

C4.1 Ge

neral

Single skin or sandwich plating layers made from other materials than those in Tables C.5 to C.10 shall
be specifically considered, either as alternative layers to be used in the enhanced method (ply by ply
in Annex H) or as a one "thick" layer to be used in the simplified method. The one "thick" layer method
is valid if the flexural strength of the various plies do not differ more than 25 % to 30 %. from the
average value of all plies. Table C.11 shows an example of such a calculation for Mat+ layers of Rovimat,

considere

Where lay
than30 %
Table H.2.
stress of t}

Mgy corr is

C4.2 Ex

A GRP bui
¢ =0,300 f]
layer, then

as one ply.

brs close to the outer or inner surface of the laminate have a strength that differ n
pf the average (e.g. resin rich drainage ply), the full laminate will be better analysed v
nverting the single skin formula for the simplified method of Table A.5, the actual benc

e "global" ply shall be determined as g3 = 6xMgp corr/ta? (see last rows of Tabte H.2), wh
piven in Table A.4 and t, is the actual thickness.

hmple

der using an outer ply made of 2 Mat300 with ¢ = 0,167, and Rovimat R800/M300 V

br roving and ¢ = 0,167 for mat, may use Table C.11 to derivedirst the properties of a Rovi
the properties of several compositions and mechanical properties.

ore
vith
ling
jere

vith
mat

Table .11 — Pre-calculated table for 2 Mat 300, Rovimat-800/300 and their combination|

1 w ¢ v t/w t E | G | 6 te | e | fw | 0w | 0w | ow |

2 kg/m? Vol Mass [1/(¢*p)| mm N/mm? N/mm S [ e S —— -- N/mm? -------

3 2 MatB00 0,6 0,167 | 0.300 2,34 1,40 8267 2943 11 602¢f\ 4 130 1,35 1,70 1,88 2,00 112 141 155 9
4

5 1 MatB00 0,30 0,167 0.300 2,34 0,70 8267 2943 RW 2 065 1,35 1,70 1,88 2,00 112 141 155 9
6 1 Roving 800 0,80 0,300 | 0478 1,30 1,04 14 698 2156 | 15310 2246 1,55 1,40 1,84 1,70 228 206 270 7
7 1 Rovimat $00/300 1,10 0,246 0411 1,58 1,74 12 109 24 21112 4311 1,35 1,40 1,84 1,70 163 170 223 2
8

9 2 MatB00 0,60 0,167 0,300 2,34 1,40 8267 ,.wﬁﬁ 11 602 4130 1,35 1,70 1,88 2,00 112 141 155 ©
10 | 1 Rovimat $00/300 1,10 0,246 0,411 1,58 1,74 12 104\ 473 21112 4311 1,35 1,40 1,84 1,70 163 170 278 2
11 Tothl 1,70 0,211 | 0,363 1,85 3,15 I@Q\ 2 682 32714 8 441 1,35 1,40 1,84 1,70 140 146 191 6
12

13 2 MatB00 0,60 0,167 | 0,300 2,34 1,40 8267 2943 11 602 4130 1,35 1,70 1,88 2,00 112 141 155 9
14 [ 2 Rovimat $00/300 2,20 0,246 0,411 1,58 3,49 \|V12 109 2473 42 223 8622 1,35 1,40 1,84 1,70 163 170 223 2
15 Tothl 2,80 0,224 | 0,381 1,75 m 11 007 2 608 53825 | 12752 1,35 1,40 1,84 1,70 149 154 203 14
16

17 2 MatB00 0,60 0,167 0,300 2,34 1,40 8267 2943 11 602 4130 1,35 1,70 1,88 2,00 112 141 155 9
18 | 3 Rovimat $00/300 3,30 0,246 | 0,423 m +| 5,23 12 109 2473 63335 | 12933 1,35 140 1,84 1,70 163 170 223 2
19 Tothl 3,90 0,230 0,389 \;d) 6,63 11 297 2572 74 937 17 063 1,35 1,40 1,84 1,70 153 158 208 14

Row 3 of Table C.11 gives-the calculations for 2 Mat 300, Row 7 for a Rovimat 800/300, and rowq 11,
15, and 19 give respectively the properties for 2M 300+ 1, 2 and 3 Rovimat. (Yellow cells are data, blue

cells are c4
stress (ten|
of the plies
two types

lculation results, green cells are important results for E, G, € and o). Green cells for ultin]

hate

CAUTION — For ease of calculation, kgg and kam have been taken as 1 and the glass contents
in mass  is arbitrarily taken from Table C.7. For actual calculation, all these data shall be
determined according to Clause 10 and the stresses according to Table 17.
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D.

ISO 12215-5:2019(E)

Annex D
(normative)

Drop test for craft <6 m

D.1]
The

acting on a two-dimensional wedge model penetrating the water.

On

estimated as the impact pressure on the same model. For this approach Wagner’s Theory is u

D.1
Thd

As 1
are

d)

f)
D.1]

For

Theoretical hackaoround
+HieoreH e D3 eKgrouna

.1 Theory of drop test

impact pressure of a craft running in waves can be approximately estimated as,the impa

.2 Wave conditions

following parameters are taken into consideration:
wave height Hw;

wave length Iw;

wave slope Hw/w;
wave length to craft length ratio Tiv/Lwi;
wave height to craft length ratio Hw/LwL.

he impact acceleration on a running craft should be the maximum value, the following as
made for the above parameters:

Hw/lw =1/20

Iw/Lw =2

Hw/Lw1, =0,1

.3 Relative impact speed

the estimated relative impact speed in waves, the following parameters are taken into con

Ct pressure

the other hand, impact pressure on a craft that falls free into the watér can be approximately

sed.

sumptions

sideration:

vertical factor of wave motion;
vertical factor by pitching;
vertical factor of advance speed with bow inclination to waves;

trim angle of 4°.

Taking into account that a craft at high speed is for some time airborne, it is assumed that the craft falls
from the wave crest to the wave bottom.

The relative impact speed in a drop test can be calculated by using Wagner’s formula for the craft’s
motion. From these parameters, the response can be determined.

©IS

02019 - All rights reserved
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D.1.4 Verification of “drop height”

Drop tests have been carried out using the impact load as measured on the same craft in running
condition in waves. These data have been compiled in a graph which allows determining the appropriate
drop height for a certain craft at a given speed under defined wave conditions, as described under D.1.2.

D.1.5 Safety margin

In the main body of this document, the safety margin is included in the design stresses for the material.
In the drop test, the safety margin is incorporated in the maximum impact load, assuming that all craft

are at some time airborne _bhecause the stipulated wave conditions are assumed to cover all the acfual
conditions

D.1.6 Fatigue

As the method of scantling determination in the main body of this part of ISO 12215 does not addfess

fatigue, it s
is consider

D.2 Test

D.2.1 Ge

This test i
constructi
the crafth

D.2.2 Te

The craft is
length rati

The follow

the cr
numbs
distrih

the ke
the wa

The cr

D.2.3 Ins

eems justified to use the same approach in the drop test. In both cases tlie one-time imj
ed to give adequate answers for the long-term durability of the craft.

and compliance

neral

s considered applicable to craft with a hull length ef <6 m, of single skin or sandv
s been subject to the drop test.

5t procedure

lifted to a predetermined height Hz, as.determined from Figure D.1, in relation to the spe
b V/ Lt -
ng conditions shall be fulfilled:

hft is in loaded displacement condition, mypc; the mass of the maximum recommen|
r of persons and of vulnerable equipment and outfit may be replaced by a mass with the s
ution within the craft;

] shall be approximately parallel to the water surface;
ve height in €he'test premises shall not exceed 100 mm.

hft is released, dropping into the water.

péction and pass/fail requirements

pbact

rich

bn, where the internal face of the plating and the internal stiffeners can be inspected affter

ded
hme

The craftis then taken on land and the bottom and side structure of the hull, deck and internal stiffeners
are inspected. The craft is deemed to pass the test if:

— on FRP craft, laminate or gel coat: cracks and the possible debonding/failure of the internal
structure;

on other material: cracks on the internal or external face of the plating and failure of the internal
structure.

74 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

Key
X |LwL, m
Y |Hz m

NOTE The humbers at the end of each straight line correspond to the speed/length ratio V/, [Lwil

Y |} 18171615 14 13 12 11 10 9 8
2,5 AN AV / 7 7 s
24 /// / / // // / / 7
) / / / / /
o2 // / / / // // // d 6
2,1 / // // / / // ///
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Figure D.1 — Determination of drop test height

i of the line.
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E.1 Sandwichformulas

Annex E
(normative)

Sandwich calculations

E.1.1 Geperal

The core i considered ineffective in carrying any bending moment and is only capable of transmit
shear forcd. Table E.1 gives the general formula, approached values, and values for symmetric sandw

n

g I <
1cm

o

Figure E.1 — Sandwich schematic sketch

Table E.1 — Sandwich formulas (See Figure E.1)

[ing
ich.

General formulas
tr=te+ty + & mm total thickness of sandwich
(to +t;) . o . .
tg=te +——0n" mm distance between mid-thickness (centroids) of skins
2
ti th t . . .
0= +—= mm distance of the furthest side of outer skin from NA
l’i + tO 2
(RS tS ti . . . .
= +— mm distance of the furthest side of inner skin from NA
Ustp+t, 2
t Lgrsee 23 .3 A
[=| 1S 70 T T cm4/cm |second moment of area per centimetre width
tO + ti 12
10x1 ) .
SM, = cm3/cm |section modulus of the outer skin
Yo
10x1 _ _ ,
SM; = cm3/cm |section modulus of the inner skin
Yi
where
to and t; mm thickness of the outer and inner skins of the sandwich r;
tc mm thickness of the core.
76
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Table E.1 (continued)

ISO 12215-5:2019(E)

Approached values - Only valid if skins made of the same material and layup and t; = 20,7 ¢,

CXt

100

[*] C

100

and SM, =

t-Xt;

1

cm3/cm

approached section modulus of the outer and inner skin

2
by XtjXtg

1000(ty +t;)

cm4/cm

approached second moment

Symmetric sandwich - where t = t, = ¢;

sMm =-C cm3/cm |approached section modulus
100
txt 2

I= S cm4/cm |approached second moment
2000

E.2
Thd
Thd

Sandwich pre-calculated tables and figures
section moduli SM (cm3/cm) are given in Table E.2 and Figure E.2.
second moments / (cm#/cm) are given in Table E.3 and Eigufte E.3.

Table E.2 — Values of approximated section moduli (cm3/cm) of symmetrical sandwiches

Core thickness Thickness of each skin ¢ (mm)
te 1 2 3 4 5 6 7 8
12 0,12 | 0,24"| 0,36 | 0,48 | 0,60
16 0,16+ 0,32 | 0,48 | 0,64 | 0,80 | 0,96
20 0,20--] 0,40 | 0,60 | 0,80 | 1,00 | 1,20 | 1,40 | 1,60
24 0,24 | 048 | 0,72 | 096 | 1,20 | 1,44 | 1,68 | 1,92
28 0,28 | 0,56 | 0,84 | 1,12 | 1,40 | 1,68 | 196 | 2,24
32 032 | 0,64 | 096 | 1,28 | 1,60 | 192 | 2,24 | 2,56
36 0,36 | 0,72 | 1,08 | 1,44 | 1,80 | 2,16 | 2,52 | 2,88
40 040 | 0,80 | 1,20 | 1,60 | 2,00 | 2,40 | 2,80 | 3,20
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Y
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Key
X  t, mm

Y SM,cm$/cm

Figure|E.2 — Graph of approximated section moduli (cm3/cm) of symmetrical sandwichej

Table E{3 — Values of approximated second moment / (cm4/cm) of symmetrical sandwiches

Core thickness Thickness of each skin t (mm)
(nfin ) 1 2 3 4 5 6 7 8

12 0,08 0,20 0,34 0,51 0,72

16 0,14 0,32 0,54 0,80 1,10 1,45

20 0,22 0,48 0,79 1,15 1,56 2,03 2,55 3,14
24 0,31 | 0,68 | 1,09 1,57 | 2,10 2,70 | 3,36 | 4,10
28 0,42 0,90 1,44 | 2,05 | 2,72 347 | 4,29 5,18
32 0,54 1,16 1,84 2,59 3,42 4,33 5,32 6,40
36 0,68 1,44 2,28 3,20 4,20 5,29 6,47 7,74
40 084 | 1,76 2,77 | 3,87 | 506 | 6,35 7,73 9,22
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jgure E.3 — Graph of approximated second moment / (cm4/cm) of symmetrical sandwiches
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Annex F
(normative)

Wood/plywood laminate properties and calculations

F1 Wogedlaminates
F1.1 Geperal
This Annex applies to three types of laminated wood construction - plywood (F.1.2), moulded verjeer
(E.1.3) and|strip planking (F.1.4).
In each cade the wood plies shall be bonded by a structural adhesive, and at the construction stage|the
wood shalllbe effectively encapsulated to stabilize the long-term moisture contént.
Lightweight sheathings of 0,2 kg/m?2 to 0,3 kg/m?2 fibreglass are usuallyxemployed. A lower mass of
sheathing |s considered too light, heavier sheathing is unnecessary unléess considered as part of|the
working njaterial and analysed under Annex H. A construction with a wood core and compdsite
skins which differ from the content of A.10.3 is not included in tHis dnnex (see Annex H, assuming a
structurally effective core, i.e. not as a sandwich construction).
NOTE b is the direction parallel to the short dimension of the-panel.
F1.2 Plywood
Plywood i§ made of prefabricated laminated pliesy(minimum 5) alternately orientated at 0/90° and
generally qrranged such that the outer face grain is either parallel or perpendicular to the sides of{the
panel. See Figure F.1.

b b

a) Outer face perpendicular with b direction b) Outer face parallel with b direction

NOTE The example shows a plywood with 5 plies.

Figure F.1 — Plywood sheet-ply orientation
80 © IS0 2019 - All rights reserved
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CAUTION — Builders shall be aware that plywood is stiffer and stronger in the direction of
the outer face grain and shall accordingly take that the orientation of the plywood sheets is
according to design and structural calculation (See Table A.5 and the following Tables).

F.1.3 Moulded in-situ veneers

Cold moulded in situ is made of thin veneers, orientated at +45° to the panel sides, comprising at least
3 plies. The outer ply may run parallel or perpendicular to the panel sides. See Figure F.2.

b b
a) All veneers run at +45° b) Veneers run at +45° with b
with b direction direction, except final veneef
NOTE The example shows 4 veneers.

Figure F.2 — Moulded veneer orientation

NOTE Cold-moulded in this_document means 3 or so thin veneers on closely spaced (say 20(q - 300 mm)
stripgers NOT thick laminated.monocoque shell which relies on shell behaviour for strength/stiffnesfs. The latter
is ofitside this Annex becatis¢ it may not be analysed with simple formulas.

F.1i4 Strip planKking

Strip planking'iss-made of narrow planks glued edgewise, may be butt jointed, generally run fore and aft
and are supported by transverse frames. Strip planking combined with + 45° veneers wherg¢ the hull is
strip-planked and finished off with a number of thin veneers are also included.

For[al’but strip plank with 1 mm (0,8 kg/m?2) glass skins inside and outside, the thickness r¢quirement
from Table A.5 refers to the total thickness of wood (strip plank and veneers), exclusive of any
lightweight sheathing. See Figure F.3.
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F.2 Wood laminate mechanical properties

TR T
T r O3 T

I Y A
it

. I Y N e

a)1l mnl (0,8 kg/m?2) glass sheathing inside b) Two £45° veneers on thick strip planking
nd outside of strip planking

Figure F.3 — Strip planking with heavy fibre sheathing or veneers

F.2.1 Tested properties

Where the|mechanical properties used for the scantlings determination are derived from tests, t
tests shall[ be conducted in accordance with«the applicable or appropriate International Stand

ese
hrd.

Where an [nternational Standard does not exist) a national standard may be used instead.

The mechahical properties obtained from tests on small, clear, straight-grained samples using the saime
ply sequenice as the as-used material.Jgyf used in the calculations shall be 80 % of the mean ultinpate
strength dr mean ultimate strength’ minus two standard deviations, whichever is the lower. [For

plywood, als the building process-ismore industrial the 80 % above may be replaced by 90 %.

F.2.2 Non-tested propérties

oyf shall bd obtained

from manufacturers’ data, which correspond to guaranteed minimum values;

using 90-%-of typical manufacturers’ data for plywood;

from laminate stack analysis where the method has been verified against previous test data
(see Annex H), and where the input mechanical properties of each solid wood ply are to be taken as
not >80 % of the average of typical values;

using the formulas given in Table F.2, tabulated in Tables F.4 and E.5, which supply prediction
formulas for the three types of construction covered and mechanical wood properties taken from
Table F.1;

using the formulas given in Table F.3, tabulated in Table F.6, which supply prediction formulas for
plywood on edge.

The mechanical properties of non-tested plain woods to be used in the scantlings calculation shall
be obtained from Table F.1. The values presented in Table F.1 correspond to 80 % of the mean values
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obtained from tests on small, essentially defect-free samples. These values shall be used in Table 17
with the design stress factors given in Table 16.

The mechanical properties of non-tested wood panels: plywood #45° cold-moulded veneers, and strip
planking shall be obtained from Table F.2 and are computed for typical cases in Tables F.3 and F.A4.

When plywood or cold-moulded wood is used in webs (webs of stiffeners, webs of large beams like
multihull cross arms), it is very important to know the allowable shear stress. The in-plane (on edge)
shear strength of plywood or cold-moulded panels where the plies are oriented +45° from the main
directions of the panel is greater than at 0/90° and can be derived from Table F.3.

Table F.1 — Mechanical properties of typical wood species

Wood species Density Ouf // Ocu // T/ zE//

Softwood p grain grain grain grain
Common name Scientific name kg/m3 | N/mm?2 | N/mmZ< N/mm?2 [ N/mm?
Fir|Douglas Pseudotsuga menziesii 520 74 471 8,9 10 140
Larfch, European Larix decidua 545 74 37 9,8 10 630
Pink, Yellow Pinus strobus 433 64 34 7,5 8440
Cedar, Western Red | Thuja plicata 368 52 28 6,8 7 180
Redwood, Baltic Pinus sylvestris 481 67 36 9,1 9380
Sprjuce, European Picea abies 400 52 28 7,6 7 800

Sprjuce, Sitka Picea stitchensis 384 53 29 6,9 7 490

Other woods p 0,137p | 0,075p | 0,018p
Softwood - Elastic modulus // grain E(N/mm2)=19,5p

Hardwood Density | out/ | Oeusy | Ty | ~E/7

p grain grain grain grain
Common name Scientific narhe N/mm2 | N/mm2 | N/mm2 | N/mm2 || N/mm?

Aspen, European Populus tremula 460 55 34 6 8 050
Afrprmosia Pericopsis elata 737 108 57 14 12900
AfZelia Afzelia sp. 817 100 63 14 14 300

Agha Gossweilerodendron balsamiferum 497 65 35 9 8700
Ekli (azobe) Lophira alata 1037 142 72 19 18 150

Okgume Gaboon Aycoumea klaineana 440 60 28 8 9200
Iroko Chlorophora excelsa 657 72 44 11 11 500
Jarrah Eucalptus marginata 865 94 51 14 15 140
Kapur Dryobalanops beccarii 705 93 53 10 12 340
Kapri Eucalyptus diversicolor 914 111 60 14 16 000
Kerluing Dipterocarpus caudiferus 641 88 48 10 11220
Malogamny, Africamr —[Kiaya antiotiieca St 67 36 10 9000

Mahogany, American |Swietenia marcrophylla 497 67 36 10 8700
Makore Tieghemella heckelii 609 81 43 11 10 660

Meranti, light red Shorea dasyphylla 481 70 40 8 8420
Oak, European Quercus spp. 689 77 41 11 12 060
Opepe Nauclea diderrichii 753 96 58 14 13180
Sapele Entandrophragma cylindricum 673 89 47 14 11 780

Teak Tectona grandis 641 84 48 12 8 050
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Table F.1 (continued)

Utile (Sipo)

Entandrophragma utile

641

83 48 14 12900

Other woods

p

0,130p | 0,071p | 0,018p

Hardwood - Elastic modulus // grain

E(N/mm2)=175p

Table F.2 — Ultimate flexural strengths and flexural moduli for laminated wood panels

Specifications

Ultimate flexural strength
Ouf

N a2
N7 T

Flexural modulusc

AAAAAAAAA

Plywood

Parallel to

ace graina

0,5
2
] (68—2Np1y+0,03Np1y)

|

Ppw
1000

P pw
1000

‘)

0,75
] (11400-580 ¥, 16N |

Perpendicy
grainb

lar to face

|

0,5
P pw ( 2 )
—v 11+6,5N ., —0,28N
1000 ] ply ply

[ 1000

0 0,75
PW ] (13200, ~55N > ~1290)

ppw is the
measuremsd
of the base

bpecific mass (density in kg/m3/1 000) of the plywood in question. This value shall be obtained
nt of actual samples. This value shall include the presence of glu¢lines and may exceed the den
wood by 10 % or more.

Nply is the umber of plies, presumed to be an odd number between 5 and*15.

by
bity

+45° cold-moulded veneers

All plies at
panel side
(valid in bo
long panel

+45° to short

th short and
lirections)

0,3 oy of parent wood

0,2 Efof parent wood

Final ply r
to the shot

In short pa

In long pan|

hinning at 90°
t panel side

hel direction

k|l direction

(0,01 Nply + 0,17) af of parent wood

Not relevantfor paneld

(0,006 Nply + 0,14) Er of parent wood
0,35 Efof parent wood
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Table F.2 (continued)

Ultimate flexural strength Flexural modulusc

Specifications Ouf Ef
N/mm? N/mm?2
Strip planking

The grain of the strip plank
is presumed to run parallel
to the short panel side.

1,6 (0L./05)0:5 x oyf
of strip plank woode

(oL/0s) x Ef
of strip plankf

T adR-FHRS parallaliao tha choret dianpncing oftb g nanal
graghFranspara €

a The parallel to the face grain value shall be used in Table A.5 for laminated wood of plywood, when the face

T toOT e oo T T O C o To T Ot ircpotor

b The perpendicular to the face grain value shall be used Table A.5 for laminated wood of plywoe

face grain runs at 90° to the short dimension of the panel.

¢ The flexural modulus is to be used when calculating the effective extent of attached platinhg for dtiffener as-
sespments.

d If the final ply runs parallel to the short panel side, analysis should be carried msing Annex H. Hpwever, the
formula for all plies at +45° to short panel side may be used as a conservative estimate.

e (pL/os) is the ratio of the strength of the panel in the long panel direction/to-that in the short pangl direction.
It shall not be taken >0,39.

f For purposes of calculating the effective extent of attached plating for stiffener assessments, the flexural
mofulus perpendicular to the grain of the strip plank, may be takenas\(o1./0s) x flexural modulus of ptrip plank.

l, when the

Typical o1 /o5 values

For|strip plank with a very light sheathing: 0,07

For|strip plank with 1 mm + sheathing, inside and out: 0,14

For|strip plank with #45° veneers, where the veneer thickness <50 % of the strip plank thickness: 0,L0

NOFE These figures for o,/os and the use of the strip plank flexural strength are intended to be cgnservative.
Betjter estimates may be obtained by testing orusing the method of Annex H.

Flekural moduli of parent (solid) wood may.be obtained from Softwood: Ef= 19,5 p, Hardwood: Ef=[17,5 p

Table F.2 gives data for a plywood\or cold-moulded panel (bending like a hull panel und
pregsure).

Tables F.4 and E5 give pre-galeulated values from Table E.2.

Table F.3 gives data forplywood on edge (bending like a bulkhead or a frame under external
Tabje F.6 gives pre-calculated values from Table F.3.

TION — Plywood with thin plies and full ply continuity usually have better n
prapertiesthan documented here, and the users may use specific minimum values d
the|plywood manufacturer. The same applies to non-balanced plywood, designed fo
centreboards, etc. that have increased mechanical properties in the direction
bending stress.

br external

pressure).

jechanical
bclared by
r rudders,
pf greater

Table F.3 — Mechanical properties for plywood on edge

Variable Unit Formula
E// N/mm?2 17,5 x (0,1 + 0,9 x kn)x(ppw — 100)
EL N/mm?2 17,5 x (1 - 0,9 x kn)x(ppw - 100)
oy // N/mm?2 0,0075xE //
oy L N/mm?2 0,0075xE |
G N/mm?2 1,2 ppw
T N/mm? 0,02 ppw
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Table F.3 (continued)

Variable Unit Formula
E//orE | atangle 6 N/mm?2 0 2
E//orEl [1-—+ for 0 < 9<90°
38
oy //or oy L atangle 6 N/mm?2 0 2
oy //oroy L 1—§+ for 0 <0 <90°
T atangle 6 N/mm? 2
TX| 1+——+ for 0 < 6 <45°
250 4000
where ky +0,5| 1+ N and p pw is the plywood actual density (kg/m3). This assumes an odd number off
ply
equal thickpness plies. Where the two outer plies are thinner (perhaps due to sanding)than the other plies, kjn
shall be taken as 0,5.
Thble F.4 — Pre-calculated values of plywood properties aecording to Table F.2
Density Number ouf /) ouf L £f Ef |
kg/m3 of plies N/mm?2 N/mm?2 N/mm?2 N/mm?2
5 37 23 4 476 2024
7 35 27 4086 2688
400
9 33 30 3760 3141
11 31 31 3499 3352
5 39 24 4890 2211
7 37 29 4464 2937
450
9 35 31 4108 3420
11 33 33 3822 3662
42 26 5292 2393
39 30 4831 3178
500
37 33 4 445 3701
11 35 34 4146 3963
44 27 5684 2571
41 32 5189 3414
550
39 35 4775 3976
11 37 36 4443 4257
S) 46 406 6 067 YAET
7 43 33 5538 3644
600
9 41 36 5097 4 244
11 38 38 4742 4 544
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Table F.5 — Pre-calculated values of cold-moulded +45° veneers according to Table F.2

Number orshort orlong Efshort Erlong
Wood common name of vlies direction N/ | direction | direction | direction
p mm? N/mm?2 N/mm? N/mm?2
All plies at +45° to short panel side
Western red cedar any 16 16 1435 1435
Mahogany, African any 20 20 1796 1796
Final ply at 90° to short panel side
3 10 NR 1144 2512
Western red cedar 4 11 NR 1177 2512
5 11 NR 1220 2 512
3 14 NR 1418 3142
Mahogany, African 4 14 NR 1472 3142
5 15 NR 1526 3142
Table F.6 — Pre-calculated values of plywood on edge according to Table F.
D¢nsity | Number K ouf // ouf L Ef E Go/90 T0/90 T4 /-45
kg/m3 | of plies N N/mm2 | N/mm2 | N/mm2 | N/mm2 | N/mm2 | N/mm?2 || N/mm?2
5 0,60 25 18 3360 2415
7 0,57 24 19 3225 2550
100 480 8,0 14,5
9 0,56 24 20 3 150 2625
11 0,55 23 20 3102 2673
5 0,60 29 21 3920 2818
7 0,57 28 22 3763 2975
150 540 9,0 15,2
9 0,56 28 23 3675 3063
11 0,55 27 23 3619 3118
0,60 34 24 4 480 3220
| 0,57 32 26 4300 3400
500 600 10,0 16,9
0,56 32 26 4200 3500
11 0,55 31 27 4146 3564
0,60 38 27 5040 3623
B 0,57 36 29 4838 3825
550 660 11,0 18,6
0,56 35 30 4725 3938
11 0,55 35 30 4653 4009
5 0,60 42 30 5600 4025
7 0,57 40 32 5375 4250
00 720 12,0 20,3
0,56 39 35 o5 250 EISYAS)
11 0,55 39 33 5170 4 455

F.3 Laminated wood calculation examples

This clause provides examples of scantlings assessment based on the default mechanical properties
of Tables F.1 and F.2, and computed values from Tables F.4 and F.5. Where alternative data sources are
used, these values may be substituted in place of the default mechanical properties.

EXAMPLE1  Design of sheet plywood

Determine plywood density (600 kg/m3) and number of plies (7).
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Determine f

0,5
o0// to outer face = PPW. (68 -2N
1000

ol to outer

lexural strength for the two orientations from Tables F.2 or F.4:

ply +0,03N 1, %) = 0,605 (68 - 2 x 7 + 0,03 x 72) = 43 N/mm?

0,5

2
(11-1—6,5Np1y —0,28Np1y )= 0,605 (11 +6,5x 7 - 0,28 x 72) = 33 N/mm?2

face PP_W
1000

Determine whether the outer plywood face runs parallel or perpendicular to the short panel side (perpendicular).

Use Table A.5

t=bx

\

EXAMPLE 2

Determine ¥
grain from ]

From Table

Determine Y

and the nunpber of plies (4).

Determine t
ouf// to shox
NOTE

Use Table A

t=bx

\

EXAMPLE 3

Determine
to the grain

From Table

Determine ¥
+45° veneel|

Select a1, /o5

Calculate th

If all veneers are at +45°, ¢ // to short panel side = 0,30y of parent wood = 0,3 x 67 = 20 N/mm?2.

5 for laminated wood of plywood to determine the required thickness.
Py xk 60x0,5

_d7"2 - =19,2mm

1000x04 1.000(0,5x33)

Design of in-situ moulded veneers from Khaya (African Mahogany)

reneer density (514 kg/m3) before moulding and determine ultimate flexural stnength parallel ta
[able F.1 using the “other woods” formula or pick off the actual wood.

Ouf// to grain = 67 N/mm?2 or, from density 0,130 x 514 = 67 N/mm?Z.

vhether the outer veneer face runs perpendicular or at 45° to the short panel side (perpendict

he flexural strength using Table F.2 + 45° cold-moulded veneer,

t panel side = (0,01 Np|y + 0,17) oyf of parent wood = (0,01*4 + 0,17) x 67 = 14 N/mm2.

5 for laminated wood of plywood to determinethe required thickness.
Py xk 60x0,5

# = X— =16,5mm

1000x0 4 1000(0,5%x14)

Design of strip plank from Western red cedar

trip-plank density (368 kg/m3) before moulding and determine ultimate flexural strength par
from Table F.1 using the “ather woods” formula or pick off the actual wood.

puf // to grain = 52 N/mm2, and from density 0,137 x 368 = 50 N/mmZ2.:50 chosen

vhether the cortfiguration is strip plank only or strip plank with 1 mm FRP faces or strip plank
s (yes).

value from/Table F.2 (0,2).

e ultimate flexural strength 1,6 x (o1,/05)%5 x of of strip plank = 1,6 x 0,205 x 50 = 36 N/mm?Z.

the

lar)

hllel

vith

Use Table A.5fortamimated wood 0f ptywood t0 deteT TIE te TequiTed tUTITRESS:

Py xk
t=bx |—97"2 _gop
1000><<7d

NOTE

For strip plank only,

60x%0,5

——————=33mm
1000(0,5x36)

the ultimate flexural strength 1,6 x (op/0g)05 x

plank = 1,6 x 0,070,5 x 50 = 21 N/mm?2 and the required thickness would be 43 mm.

88
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Annex G
(normative)

Geometric properties of stiffeners

General
=enera:

The

using the following tables. Intermediate values may be derived by interpolation. Due|to thg

attg

anallysis according to Clause H.4 is recommended.

G.2

G.2

q

The
plat
the
wei

Thd
axiyg

If the stiffener spacing is less than the width of associated plating be + bp of column 6, the

pro

To
sha

G.2,

uSq
h=

Tabtes G.1 to G.3 give the geometric properties of three different typical types of top-hat
HS at" “

required geometric properties of stiffeners, as required by Table A.5 or A.8 may-be ¢

ched plating width, the values are given with a range. To obtain more precise yalues, th

Glass-reinforced plastic

.1 General

, “square” and “tall”.

stiffener laminate is mat with = 0,30. The plating‘is-also supposed to be all mat with 3
ing breath b which depends (see Table A.11 and Eigure A.13) of the material and the asp
panel /s, plus the top-hat bottom width by. Theformer is covered by a laminate having
pht in kilograms per square metre, as given ifi*column 6.

section modulus SM, (cm3), the shear web area, Ay (cm2), and the second moment arou
INa, (cm#), are given in columns 8, 9 and 10 respectively.

perties would need to be assessed using Annex H.

alculate top hats where the)top flange includes Glass UD, or where different materials ar
1 apply Annex H. Tables\H.6 to H.8 give an example of calculation of such a stiffener.

2 "Squat” foriner top hats

hat” top hats’have a top width (flange) 0,85 times the base width b = 0,85 bp and a hei
0,7 by. The stiffener thickness t /2 = 2,34 x we (1 = 0,30, see Table C.7). See Figure G.1.

etermined
variety of
e use of an

laminates:

n attached
ect ratio of
a dry glass

nd neutral

geometric

e used, one

bht around
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bc
tw/2
oo ) T
b,
be—+bp
Figure G.1 — Sketch of a “squat” top hat
Table G.1 — "Squat" top hats properties
1 |2 | 3 4 5 6 7 8y | 9 | ud
Dimensjions of former Plating Attached plating Stiffener Geometric propertiey
h by, b tp be be + by Laminate(]) " SMmnin Aw INJ
mm mm mm mm mm kg/m2 cm3 cm?2 cmft
4 50 86 05600 1,5 0,7
25 36 30 6 50 86 0,600 1,8 0,7 5
8 50 86 0,600 2,1 0,7
4 80 140 0,600 3,8 1,1 14
40 60 50 6 80 140 0,600 4,4 1,1 18
8 80 140 0,600 4,8 1,1 20
4 100 175 0,900 8,2 2,1 43
50 75 65 6 100 175 0,900 9,4 2,1 49
8 100 175 0,900 10,3 2,1 54
4 120 210 1,200 14,0 34 88
60 90 75 6 120 210 1,200 16,1 34 101
8 120 210 1,200 17,8 34 112
6 150 250 1,200 23,2 4,2 18
75 100 85 8 150 250 1,200 25,4 4,2 198
10 150 250 1,200 27,3 4,2 218
8 200 375 1,800 88,3 10,2 1096
120 175 150 10 200 375 1,800 95,1 10,2 1141
12 200 375 1,800 100,9 10,2 1233
The doubling of be in column 5 increases SM by less than12 %, average +8 %.

NOTE This table is only fully valid if be (column 5) is smaller than stiffener spacing s.

G.2.3 "Square” former top hats

"Square" top hats have a top width (flange) 0,85 times the base width b. = 0,85 by and a height h = by,
The stiffener thickness ty/2 = 2,34 x wg (i = 0,3 see Table C.7). See Figure G.2.
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bc
( ) tw/2
1 41
by
bc + by,
Figure G.2 — Sketch of a "square" top hat
Table G.2 — "Square” top hats properties
1 | 2z | 3 4 5 6 7 8 | 9 || 10
Dimensions of former Plating Attached plating Stiffener Geometric prgperties
h by bc tp be be + by Laminate | SMpin Aw INa
nm mm mm mm mm kg/m?2 cm3 cm?2 cm#

4 50 75 0,600 1,2 0,7 3
D5 25 20 6 50 75 0,600 1,5 0,7

8 50 75 0,600 1,7 0,7 5

4 80 120 0,600 31 1,1 13
10 40 35 6 80 120 0,600 3,5 1,1 15

8 80 120 0,600 3,9 1,1 16

4 100 150 0,900 6,5 2,1 34
60 50 45 6 100 150 0,900 7,5 2,1 39

8 100 150 0,900 8,3 2,1 43

4 120 180 1,200 11,0 3,4 69
60 60 50 6 120 180 1,200 12,7 3,4 80

8 120 180 1,200 14,0 3,4 88

6 150 225 1,200 19,8 4,2 154
75 75 65 8 150 225 1,200 21,7 4,2 169

10 150 225 1,200 23,3 4,2 182

8 200 300 1,800 50,7 8,5 528
100 100 85 10 200 300 1,800 54,6 8,5 570

12 200 300 1,800 58,1 8,5 606

The doubling of be in column 5 increases SM by less than 14 % average 9 %.

NOTE This table is only fully valid if be (column 5) is smaller than stiffener spacings.

G.2.4 "Tall” former top hats

"Tall" top hats have a top width (flange) equal to the base width b. = by and a height h comprised
between 2 and 3 times b.. The stiffener thickness ty,/2 = 2,34 x w¢ (1 = 0,3 see Table C.7). See Figure G.3.

© IS0 2019 - All rights reserved 91


https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

bc
tw/2
=
— __
b,
be + by,
Figure G.3 — Sketch of a "tall” top hat
Table G.3 — "Tall" top hats properties
1 [ 2 | 3 4 5 6 7 8/ | 9 | 1d
Attached
Dimensjions of former Plating plating Stiffener Geometric properties
h by b tp be be + by Laminate | SMpin Aw INA
mm mm mm mm mm kg/m?2 cm3 cm? cmft
4 50 100 1,800 22,0 8,5 23
100 50 50 6 50 100 1,800 26,0 8,5 271
8 50 100 1,800 29,4 8,5 306
4 80 130 2,100 359 12,3 466
125 50 50 6 80 130 2,100 42,0 12,3 54%
8 80 130 2,100 47,2 12,3 61
4 100 150 2,700 57,0 19,0 890
150 50 50 6 100 150 2,700 66,1 19,0 1033
8 100 150 2,700 74,0 19,0 1187
4 120 195 3,000 74,8 21,2 1175
150 75 75 6 120 195 3,000 87,2 21,2 1370
8 120 195 3,000 98,0 21,2 1538
6 150 225 3,000 1079 24,7 1944
175 75 65 8 150 225 3,000 120,7 24,7 2197
10 150 225 3,000 1319 24,7 2402
8 200 300 3,600 204,0 33,8 4232
200 100 100 10 200 300 3,600 2229 33.8 4 646
12 200 300 3,600 239,7 33,8 4997
The doubling of be in column 5 increases SM by less than 20 % average 16 %.

NOTE

G.3 Metal hull stiffeners

This table is only fully valid if be (column 5) is smaller than stiffener spacing s.

In commercially available extruded stiffeners, the height hq is usually measured from the top of plating
to the top of the stiffener flange (see Figure G.4 and Table G.4). In fabricated stiffeners, the height
hy is usually measured from the top of plating to the bottom of the stiffener flange, as these are the
dimension of the commercially available plates (see Figure G.5 and Table G.5). Tables G.4 and G.5 are
only fully valid if be is smaller than stiffener spacing.

92

© ISO 2019 - All rights reserved



https://standardsiso.com/api/?name=503d7d5a1f12a6b788ff0746b9409443

ISO 12215-5:2019(E)

b cl b K
y R
SN £¥ R SN
o be A be A be

Figure G.4 — Sketch of commercially available extruded L or T and flat bar stiffeners

able G.4 — Minimum section modulus of extruded L or T and angle and T1Ia r
Commercially ava_ilable extruded Lor T Flat bars
(See Figure G.4)
Section Plating A;f:tcil:legd Section | Plating A;f:tcil::;d
h1x b x ty tp be SM hixt tp be SM
mm mm mm cm3 min mm mm cm3
4 100 4,0 4 100 1,3
30x30x4 6 100 4,3 30 x 4 6 100 1,4
8 100 4,6 8 100 1,6
4 150 8,8 4 150 2,2
40x40x5 6 150 93 40 x 4 6 150 2,4
8 150 9,8 8 150 2,6
4 200 14,1 4 200 4,2
50 x50 x5 6 200 14,9 50 x5 6 200 4,5
8 200 15,5 8 200 4,8
4 200 23,6 4 200 59
60 x 60 x 6 6 200 24,8 60 x5 6 200 6,3
8 200 25,8 8 200 6,7
4 300 33,2 4 300 7,2
70 x 70 x 6 6 300 34,7 60 x 6 6 300 7,7
8 300 359 8 300 8,1
4 300 43,6 4 300 11,1
80 x80x6 6 300 15,4 70 x 7 6 300 11,7
8 300 46,9 8 300 12,3
4 300 69,2 4 300 14,2
90 x90x 8 6 300 72,6 80 x7 6 300 15,0
8 300 75,1 8 300 15,7
4 300 69,2 4 300 19,9
100 x 75 x 8 6 300 72,6 90 x 8 6 300 21,1
8 300 75,1 8 300 22,1
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Table G.4 (continued)
Commercially available extruded L or T
. Flat bars
(See Figure G.4)
Section Plating Attac_hed Section | Plating Attac_hed
plating plating
mm mm mm cm3 mm mm mm cm3
4 300 92,8 4 300 26,9
125 x 75 x 8 6 300 97.5 100 x9 6 300 28,6
8 300 100,8 8 300 299
4 300 143,1 4 300 444
150 x 100 x 8 6 300 150,5 125 x 10 6 300 4717
8 300 155,7 8 300 497
b S b g-t
S < e
- e P be

Figure G.5 — Sketch of a fabricated L or T shaped stiffeners

Table G.5 — Minimum section modulus of fabricated L or T

Fabricated L or T (See Figure G.5)
Section Plating A;f:tcil:legd SM
hy x tyw+ b x tf tp be
mm mm mm cm3
4 300 54,3
100x 6 +50% 8 6 300 56,7
8 300 28,5
4 300 145,1
150'x 6 + 100 x 8 6 300 151,7
8 300 156,2
4 400 260,0
200 x 8 +100 x 10 6 400 273,0
8 400 2817
4 450 411,6
250 x 10 + 100 x 12 6 450 434,6
8 450 450,2
4 500 496,8
250 x 12 + 100 x 15 6 500 525,6
8 500 545,5
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G.4 Wood stiffeners

G.4

.1 General

As the elastic modulus of the plating is usually different from the one of the stiffeners, the calculations
are usually made considering the base elastic modulus E as the one of the stiffener. In that analysis the
thickness of the plating is multiplied by kEy-9¢, the ratio between in plane elastic modulus of attached
plating parallel to stiffener axis/in plane elastic modulus of the stiffener (see grey cells in Table G.6).

Therefore, wood stiffeners shall be analysed according with one of the following methods:

a)
b)

)

G.4

the general method explained in G.4.3 and Table G.7;
the application of Annex H for the cases not considered in Table G.6;

the use of Table G.6. This method is simpler, and gives quick results for SM. The applicat
is however required if the verification of shear stress is needed.

.2 Wood stiffeners pre-calculated tables

Tabje G.6 is calculated applying the general method explained in G.4.3.and considers 4 cases

to 4

kEo

0

typical values of kEg-9q: these values are:

-90

on of G.4.3

connected

Floating stiffener (Top left of Table G.6) Case where the stiffener sits on top of anothler stiffener

such that this stiffener is not directly attached to the plating. The plating is theref]
fective. The geometric properties are those.of the frame alone. The plating is atta
stiffener but the grain of the plating is perpendicular to that of the stiffener, as is

case for a fore and aft strip planked craft with transverse frames, a value of kEy-9g ¢
may be used conservatively.

Stiffener on +45° Veneers (Top right of Table G.6) This corresponds to the case of
+45° from the grain of the stiffener.

0,5:[ Solid stiffener on plywood plating (Bottom left of Table G.6).

Stiffener and plating grain aligned (Bottom right of Table G.6). This case corr
mainly transvetsal plating on transversal frames, or mainly longitudinal plating on

pre non-ef-
Ched to the
1sually the
pquals zero

veneers at

bsponds to
stringers.

G.4.3. See

Tabje G.6 shall be-uSed in conjunction with the requirements and explanations given in
Figyire G.6.
tw
al ~
L)
be + tw

Figure G.6 — Sketch of solid wood stiffener
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Table G.6 — Properties of wood stiffeners

Floating stiffener

Stiffener on £4.5° veneers

Width of attached plating
be (mm)
kEo-90 No kEo-90 75 | 100 | 150
attached
=0,00 plating =0,25 Thickness of attached plating
tp (mm)
10 15 | 20
Section ST Section ST
25425 2,6 25 x 25 4,6 6,9 9,4
30430 4,5 30 x 30 6,5 9,8 13)6
40 440 10,7 40 x 40 12 20 34
50450 21 50 x 50 21 30 44
60 4 60 36 60 x 60 35 43 64
75450 47 75 x50 47 58 84
100 ¥ 50 83 100 x 50 83 96 13p
125 ¥ 50 130 125 x 50 129 145 18p
150 ¥ 50 187 150 x50 186 204 25y
For kg-90 ={0,25. SM is is increased by 20 %for t;, = 10 & 20 mm and by40 % for &, = 15 if be is doubled (15D
to 300 mm
Solid stiffener on plywood plating Stiffener 3111i(;£giting grain
Width of attached plating Width of attached platinig
be (mm) be (mm)
kEor-90 75 100 |~ 150 kEo-90 75 | 100 | 15
=0450 Thickness of attached plating =10 Thickness of attached platiing
tp (mm] tp (mm)
10 5 | 20 10 | 15 | 2d
Szcxﬂit:/)vn SM)mina cm3 SZiti:)vn SM mina cm3
2525 6,0 8,2 11 25 x 25 6,8 9,3 13
30430 9,1 12 16 30 x 30 10 14 18
40 440 18 27 40 40 x 40 21 31 44
50450 31 45 63 50 x 50 37 52 71
60 4 60 50 69 93 60 x 60 58 80 106
75 4 50 65 86 111 75 x 50 75 99 12
100 %56 +16 +40 +73 10056 126 +66 196
125 x 50 168 207 250 125 x 50 191 237 283
150 x 50 238 288 342 150 x 50 269 329 386

For kg—90 = 0,5 and 1, SM is increased by about 10 % if be is doubled (150 to 300 mm).

a SM min= min (SM stiffener; SM plating) see item 4 of Table G.7.

G.4.3 Method to assess wood stiffeners

Assessment of flat bar stiffeners attached to plating may be carried out using the following formulae
and procedures. A worked example is included to demonstrate the method. Fabricated tee-section
stiffeners produced for example by gluing flange pieces either side of a plywood web or any other

section may be analysed using the methods of Annex H.
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Table G.7 — Method

1-Preliminary calculations

Formula for the second moment of areas about the neutral axis NA

2 2 axt_ gl
I A ‘p +A h 2+APXCIZD+ASXh A 2 ith SXE_ 7 dA=A4Ap+A
= — — —-Axy with y =———— an =4p S
NA P 2 S 2 12 12 NA NA 4
This may be simplified to
Ay XA T 2 C
c=2 p(h2+1,5><h><t +t2)+— (4pxt,) +(a xh)? | (cm6) and Iy =———— (cm4),
3 Po"P] VPP § A, +A
p S
where
A= h %ty area of the stiffener shear web, (cm2);

Ap = kEg-90 x tp x be effective area of attached plating, (cm?);
ratio ( E in plane of attached plating parallel to stiffener axis )/(E in plane ¢f the

fEo-90 stiffener);

b effective breadth of attached plating (cm) (See Table A.11);
o plating thickness, (cm);

t flat bar thickness, (cm);

h flat bar depth, (cm).

NOFE Section moduli and second moment of area for a stifféner and attached plating are transformled into a
horhogeneous combination having the elastic modulus of the stiffener.

2-Required section moduli

To find the section modulus of the stiffener (at its top) the second moment of area Iya is divided by yfhax-

h Apxt

Axh—AS—+ b
Forf the stiff - h - 22 d sM _Ina ¢ 3
o1 the stltener ypmay =n—YNA = A an Stiffener‘y = : adn (cm3)
X
max AP(M_I’}_S—
2 p
with A = A+ Ap and
h A, xt
Axty -Ag—+—LF c
. 2 2
Forjthe plating yp,,xGt) +yNa = p and SMp|ating = ; A xt (cmP)
AS —+tp |+ p
2 2
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Table G.7 (continued)

3-Shear stress at stiffener/plating interface

h tp
Ap X AS X[ —+—
Fq XAy 2 2
7= shear stress where 4), =4, x (tp +YNA ) = first moment of areas, and
Iya = A second moment about NA. If dimensions are in (cm), areas in (cm2) and stresses in (N/mm?2) the
st p

shear stres

0,005xFg x Ap xAg x(h+t) ]

5 at the interfaceis 7=
Cx tw

4-Analysis of a wooden stiffener

Table G.6 p
Wood stiffd

4.1 General
kEo-90 = 0,25 for +45° veneers, and kEg-9o = 0,05 = 0 for transverse frames on longitudinally laid strip plan}s.
¢ 2
When kEg-po = 0 as is the case for ‘floating’ frames, then SM;,, = W (cm3)

ovides calculations for minimum section modulus and second momentof area for selected stiffen
ner and plating combinations shall be examined for compliance atthe following locations:

ET'S.

The direq

O

checked against o4 which is o4 = 0,45 x oyf x kam for lami@wated and plywood on edge frames,

4.2 Stress at the extreme top of the flat bar‘stiffener

t stress at the extreme top of the stiffener shall be assessed’as specified in Table 17, i.e. it has to 1

i = 0,4 x oy x kam for solid wooden frames, with kap=0,95 as it is the "enhanced" method.
O stiffener — SM (N/mm )
stiffener

Gplating

4.3 Tensile stress at the extreme underside of the attached plating

M
—4 kE 0-90 (N/mm?Z) where My is the design bending moment, (Nm), defined in Table A.8

SM plating

T stiffener

74 = 0,45

F
o< (N/mm?2) According/with Table 17, the shear stress assessment shall be based respectively o

4.4 Shear stress in the stiffener

=]

N
x Ty x kam for laniinated wooden frames, or 74 = 0,4 x 7y x kaMm for frames made out of solid wood

4.5 Shear stress at the interface between a plating panel and its stiffener
See H.4.
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Table G.8 — Worked example

Dimensions are in (cm), areas in (cm2) and stresses in (N/mm?2).

Sitka spruce 50 x 50 stringers at s = 280 mm centres with plating of a total of 15 mm made with Khaya +45°
veneers. Stiffener span = /= 800 mm.

b 1
Effective extent of attached plating (See Table A.11) —c. =0,32

S 2
s
1+2,478x7x(7]

N/
and be = 0,32 x 280 = 90 mm, the stiffener width must be added to this value, hence be + b = 90 + 50\ 140 mm.

Stiffener

From Table F.1 Sitka spruce (p = 384). Ultimate flexural stress oyf = 53 N/mm?2

Degign flexural stress: oqf = 0,4 x 53 x 0,95 = 20,1 N/mm2 with kam = 0,95 (Enhanced method)
Ultjmate shear stress Ty = 6,9 N/mm?2, Design shear stress tq = 0,4 x 6,9 x 0,95=2,6 N/mm?2
19,5 x384=7488N/mm2 Ag=5x5=25cm?2.

3y
I

Plating

Th¢ african Mahogany (Khaya) plating is at #45° to short panel side~Ftom Tables F.1 and F.2
Ultimate flexural stress oy = 0,3 x 0,130 x 514 = 20 N/mm?

Same as oyf = 0,3 of parent wood strength = 0,30 x67 = 20 N/mm?2,

Dedign stress o4 = 0,5 x 20,7 x 0,95 = 9,5 N/mm?2 accordingtb Table 17 (kam = 0,95)

E=]0,2 x17,5x 513 =1800 N/mm? (0,2 of parent wood, from Table F.1).

Dimensions in cm, cm?2 or cm3.

kE(d-90 = E plating/E stiffener = 1 800/7 488 %0,24. Close to the ,25 of Table G.6.

Ap F kEo-90 % tp xbe = 0,24 x 14 x 1,5 =5,05.¢m2. As=h x t,y =5 x 5 = 25 cm2

cd0,3334. x4, (h? +1,5%h 2)10,08333(4 2 (A xh)?

=0,333 4, x p( +1,5% ><tp+tp)+ , ( pxtp) +(Agxh)™ |.

C=[0,333 x 25 x 5,05 (52 + 1,5+65)x 1,5 + 1,52) + 0,083 3 [(5,04 x 1,5)2+ (25 x 5)2] = 2 926 (cmS)

= = 2926 (25 + 5,05) = 97,4 (cm#)
Ap +Ag

I c
SM =N~ =2x926/[5,03 x(5 +0,75) + 25 x 5/2] = 32,0 (cm3)

stiffener
Yy t A.Xh
max A ( h Zp j s

2

SM =2x926/[25 x (5/2 +1,5) +5,03 x 1,5/2] = 28,2 cm3

plating —

A, Xt

D

2

)

A, (§+tp j+

Bending moment and shear force on the stiffener
If the design pressure is P = 28 kN/m2 and kcs = 1 (no curvature)

Fy=kgpxPxl, x10%=0,5 x 28 x 280 x 800 x 10-3=3 136 N (See Table A.8)
ksr = 0,5 according to Table A.8 for Fully fixed ends

M 4=0,0833xkcg x PxsxI2x107° = (83,33 x 28 x 280 x 8002) x 10-6 = 416 Nm (See Table A.8)
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Table G.8 (continued)

Required section moduli and compliance factor CF = 64 /Gactual
For the stiffener (flexural strength criterion)

O, stiffener =L =416/32=13,1N/mm2 CF stiff = 20,1/13 = 1,55; complies.
SMstiffener
For the plating (flexural strength criterion)
04 plating =%kE 0-90 = 416/28,2 x0,24 = 3,57 N/mm? CF plating = 9,5/3,57 = 2,67; complies.
Stiffener area check for shear
Tstiffener = fd / As =3 136 / (50 x 50) = 1,25 N/mm?2 CF shear stiffener = 2,6/1,25 = 2,09; complies.
The designishear stress for plating at +45° is about the same as the one for parent wood (and not 30,% as for sfiff-
ener), and the design shear stress (see excel file et the end of Table G.9) is 4,8 N/mm? and the g¢ompliance fag¢tor
is 3,8 >> 2,1 for the stiffener. The shear on stiffener/plating interface is the limiting one.
Use of Table G.6
For kEg-9¢ F 0,25, (different from 0,24) with 50 x 50 frame Table G.6 for tp = 15 mm-gives SM min = 30 cm3|for
be = 100 min, (mm here) which is a little greater than the SM min for plating at 28,2\ fthis example.
Table G.9 — Continued — Excel file
Stiffener
E Ouf Tuf b h I Ag kam of| Td
0,4 0,4
ouf * kam | Tu x Kam
N/mm?2 N/mm2 | N/mm?2 cm cm cm cm? 1 N/mm2 | N/min?
7 448 53 6,9 5,00 5,00 0?3‘0 25,00 | 0,95 20,1 2,6
Plating
E Ouf Tuf keo-90 tp s be+b Ap kam od T4
0,32s+b 0,5 0.3
ouf * kam | Tu x Kam
N/mm?2 N/mm2 | N/mm?2 i cm cm cm cm? 1 N/mm?2 | N/min2
1799 20,7 10,0 (D) 7(')’,24 1,50 28 14,0 5,05 0,95 9,8 4,8
-------------------- General calculation results --------------=--uouuuo-
c Ina SMptat. | SM stiff P ksr Fd ksMm Md
1 cm4 cm3 cm3 | kKN/m?2 1 N 1 Nm
2926 97,4\€>‘ 28,2 32,0 28,0 0,5 3136 | 0,083 | 416
------ Calcuflationresults for plating ---- Calculation results for stiffeners
04 plating CFo Ta CFt O3 CFo Ta CFt
kg*Mq/SMp | od/oa | Fa/1004s | td/ta | Ma/SMs | 0d/oa | Fa/As Td/Ta
N/mm?2 1 N/mm?2 1 N/mm?2 1 N/mm?2 1
3,57 2,66 1,25 3,79 13,1 1,54 1,25 2,09
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