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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 criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
h) patent(s). ISO takes no position concerning the evidence, validity or,applicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held tésponsible for identifyin

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all

such patent rights.

Anyf trade name used in this document is information given for the convenience of users and does not
conktitute an endorsement.

For|an explanation of the voluntary nature of standards, the meaning of ISO specific [terms and
expressions related to conformity assessmentas well as information about ISO's adherence to
the| World Trade Organization (WTO) principles in the Technical Barriers to Trade [TBT), see
www.iso.org/iso/foreword.html.

Thif document was prepared by Technical Committee ISO/TC 8, Ships and marine {technology,
Sublcommittee SC 12, Ships and marine-technology — Large yachts.

Thi
rev

The

5 second edition cancels and rfeplaces the first edition (1ISO 11336-1:2012), which has been
sed.

main changes are asfeollows:

the design pressure model has been parameterized and adapted to cover larger yachts;
more adwvanced scantling calculation methods have been added;

a new approach on robustness of superstructure and hull glazing has been added;

the Scope has beenexpanded to include length, number of passengers and glazing mate

technically

ials;

Annex f has been replaced with information on the main changes since the rrst edition

Annexes [ and | have been added.

Alist of all parts in the ISO 11336 series can be found on the ISO website.

)

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Large yachts — Strength, weathertightness and
watertightness of glazed openings —

Part 1:
Design criteria, materials, framing and testing of
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administration) for fire integrity and damage stability are)outside the scope of this standard.
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Yaclt Code and the REG)Yacht Codel16l.

The
con

abo
Watl‘értightness, i.e. those that can lead to ingress of water in the hull in case of rupture, dis

(lependent glazed openings

Scope

5 document specifies technical requirements for independent glazed openings on la
ng into account navigation conditions, the location of the opening and.the materials, f1
ing.

commercial operations.

5 document is suitable for the design of glazed openings on all large yachts. Howel
nts carry more than 12 passengers, the additional requirements (set by the appropri

opening and the associated closing appliances ¢onsidered in this document are only tha
e the deepest waterline (dsw) and are criticakfor the ship integrity related to weathertig

of the pane or its mounting. This document is related and limited to independent glazed

ch the pane is supported solely by simple linear support at the edges. Glazing in which t
he edges is constrained more than.itwould be by a single bond line is not covered by this
5 document, excluding annexes, s limited to glazing of any shape, which is simply suppq
dges. Horizontally positioned glazing is excluded.

E This document is hased on the experience of ship window and glass manufacturers, §
authorities who apply to ships the regulations of SOLAS, as amended[Z], and of the Internationall
pad Lines, as amended!e], noting the provisions by the SOLAS Protocol of 1988, Article 8, as ag
fopriate Marine Aduninistration, and on the experience gained with application of the Large

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3

ge yachts,
aming and

e yachts are yachts with length of the hull, Ly;, higher or equalto:24 m, used for sport ¢r pleasure

ver, where
hte marine

se that are
htness and
location or
penings in
he rotation
document.
rted along

hipbuilders
Convention
reed by the
Commercial

pir content
pplies. For

un
ISO
ISO
ISO

ated Teferences, the fatest edition of the Teferenced docurment {inciuditg any amend e
178, Plastics — Determination of flexural properties
1751, Ships and marine technology — Ships’ side scuttles

3903, Ships and marine technology — Ships' ordinary rectangular windows

s) applies.

ISO 5797, Ships and marine technology — Windows and side scuttles for fire-resistant constructions

ISO

6345, Shipbuilding and marine structures — Windows and side scuttles — Vocabulary

ISO 12543-1, Glass in building — Laminated glass and laminated safety glass — Part 1: Vocabulary and
description of component parts
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ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 21005, Ships and marine technology — Thermally toughened safety glass panes for windows and side

scuttles

ISO 6721-10, Plastics — Determination of dynamic mechanical properties — Part 10: Complex shear
viscosity using a parallel-plate oscillatory rheometer

EN 1288-3, Glass in building — Determination of the bending strength of glass — Part 3: Test with specimen
supported at two points (four point bending)

no 1.

EN 1990:2

EN 12150
Definition ¢

EN 12337-
and descrip

EN 13195-
application

EN 16612,
[SO 29584,

ISO 11336-
Glazed ope
structural $

3 Terms and definitions

For the pui
ISO and IE
ISO On

IEC El¢

31

glazed op:«
openingin
or translug

3.2
independé

= D 4 £t £ L 4
U0, LUrocout DUSTS U Structturar acs1ygit

1:2000, Glass in building — Thermally toughened soda lime silicate safety glass . Pal
nd description

|, Glass in building — Chemically toughened soda lime silicate safety glass — Part 1: Defini
tion

|, Aluminium and aluminium alloys. Specifications for wrought and cast products for ma
s (shipbuilding, marine and offshore)

:lass in building. Determination of the lateral load resistance of glass panes by calculation
Glass in building — Pendulum impact testing and classification of safety glass

2, Large yachts — Strength, weathertightness and watertightness of glazed openings — Pa
ning integrated into adjacent structure (elastically bonded to bulkhead or shell) design critd
upport, installation and testing

poses of this document, the terms and definitions given in ISO 6345 and the following ap
[ maintain terminology databasésfor use in standardization at the following addresses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

bning
the hull, supenstructure (3.26) or deckhouse of a ship structure to be fitted with a transpa
ent material

ntglazed opening

glazed ope

ning (3.1) where the mechanical behaviour of the pane (3.5) can be considered indepenc

fion

I'ine

't 2:
ria,

ply.

fent

lent

from adjacent structure because the pane is mounted in such a way that itis isolated from deformat

ons

of the supporting structure, and the only loads on the pane are lateral pressure and effect of gravity
and inertia

3.3

not independent glazed opening
glazed opening (3.1) where the mechanical behaviour of the pane (3.5) cannot be considered independent
from adjacent structure, e.g. pane bonded directly into a seat in such a way that it is carrying in-plane
loads or is subjected to out-of-plane deformations of the supporting structure

© IS0 2023 - All rights reserved
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3.4

appliance

device made of a pane (3.5) and a fixing system, used to cover an opening in the hull, superstructure
(3.26) or deckhouse

3.5
pane
sheet of material fixed within or to a supporting structure

3.6
glazing
tramsparent or translucent pane (3.5)

3.7
unqupported dimensions
cledr dimensions between the supports bearing the pane (3.5)

Note 1 to entry: See Annex A.

3.8
deadlight
secpndary watertight closure fitted to a glazed opening (3.1) and-which is fitted on the inside of the
vessgel

3.9
storm shutter
porfable protective closure fitted to a glazed opening (3.1) and which is fitted on the outside
(welatherside) of the vessel

31
flag administration
government of the state whose flag the yachbflies

3.1

certifying authority
flag administration (3.10) or organization to whom the flag administration delegates| certifying
authority

3.1
seryice
desfription of the service limitations for which a yacht is assessed to be suitable

3.1

commercial-opéeration
opefration. fer' commercial use, involving yachts carrying no cargo and generally not more than
12 passefigers or not needing to comply with passenger ship requirements

31
pleasure operation
operation involving private yachts not engaged in trade

3.15
operational range
range for which a yacht is assessed to be suitable

Note 1 to entry: For unrestricted range yachts, the operational range is the extended distance from safe haven
where conditions experienced can exceed wind force 8 (Beaufort scale), excluding extreme conditions.

Note 2 to entry: For intermediate range yachts, the operational range is a distance of not more than 200 nautical
miles from a safe haven.

©1S0 2023 - All rights reserved 3
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Note 3 to entry: For a short range yacht, the operational range is a distance of not more than 60 nautical miles

from a safe haven.

3.16
freeboard deck

uppermost complete deck exposed to weather and sea, which has permanent means of closing all

openings in the weather part thereof, and below which all openings in the sides of the ship are fitted
with permanent means of watertight closing

Note 1 to entry: At the decision of the owner and subject to the approval of the administration, a lower deck can
be designated as a freeboard deck, provided it is a complete and permanent deck continuous in a fore and aft

direction atfteastbetwee the TTacieTry Space and peak butkeads ard Comtimuous atiwart-Siips:

3.17
standard superstructure height

hstd
height pargmeter expressed in meters (m) which is used for the calculation of the designload

Note 1 to enftry: For vessels up to 75 m load line length, the height is taken as 1,8 m.
Note 2 to enftry: For vessels over 125 m load line length, the height is taken as 2,3 m.
Note 3 to enftry: For vessels of intermediate lengths, the height is obtained by lin€ar interpolation.

3.18
load line length
L

96 % of thg total length on a waterline at 85 % of the least moulded depth measured from the top of/the
keel, or as the length from the fore side of the stem to theaxis of the rudder stock on that waterline, if

thatis gredter

Note 1 to erjtry: For ships without a rudder stock, the length, L, is taken as 96 % of the waterline at 85 % of the

least mouldgd depth.

3.19
limits in glazed openings

maximum pize of glazed openings (3.1) below a line 0,05 times ship length, measured from dsw (deepest
seagoing waterline) or less than L/4aft of a line drawn at the intersection of the 0,05 L and the sfem,

and below p line drawn at 0,05 L +hgy,, not exceeding 0,85 m?

Note 1 to enftry: See Figure 1.

— T I I T
TIT— !
w
\ &
I | | — gl
| | N | —

R R R I KRR X R IIK KIS K KXFAKTR X REK R KFTK KRR KRR K XXX
RQIXSRLIILAIIAARLAKIKAAIEIRIRRLIIEILIAIIIRLIIAKKKNIKRKKKS
QLLIEIIALELIIIEILLRIEILLHLIIIIRLAEIALALKKRIIAKIERS

OO oAt e e e ot e e e o e e e e St et o de et to o tetototetetatal
ORISR IRIRISLRRNILRBIKKIIIBIXKS
30RO RIIIER RIS
& LXK

0,05L

Figure 1 — Area in which glazed openings are limited to 0,85 m?
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3.20

large yacht

yachts in use for sport or pleasure (3.14) and commercial operations (3.13), with a length of the hull, Ly
higher or equal to 24 m

Note 1 to entry: The length of the hull, Ly is measured according to ISO 8666.

3.21
weathertightness
capacity to prevent that, in any sea conditions, water will penetrate into the ship

weathertightness is required from the exterlor only, as opposed to watertightness (3.22), indicating the ability to

cappcity of an appliance to prevent the passage of water through the structure in any direct{on under a

parf of the yacht within the envelope of the-side shell and decks taken into account for the gssignment

suplerstructure
decked structure on the freeboard deck, extending from side to side of the yacht or with side|plating not
being inboard of the shell plating more than 4 % of the yacht breadth

[SOPRCE: ICLL 1966, Regulation 3, 10 (a), modified — “ship” replaced with “yacht”.]

3.2y
dedkhouse
strycture encl@sing a space that is normally accessible and used for accommodation or service and that
does not qualify as a superstructure (3.26) and that can be positioned on the freeboard deck,land/or the
tierf above

3.2
wheelhouse
control position occupied by the officer of the watch

3.29
glass ply
plate made of an inorganic non-crystalline solid exhibiting a glass transition behaviour

3.30

thermally toughened safety glass

glass where strength increase is obtained by a thermal treatment resulting in the introduction of
permanent compression stress on both sides of its cross section

© IS0 2023 - All rights reserved 5
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3.31

chemically toughened glass
glass where strength increase is obtained by chemical treatment resulting in the introduction of
permanent compression stress on both sides of its cross section

3.32

monolithic pane
monolithic construction
glazing (3.6) consisting of one ply of glass

3.33

laminated
multi-layer
together b

3.34

safety gla:
monolithic
chemically|

3.35
insulating
IGU
window pd
of the vess

glass
pane (3.5) made of glass plies, plastic plies or other glazing (3.6) materials, which-are
 suitable plastic adhesive films or curable resins

bS
thermally toughened glass, fully tempered, or laminated glass (3.33) builtfrom thermall
toughened panes (3.5)

glazing unit

nes (3.5) (usually glass) separated by a gas-filled space toyreduce heat transfer across a j
] envelope

Note 1 to enftry: Insulating glazing (3.6) units consist of two or more window panes.

Note 2 to en
triple glaziy
many panes

3.36
depth of c
glass case
lep

depth mea|
when a gla
of its cross

3.37

g or a triple-paned window, or quadruple glazingor a quadruple-paned window, depending on
of glass are used in its construction.

bmpression layer
lepth

sured from the surface te~the inner cross section point where compression stress is z
s ply (3.29) is toughened by the introduction of permanent compression stress on both s
section

glass surface compression

Sc
value of col
of permang

3.38

bnt compression stress on both sides of its cross section

mpression'stress taken at the surface, when a glass ply (3.29) is toughened by the introduct

fept

y or

pbart

try: A window with insulating glass is commonly known as double glazing or a double-paned windlow,

how

ero,
des

—

on

plastic ply

rigid plate, made of a polymeric material, where “rigid” means that the plastic material has a modulus
of elasticity in flexure or, if not applicable, then in tension, greater than 700 MPa

3.39
interlayer

laminating adhesive material that holds together the plies of a laminated glazing (3.6)

Note 1 to entry: It can be a thermoplastic adhesive film or a curable resin.

3.40

characteristic failure strength

Oc

ultimate flexural strength of glass pane (3.41) or plastic material (3.42)

6
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3.41

glass pane
ultimate flexural strength at rupture of glass measured, on a statistical basis, in a flexural testing
arrangement with a defined method of data reduction taking in account statistical dispersion

3.42
plastic material
ultimate flexural strength at rupture or flexural strength at yield, whichever is lower

Note 1 to entry: The choice between the value at rupture or at yield depends on the mechanical characteristics
of the plastic material; as a general indication brittle plastic material breaks before yielding without apparent

pla
3.4

1c deformation while non-brittle plastic material yields before breaking.

majn structural section
monolithic or laminated pane (3.5) construction that meets strength requirements

Note 1 to entry: to entry The strength requirements are specified in 5.2.

3.4

additional functional plies

ad
stru
the

Not
stru

3.4

ds
ass

3.4

itional glass or plastic plies or panes (3.5) not included in the frame that can be coupled {
ictural section, do not have structural functionalities and do not affect structural func
main structural section

e 1 to entry: The flexural modulus/flexural strength, E/o., is\substantially less (50 %) than that
ctural section.

D

deq'pest seagoing waterline

-

D

suplerstructure type A

sup

3.4

prstructure (3.26) not considered buoyant in the stability calculations

/

suplerstructure type B

sup

3.4
aft
pos

brstructure (3.26) cohsidered buoyant in the stability calculations

B
perpendicular
tion of thetaft end of the deepest seagoing waterline (3.45)

gned waterline for commercial yachts orthe deepest seagoing waterline for private yachts

o the main
Fionality of

of the main

4 |Syimnbols and abbreviated terms

Pp design pressure following from the location on board the ship
PpE design pressure for engineering the glass panels

Ppo base design pressure

PuLs ultimate limit state pressure - py;s = Y*PpE.

a factor relating to location and vessel length

b factor based on longitudinal location

f factor based on vessel length

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=be676adc93b8a5fa52087a4a91264ca6

1ISO 11336-1:2023(E)

c factor based on width of superstructure or deckhouse

h height of centre of pane from dsw

h, height above the waterline where design pressure equals pp
hgiq standard superstructure height

I shear collaboration factor in laminated glazing

kg service factor

Ly length of the hull

L load line length

L, length between perpendiculars on summer load waterline

x distance of centre of pane or storm shutter from aft perpendicular
to basic pane thickness

ap unsupported long side of a rectangular pane or “equivalentiong side” of a pane
bp unsupported short side of a rectangular pane or “eqivalent short side” of a pane
Bs pane aspect-ratio coefficient for stress

Pp pane aspect-ratio coefficient for deflection

O\ allowable design flexural stress of the n¥dterial

d diameter of a circular glazed opening

oc characteristic breaking strength of a material or laminate

y design factor

t, actual pane thicknéss

tmin minimum pané+thickness

tp1 tp2r -0 By Ply thicknesses of a laminated pane

teq, equivalent thickness of each ply of the laminate

teq equivalent thickness of laminated construction

tLam physical-thickness-ofataminate

Omax maximum pane deflection

M pane stiffness

Iep depth of compression layer

Sc glass surface compression

N number of test specimens

n number of independent plies

8 © IS0 2023 - All rights reserved
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breaking stress for each test specimen when tested according to EN 1288-3 for glass or
ISO 178 for brittle plastic materials; stress at yield for each test specimen when tested

according to ISO 178 for non-brittle plastic materials

average breaking stress or yield stress, whichever is applicable
standard deviation

coefficient of variation

statistic coefficient corresponding to lower half of the 90 % confidence limit

ICL
IAC
TT(
CT(
IGU
PM

PC

dsw

FRH

5

5.1

Ot
wa
this
oth

It ig

Young’s modulus
Poisson’s ratio
section modulus
. 1966 International Convention on Load Line 1966, as amended
S International Association of Class Societies
! thermally toughened safety glass
chemically toughened glass
insulating glazing units
MA Poly(methyl methacrylate)
Polycarbonate
( deepest seagoing waterline

fibre reinforced plastics

Design criteria

General

r internationalystandards, for example, those dealing with stability, buoyancy, weat
ertight integrity, can have restrictions on the position of appliances which are outside t
document,\However, it is expected that the builder or user ensures that the appliances c
br relevant international standards.

hertight or
he scope of
bmply with

ose of this

also possible that national authorities have additional requirements differing from th

doc

vent Indivzidiial oottty wagulatione AF flog A dnainictratinne £ Ao npaio 1l zachtd
HeRt—harviatarStatattoryTre gtattoRs—or— g Stat oS Tor— commercar—yaent

can apply.

For example, where yachts are complying with the published “Conditions of Assignment” of the
International Convention on Load Line, 1966, as amended[®], the maximum size of a glazed opening
below the freeboard deck or in enclosed superstructures is 0,16 m2.

5.2

Strength

The strength of glazed openings and associated appliances shall meet the requirements of this
document, ISO 3903 or ISO 1751, depending on the type of glazed opening. For the scope of this
document, strength is considered only with reference to local loads, that is, external hydrostatic loads
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coming from weather and sea conditions. Strength requirements are fulfilled according to any of the
following criteria:

— where the glazed opening type is covered by an existing relevant international standard, such as
ISO 3903 or ISO 1751, for ship’s windows and ship’s portlights respectively;

— where the pane thickness is calculated according to the method outlined in 5.6, and the glass is flat
or convex towards the load action direction, the strength requirements of the frame are according

toane

xisting relevant international standard such as ISO 3903 or ISO 1751;

— when the pane has been tested according to the hydrostatic test procedure outlined in 7.3.

External h
fulfilment
be relevan

Strength r
structural
requireme
the hydros
main strug

According

ydrostatic loads (design loads) shall be the only loads considered for strength requirenlent

hccording to this document. For a particular application, other requirements and criteria
and can apply.

can

pquirements for monolithic and laminated constructions shall be fulfilled enly for the npain

section. Additional functional plies or panes are plies that are not intended to fulfil strer
ts. Furthermore, they shall not take part in the structural validation of the appliance d
tatic test outlined in 7.3. Such plies or panes shall not adversely affect the strength off
tural section.

Lo qualification by hydrostatic test, any changes to the glazing materials or any change to|

cross-section or larger dimensions of the glazing shall require re-testing. For tolerances, see 7.3.2.

5.3 Wat

The applia
any of the f

where

where
clampd
streng

when {

Any chang
glazing sha

ertightness

hce shall be designed and mounted to prevent ifngress of water into the yacht accordin
ollowing criteria:

the appliance type is covered by an existing relevant international standard;

the pane thickness is calculated in accordance with the methods outlined in 5.6. The par
ed with a rubber gasket or bonded\ir the frame with the bonding joint in compression.
th requirements of the frame are.according to ISO 1751 or ISO 3902, depending on their t}y

ested according to the hydrastatic test procedure outlined in 7.3.

bs to the glazing materials or any change to the cross-section or larger dimensions of
Il require re-testing.\For tolerances, see 7.3.2.

54 We

The weathgrtightness‘requirements shall be fulfilled by performing a hose test in the final installaf

hertightness

on board. The hosetést consists of hosing the appliance along its perimeter (width of 100 mm) by mg
of at least [L2,0 mim nominal size hose held at a distance of not more than 1,5 m from the appliang
static watdr{pressure (with no water flow) of 200 kPa shall be used and the free height of water f

gth
rin
the

the

o to

eis
The
'pe;

the

—

on
ans
e. A
fom

the hose with stream directed upwards of shall be not less than 10 m.

The hosing shall last at least three minutes, uniformly applied around the periphery for each appliance.
No water shall be detected on the inner side of the appliance.

5.5 Design loads

5.5.1 Design pressure for glazed openings in end bulkheads of superstructures and
deckhouses on or above the freeboard deck

This design pressure shall also be applied to storm shutters and deadlights in the exposed bulkheads of
superstructures and deckhouses, on and above the freeboard deck.

10
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The design pressure formula in IACS UR S 3I8], is adapted to Formulae (3) to (5) to give design pressures
pp for glazed openings and storm shutters in the end bulkheads of superstructures, the end bulkheads

and side bulkheads of deckhouses on or above the freeboard deck.

The design pressure, pp, depends on the position on the vessel and the orientation of the opening. It is a
component of the design pressure for engineering, ppg, (see 5.6), which includes factors for robustness.
Potential consequences of failure and this pressure, ppg shall be used for design of the scantlings of the

glazing.

The following apply to Formulae (1) to (8) for the determination of the design pressure use the following

definitions:

y islthe transverse distance from centreline;
b, i$ the half beam of vessel;

¢ igthe orientation angle of the window (see Figure 3).

The determination of design pressure requires a preliminary calculation ef the base desigh pressure,

Ppol(kN/m?2) according to Formula (1):
Ppo =(1+ fppo ).max(15;12,5+%)
where

Ppo is the base design pressure expressed in (KN/m?2);

fppo s the position factor of the glazed opening (non-dimensional);

and where the factors are determined using Eqrmula (2) (see Figure 2):

frpo = fn -max(fgir; fo)

whére

diate values of fibylinear interpolation;
fp =1 wherilyy/b, = 1;
f» =0 when y/b, < 0,85; intermediate values of f, by linear interpolation;

fdip=—cos(¢) when ¢ >90°;

fn =1 when the centre of the window is up to 1,5 m above the main deck (see Figure 2);

(M

(2)

fn =0 when the centre of the window is 4,0 m or more above the main deck (see Figure P) interme-

fair =0 otherwise.

© IS0 2023 - All rights reserved

11


https://standardsiso.com/api/?name=be676adc93b8a5fa52087a4a91264ca6

1ISO 11336-1:2023(E)

Key
1
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3

NOTE
measured.

4 mab
1,5ma
main d
T

Design pre

Ifh<h
Ifhzh

Innoc

pPp =3,
hy in Form

The design

The factor

ve the main deck
bove main deck
pck

he main deck forms the top closure of the buoyant volume of the ship. It is,usually the deck to which the dep

Figure 2 — Coefficient f; definition

ssure, pp, (expressed in kN/m?2), shall be not lessithan given by Formulae (3), (4) and (5):
) then: pp =10,05-a-k,-(b- f—h)-c

) then: pp =ppo —2,27-(h—hy)

ase pp shall be less than
5 (1 + fdir )
hlae (3) and (4) is theheight above the waterline where design pressure equals pp, that

Ppo
(10,054a-k, -c)

f_

pressitires given in IACS UR S 3[8] are also included in ISO 5779 and BS MA 2521,

th is

(3)

(4)

(5)

4

(6)

Felating to location, orientation and vessel length, g, introduced in Formula (3) can be defi|11ed

in Formula<t7:

a:X1‘

where

L
100

j+X2

Xq =\/[x1'x -cos((l))]2 +|:x1y -sin((b):l2 ;X =\/|:X2,X -cos(q))]2 +|:x2y ~sin((;)):|2

12
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¢ isthe orientation angle - direction of projection of the average normal of the pane in the horizontal
plane (see Figure 3), in degrees;

= 180° for forward facing;
= 90° for side facing;
= 0° for aft facing.

X1 andx; , arereported in Table 1 while x; , and x, |, are in Table 2.

@ =0°

—

@ =90°
Key
forward

S -

orientation angle of the window

y |transverse distance from centreline

Figure 3 — Definition of the orientation angle

Table.1 — x, , and x, , coefficients

Pogition Orientation Xy X7y
Aft[facing Where ¢ <902 X1 aft Xy aft
Forward facing |otherwise X{ front X front
Pogition code  |Height Xq front X2 front
F1 Up'to 1,5 m above the deck 0,83 2,0
F2 At 4 m above the deck 0,83 1,0
F3 At 6,5 m and more above the deck 0,66 0,5
Location X1 aft Xy aft
Al Where x/L < 0,25 0,1 0,60
A2 Where x/L> =0,75 0,1 0,30
NOTE For intermediate positions between F1-F3 and F3 and A1-AZ2, values of x; ;¢ and x, ,q are determined via linear
interpolation.

Table 2 — x; , and x, , coefficients

Position code |Location Xy, Xy,

S1 y/bZ =10 X1, front X2, front

S2 y/b, < =0,8 0,1 0,30

NOTE For intermediate positions between S1 and S2, values of x; , and x, , are determined via linear interpolation.

©1S0 2023 - All rights reserved 13
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The remaining symbols for Formulae (3) to (6) are:
kg - service factor

= 1,00 for unrestricted range yacht,

= 0,85 for intermediate range yacht,

= 0,75 for short range yacht;

f - factor bpsed on vessel length, given in Table 3;

b - factor Based on longitudinal location, given in Table 4;

¢ — correctjon for position relative to ship’s side
= 0,85 where the pane is set inboard from the ship’s side by 10 % or more of the ship’s beam.
=1,0 glsewhere;

For intermediate positions, c is determined by linear interpolation.

Table 3 — Values of f

Length

L 24 30 40 50 60 70 80 90 100 120 140 {200 |3do
m

Factor |1f18 |1,72 |2,57 (3,36 |4,09 |476 .538 |[594 645 733 |[8.04 |934 [1(,0
f

NOTE Appyoximation: f= 0,428 4(L/100)3 - 3,686 5(L/100)2+ 10,951(L/100) - 1,244.

Table 4 — Values of b

x/L b x/L b
0,00 1,41 0,50 1,01
0,10 1,25 0,60 1,07
0,20 1,13 0,70 1,19
0,30 1,05 0,80 1,38
0,40 1,01 0,90 1,62
0,45 1,00 1,00 1,93
NOTE Approximation: b = 2,626* (x/L)?-2,156* (x/L) + 1,436.

5.5.2 Design pressure for glazed openings and deadlights in the side shell
Glazed openings and deadlight design pressures shall be as given in Table 5. The design of glazed

openings shall include consideration of the strength of the deadlights and their means of attachment to
the hull structure.
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5.6/ Scantling determination of panes

5.6

Sca

supported on their full perimeter, mechanically’independent from the adjacent structure.

Scaptlings of panes in not independent glazéd openings cannot be determined using Formul

(a1).
For|

Dim

The scantlings of théepanes shall be determined using the design pressure for engineering

Formula (9):

wheneé:

ISO 11336-1:2023(E)

Table 5 — Design pressures for glazed hull openings and deadlights

L Motor yachts Cruising sailing yachts
m kN/m?2 kN/m?2
hull Superstructure type B hull Superstructure type B
24 70 35 70 35
30 70 35 70 35
40 70 35 70 35
50 70 35 83 42
60 76 38 96 48
70 84 42 109 55
80 91 46 To be taken in accordance with ISO 5789,
90 98 49 with minimum pressures beingthose in this
table for a 70 m sailing yacht:
100 108 52 I di lues biNi ) ki
t t t 1 .
> 100 To be taken in accordance with ISO 5780, ftermediate vaiues pyhear iterpotaion
with minimum pressures being those in
this table for a 100 m motor yacht.
NOTE The values in this table are design pressures for glazed hullopenings and deadlights bef
tween the dsw and uppermost continuous deck, and for superstructures type B.

1 General

htling formulae given in Formulae (10) and(11) are for panes in independent glaze

mula (10) is valid for rectangular panes; for circular panes see Formula (11).

PpE = fE<PD

1 openings

he (10) and

ensions of clear opening for panes are defined in Annex A. For panes having shapes different from
a re¢ctangle or a circle, the-approximations of Annex A shall be used to determine the “
unsjupported dimensions.

bquivalent”

Ppg, using

9

pp isthe design pressure determined in 5.5;

fE is a factor for robustness:

f& = 1,5 where glazing thickness is enhanced as an equivalent for providing ‘storm shutters’

(see Clause 8).

f& = 1,0 elsewhere.

© IS0 2023 - All rights reserved
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5.6.2 Basic pane thickness, t, for rectangular or rectangular equivalent glazed openings

Basic pane thickness, t, is calculated as

to=bp- |- PoE_ (10)
1000-0,,

where

to is the basic pane thickness (mm);

bp s the clear opening short side of a rectangular pane or “equivalent short side” of a pane/(njm);
B s the pane aspect-ratio coefficient (see Figure 4 and Table 7 for panes simply supported ¢n 4
bides);
ppe s the design pressure used for engineering (kN/m?);
Oy s the allowable design flexural stress of the material (see 5.6.4) (N/mm?).
Y
0,8
0,7 S
P
0,6 //
//
0,5 4
//
0,4 Yi
0,3
/
0,2
0 1 2 3 4 5
X
Key
X aspectfatio, equal to a,/b,

Y pane aspect ratio coefficient,

Figure 4 — Pane aspect ratio coefficient — § (X = a,/b) for 4 sides simply supported panes

5.6.3 Basic pane thickness, t,, for circular or circular equivalent glazed openings

Basic pane thickness ¢ is calculated as
1,21
to=0,5-d- 222 PpE (11)
1000-0,
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where

to is the basic pane thickness (mm);

d is the clear opening diameter or the equivalent diameter of the glazed opening (mm);
ppe  is the design pressure used for engineering (kN/m?);

o, isthe allowable design flexural stress of the material (N/mm?).

See Annex C for further information.

5.6{4 Design flexural stress of material, o,

Desjign flexural stress of material, 0, is evaluated from the values of the characteristic'failure strength,
oc, pf the material and the relevant design factor, y, according to Formula (12):

(o}
op=—C (12).

The values of characteristic failure strength of the pane material are the manufacturer’s stated values.

Glags materials shall be tested in accordance with EN 1288:3. Plastic materials shall b¢ tested in
accprdance with ISO 178.

The acceptable values are given in Table 6. Values represent the lower confidence interval eyaluated by
the|t-Student distribution at 90 % probability.

Forfthe characteristic failure strength values expréssed in Table 6 which are achieved to qualify glazing
matlerials, materials with lower characteristic:failure strength are not allowed.

Table 6 — Mechanical properties of‘materials, design factor and nominal design §tress

Material Abbreviated Characteristic failure Design Reference
term strength factor standard
o N/mm? ya (1SO - EN)
Minimum b Maximum
Polymethyl methacrylate PMMA 90 3,5 1SO|178
Poljcarbonate PC
Hedt strengthened glass HSG 70 3,0 EN [1863-1
Th¢rmally toughened safety TTG 120 160 3,0¢ EN [[2150-1
glags¢
Chgmically-toughened glass
Frontseda lime silicate glass CTG 150 300 3,75 EN [[2337-1
From Lithium/Sodium CTG-LAS-SAS 150 300 3,75
Aluminium Silicate

a2  For mixed constructions the higher design factor shall be used, unless stress per ply is determined via finite element
calculations or laminate theory.

b Minimum industry standard. This is also the default value, to be used if no other data is available.

¢ Resultsin design stress 120/3 = 40 MPa consistent with traditional maritime standards.

5.6.5 Selection of monolithic pane thickness

The value of the pane thickness, t,, expressed in millimetres, to be used in case of monolithic
construction, shall be the higher of the following:

— the basic pane thickness, ¢, calculated in Formula (10) or (11) as applicable;

©1S0 2023 - All rights reserved 17
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— the minimum pane thickness, ¢

design

min’
is based on any of these standards.

With commercially available panes, the actual thickness is selected as the first upper integer.

5.6.6 Selection of laminated pane thickness

inaccordance with ISO 1751,1S0 3903 or ISO 21005, when glazing

Laminated constructions can be considered:
a) laminates with plies of the same material (type A), and
EXAMRTCET  GIass ply/interiayer/glass ply.
EXAMHLE 2 Plastic ply/interlayer/plastic ply.
NOTE In Example 2, the “plastic” layer always consists of the same material. Examples of‘type (A)|are:
Acrylic)/interlayer/acrylic or Polycarbonate/interlayer/polycarbonate. It is not type (A) if the construdtion
is: Acrylic/interlayer/polycarbonate.
b) lamindtes with plies of different materials (type B).
EXAMPLE 3] Glass ply/interlayer/plastic ply.
EXAMPLE 4  Glass ply/interlayer/plastic ply/interlayer/glass ply.
EXAMPLE 5  Acrylic ply/interlayer/polycarbonate ply.
5.6.7 Type (A) laminates — Laminates with plies of the sanie material
5.6.7.1 Ipdependent plies
When the nechanical properties of the interlayer material (the laminating adhesive material) are|not
known, the plies of the laminated glazing shall be*censidered as mechanically independent.
The equivdlent thickness of type (A) laminatés-made of n independent plies of thicknesses: ty, t,, .|, £,
shall be calculated and compared with the basic thickness, ¢, calculated according to 5.6.1.
The equivdlent thickness of n independent plies shall be calculated as follows. The thickness of ong ply
of the lamipate is indicated generi¢ally as t, where the index j is ranging from 1 to n.
For each ply of the laminate a¢gartial equivalent thickness, teqr 1S calculated as Formula (13)
13)
and the eghivalent thickness of the laminate ¢, shall be the minimum of the n t. ; values, as showp in
Formula (147

teq :minl:teqj ] ;j=1n

The laminate construction is accepted when it results ¢

>

eq 2 to-

5.6.7.2 Collaborating plies

(14).

When the mechanical properties of the interlayer are known in terms of shear modulus, G (N/mm?2), at
25 °C for 10 s duration load, the equivalent thickness shall be calculated using Formulae (15) to (21).

18
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For glass panels with other types of support, the equivalent thickness (if any) shall either be
determined by direct calculation (e.g. FEM or analytical approaches where applicable) or the plies shall
be considered as independent and calculated as per 5.6.7.1.

For interlayer materials, the shear modulus value at 25 °C for short time duration load of 10 s shall be
selected, considering the declared value by the interlayer material manufacturer. In the case this value
is not known, the plies shall be considered independent and Formulae (13) and (14) shall be used. The
shear modulus value declared by the manufacturer shall be determined in accordance with ISO 6721-10.

The preliminary calculations are:

whg

She

«

L =0,5(t] ¥, ) F1

h

s L2 b= hs'tl
s;1

t1+ty ’ t1+ty

ts;Z
2 2
Ig=tq tgp +ty-tsq

re

t; isthe ply thickness (mm);
t, isthe ply thickness (mm);

t; isthe interlayer thickness (mm).

a for 4 side sypported panels: shortest clear opening dimension of the glazing laminat
E  Young'smddulus of the ply (N/mm?2);

G shearmodulus of the interlayer at 25 °C and load duration 10 s (N/mm?).

© IS0 2023 - All rights reserved

(15)

(16)

(17)

(18)

ar transfer coefficient evaluation (for independent plies I = 0, for full collaboratipg plies as
nolithic” behaviour I = 1) can be calcutated with Formula (18)
= 2 I, t
149,6-—-—5 1
G h? o
where

e (mm);
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The equivalent thicknesses evaluation for deflection is

toqw :'g‘/(ri’ +65 +12-T-1) (19)
and for strength
3 3
teq'w teq'w
tlefg =4 |—————— i trefg =4[ —————- 20
lefio ty 2. 'ts;Z 2ef;o t, 2. 'ts;l (20)

Equivalent[thickness shall be selected as
teq =1 in(tlef;cy oo ) 21)

In case of rhultiple (more than two plies) laminates, the calculation shall be iterated.

The iteratipn shall start from the outer ply (the one directly loaded by water pressure) and end with|the
inner ply. See Annex E for examples.

The lamingte construction is accepted when it results ¢, = t.

5.6.7.3 Type (B) laminates — Laminates with plies of different mdterials

When the laminate construction is of type (B), the plies of the lanitinated glazing shall be considerefl as
mechanically independent. The equivalent thickness of n independent plies of different materials shall
be calculatled as follows. The thickness of one ply of the laminate is indicated generically as t; and its
Young's mqdulus as E;where the indexj is ranging from 1to-n.

For each ply of the laminate a partial equivalent thickness, ¢, ; is calculated using Formula (22)

22)

-values, as showh in

shall be the minimum of the n ¢, ;

and the eqpivalent thickness of thelaminate, ¢

Formula (243):

teq :rrin(t

eq’

eq,j) j= In 23)

See Annex|F for examples.

The lamingte construction is accepted when it results ¢, = ¢,

to shall be| calculated for the same material type corresponding to the material for which minimum

value of ¢, /15 Selected.

5.6.7.4 Selection of laminates thickness by flexural testing

The flexural strength of a laminate sample shall be taken as equal to the bending load at the moment of
first ply failure.

The flexural strength of a multiply laminate of physical thickness, ¢t;,,, can be determined as
characteristic flexural strength by a four-point bending strength test according to the method described
in EN 1288-3, as outlined in 7.2.1.

The measured characteristic flexural strength value is strictly to be referred to the actual cross-section
of the tested laminated pane.
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The characteristic flexural strength of the laminate divided by the design factor of glass shall be
considered as the allowable design flexural stress of the laminate.

Formulae (10) and (11) may be used to calculate the basic pane thickness, t,, resulting from design
pressure, geometry of the laminated pane and its allowable flexural strength.

The physical thickness of the laminate, ¢ ,,, shall be compared with the calculated ¢, and it is accepted
when t,,, 2t

5.6.7.5 Selection of laminates thickness by nonlinear analytic methods

As 3n alternative to the methods in 5.6.7.1 to 5.6.7.5, monolithic and laminate thickness can pe selected
on thhe basis of analytic methods for the assessment of plates under large deflection.

Theg method used shall be validated for the size and stiffness of the panel. See EN 16612 for 4n example
of vplidation.

Thelaminate can be accepted if the calculated bending stress does not exceed the characteristic failure
strgngth (o) for a pressure py;s = Y'Ppg-

5.6/7.6 Selection of laminates thickness by direct calculation (Finite Element Method)

As 3n alternative to the methods in 5.6.7.1 to 5.6.7.5, monolithic’a@nd laminate thickness can pe selected
on the basis of Finite Element Method (FEM) calculations/Annex I provides further detgils on this
subject.

Theg FE model can be either representative mid-plane for (equivalent) monolithic, mid-plang per ply, or
full|solid.

Pri

—

ncipal stress is calculated per-ply according € laminate theory.

Thdlaminate can be accepted if the principalstress does not exceed the CFS for a pressure p{|;s =Y * Ppg-
5.6/8 Insulating glazing unit panes determination

5.6/8.1 General

Instilating glazing units (IGYUs) considered in this document are standard ones according tp EN 12709.
IGUEk do not deal with any-special designs of spacer.

5.6/8.2 and 5.6.8.3previde detail on the additional considerations for application on board a|vessel:
— |persistende-of weathertight/watertight integrity;
— |resistance to motions and inertia loads.

Undet-a lateral pressure load, the deflection of the outside pane compresses the gas in the cavity, which
leadsTo a degree of foad sharing between the panes. For targe 1GUS, this oad sharing cam be significant,
and can be taken into account subject to the criteria in 5.6.8.2 and 5.6.8.3.

Where load sharing is taken into account, the IGUs shall be qualified by computation in accordance
with established methods as in EN 16612. Hydrostatic pressure test according to 7.3 performed on the
complete appliance can be used as verification of the computation method.

5.6.8.2 Stepped IGU

In stepped IGU, one of the panes is supported by the framing or bonding while the other pane is held
only by the spacer, in tension. In this case, the supported pane of the IGU shall be selected according to
5.6.2 if monolithic, or 5.6.3 if laminated using the relevant design pressure loads from 5.5.

Mounting of the supported pane shall be as per 6.1.
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The supported pane shall be of a laminated cross-section, meeting the criteria for residual strength

classification 1B1 in accordance with ISO 29584.

The effect of unsupported panes located on the pressure side of the supported pane may optionally be
taken into account for the evaluation of the structural cross-section. The effect of unsupported panes

location on the non-pressure side, where the contribution would be via tension on the spacer, shal
ignored in the evaluation of the cross-section.

5.6.8.3 Unstepped IGU

considered supported by the framing structure.
An unstepped IGU shall not be applied in a side B position unless either:

— itis m¢unted via 5 or 6 in 6.1, in which case the integrity of the unit does not depend-6n the ten
propeifties of the spacer, or

— the outer pane is ignored in the determination.

5.6.9 Stiength requirements of fire-resistant glazing

I be

be

sile

The strength requirement for fire-resistant glazing shall be fulfilled by evaluating the constructiop in

accordancg with ISO 5797.

5.6.10 Glazing effective as fall protection

Where the[lower edge of the clear opening for the glazing is‘less than 1,0 m above the walking sur
and the glazing is in a location where protection from;overboard fall is required by ICLL Regula
25l6], addifional requirements for strength and robusthess shall be fulfilled. This is done in orde
ensure thaf a level of protection equivalent to ICLI{Regulation 25 criteria is achieved at all times.

For the purpose of this document, designs comiplying with the criteria of CEN/TS 19100:2021, but {

face
Fion
r to

vith

the personfnel loads with the loads enhanced by 50 % to account for the motions of the ship, can be

considered to meet the requirements ofJCLL Regulation 25.

For IGUs, the supported pane and panes inward of the supported pane shall be considered.

the
hip
clic
lere

vibrations|THese can be of relevance on large windows on decks found well above the waterline, wi

the lower design pressure leads to a relatively thin cross-section.
The structural glazing shall meet the deflection criterion shown in Formula (24)

dp

S =P
all 50
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where

6, is the allowable pane deflection, expressed in mm;

ap isthe clear openinglong side of arectangular pane or “equivalent long side” of a pane, expressed

in mm. For the purpose of this deflection criteria, it shall not be taken more than 1,4 times of b

(shorter side) In this last case aj, shall be taken as b,1,4.

5.6.11.2 Determination of deflection

SZidaaal o AT

p

Th DS A aflaction oFf +b o ctoany thar ool losainatad oo ot Tf‘U h llb
O ITIITAATITIIUTIIT ULTICTCTIVUIT UT tIIC Struttiturar P“ll\.« CILIICT TITUTIVUIILILIC, TAIITIIIIatceu Ul 0\,\/}11;1\/\.1 T\ S a e

determined by calculation.

The deflection of a pane can be calculated according to Formula (25):

_ o FoE bp
1000 M
where
Onax 1S the maximum deflection of a pane, expressed in mm;
a is the pane aspect-ratio deflection coefficient (seeTable 7);

Ppe  is the engineering design pressure (see 5.5), expressed in kKN/m?;

pressed in mm;

M is the pane stiffness, which shall be'calculated in accordance with Annex B.

Table 7 — Coefficients a and § versus aspect ratio for four sides simply supported|panes

(25)

bp  is the unsupported short side of a rectangular pane or “equivalent short side” of|a pane, ex-

Aspgg;br:tlo o 8
1,0 0,004 06 0,287 4
1,1 0,004 85 0,332 4
1,2 0,005 64 0,376 2
1,3 0,006 38 0,416 4
L4 0,007 05 0,4530
1,5 0,007 72 0,487 2
1,6 0,008 30 0,517 2
1,7 0,008 83 0,544 8
1,9 0,009 74 0,591 0
2,0 0,010 13 0,610 2
3,0 0,012 23 0,713 4
4,0 0,012 82 0,741 0
5,0 0,012 97 0,747 6
o0 0,013 02 0,750 0
NOTE The values in Table 7 can be approximated with sufficient accuracy for 1,0 <= a,/b, < = 6 via:

— _AF. 3_ 2 —
o = ~4E-05 (a,/b,)* + 0,000 8 (a,/b,)3 - 0,005 8 (a,/b,)? + 0,018 4 (a,/b,) - 0,009 4

B =-0,002 8 (a,/by)* + 0,050 3 (ap/by)? - 0,342 (ay/by)? + 1,039 7 (ap/by) - 0,459 2
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Where 6, > 6, further calculation with more advanced methods (nonlinear analytic or FEM) can be
used to verify compliance with 5.6.7.1. See also Annex I.

6 Framing

6.1 General

Glazed openings are generally framed if the they are designed to be independent from loads of the
adjacent structure. The framing shall provide a safe and secure fixing of the glazing. The glazing shall

1 claranad vwrith alactaraar gaclrate Ay hondad And ddieianally cacnrad vaith on Alacta
either be ¢lamped—with—elastomer—gaske ts—or—bonded—and—addi tHionall y-secured—with—an—elastemer
gasket betveen the glazing and retaining frame, or bonded at both sides. Framing concept types|are
represented in Figures 5, 6 and 7. The sketches are not to scale and shall be considered as a‘con¢ept

arrangement.

Bonding sHall be in accordance with the definitions provided in ISO 11336-2.

6.2 Frarming types

3 3
\d 2 Nl %
1 AR I | 2
4 |4
%
a) Type 1 b) Type 2
Key
1 inside
2 outsidg
3 bonding
4 seal

Figure 5 — Framing types 1 and 2
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° i
X L AN
LR 2 LN 2
- AN
a) Type 3 b) Type 4
Key
1 [|inside
2 |outside
3 |bonding
4 |seal
Figure 6 — Framing types 3and 4
3 3
;/ QK
1 2 1M B 2
A~ 7z
a) Option 5 b) Option 6
Key]
inside
outside
rubber gasket
Figure 7 — Framing types 5 and 6
6.3 Framing dimensions

6.3.1 General
The dimensions indicated in Figure 8 shall be considered as minimum dimensions. Chamfered edge or

other preparations (i.e. bullnose) of the glass edge shall not be included in the width of overlap indicated
in Figure 8. The direct contact between frame and glazing shall be avoided.
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Dimensions in millimetres

Z
12
ra&au;./_\
15

35
L0

12
12

_%_

a) Gl3

6.3.2 Clg

Glazed opg
ISO 3903.
thickness

compressign). The gaskets shall be properly secured against dislocation (i.e. gluing, positive fit).

distance b

6.3.3 Clg

For glazed
characterij

thickness inside 2 mm to 4 mm (not in compréssion). The distance between the frame and glass s

not be less

Windows V
below area

)zed opening clear view <1,00 m? b) Glazed opening clear view <2;50 m?

Figure 8 — Minimum dimensions

ar view of >0,45 m?Z up to 1 m?

nings with smaller dimensions are covered by existing idternational standards, suc
Elastomer gaskets shall have the following characteristi¢s:)Shore A 50-70, width =12
butside 2 mm to 6 mm (not in compression), thickness inside 2 mm to 4 mm (no

btween the frame and glass shall not be less than 5anm.

ar view of >1 m2 up to 2,5 m?2

openings with a clear view of >1 m? up tQ 2,5 m?, elastomer gaskets shall have the follow

than 7 mm.

vhich are fitted in such a way\that the adhesive is under tension load are not permitted i
s 1, 2,and 3 (see Figure 10 and Figure 11).

Allload transmitting elements it thie load path between the glazing and the adjacent bulkhead struct
shall generfally be metal and-shall be based on the glazing design pressure and a design factor of ]
the yield sfrength of the material.

6.3.4 Clear view,>2;5 m?2

Glazed op

ingswith a clear view exceeding the 2,50 m? shall be considered on case by case basis.

as
m,
L in
The

ing

tics: Shore A 55-70, width =15 mm, thickness outside 4 mm to 6 mm (not in compression),

hall

ure
on

6.4 Supportpads

Support of the glass mass and secure positioning within the frame shall be achieved by support pads
with comparable elastic properties comparable to those of the elastomeric gasket or the bonding
material. The arrangement of support pads is shown in Figure 9. The compatibility of materials between

support pa

26

d and bonding shall be ensured.
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3
1 2
2/
5

N —
Key
1 [|inside
2 |outside
3 |bonding
4 |elastomer gasket
5 [support pad

Figure 9 — Support pads
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Figure 10 — Areas of typical motor yacht
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Figure 11 — Areas of typical sailing yacht

6.5 Material requirements for the framing

All materials used shall be in compliance with or equivalent to ISO 3903 or ISO 1751. The strength of
metal frames shall ensure under the window design pressures that the yield strength of the material is
not exceeded. Non-metallic frames are outside the scope of this document.
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Bolts generally should be of stainless steel with a minimum grade 50. The bolt material shall be
compatible both in terms of strength and corrosion with the frame. The supplier shall ensure that the

mechanica

| properties are achieved and valid documentation shall be provided.

Bolts shall have at least M6 and shall fulfil the general requirements for the thread/screwed-in depth
for the used frame material. The maximum allowable pitch of the bolts shall not exceed 75 mm, in
accordance with ISO 3903 (Heavy type E).

Deviating materials i.e. larger bolts or bolts with a higher grade and smaller screw pitch can be used
to meet the respective requirements. They shall be specified by the manufacturer and approved by the
certifying authority.

7 Mate

7.1 Gen

Clause 7 id
also shows|

q

NOTE
selection of

7.2 Matg

7.2.1 Ge
Panes shal

Other matg

7.2.2 Glass

7.2.2.1 K

Only t
EN 121

For lar
In whd

— Cod

7.2.2.2 (

Jee Clause 5 for the testing methods for the characteristic failure strength of pane materials and

rials

eral
bntifies the glazing materials that can be used within the scope of this document. This clz

testing methods for the qualification of these materials for use with/this document.

laminates by flexural testing.
prials selection

neral
be made of glazing materials defined in Table \6.

rials of comparable strength and stiffness'to those cited in Table 6, may be considered.

estrictions of usage for monolithic construction

50-1:2000, Clause 8 shal¥be used.
hinated construction, the glazing shall meet the requirements outlined in ISO 12543-1.
elhouse glazing/for both front and sides positions, laminated safety glass shall be used.

ting (hatdyor soft) shall not influence the strength of the glass.

hemically toughened glass

7.2.2.2.1

General

use

the

oughened safety glass meeting the requirements of the fragmentation test outlined in

Chemically toughened glass (CTG) shall meet the requirements outlined in EN 12337-1. For marine
applications, CTG is not covered by existing international standards. For this reason, it shall be qualified
as a structural material according to 7.2.2.2.2.

The following characteristics shall be declared by the glass ply manufacturer for structural qualification:

charac

28

depth of compression layer, I, (um);

surface compression, S (N/mm?);

teristic failure strength, o (N/mm?).
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The glass ply manufacturer is also responsible for the production conformity to the declared values.

7.2.

2.2.2 Qualification by the characteristic failure strength

CTG shall be qualified by its characteristic failure strength, o, value.

For this purpose, the glass ply manufacturer shall declare its characteristic failure strength, o (N/
mm2), in accordance with EN 1990:2008, Annex D, and determined by mechanical tests according to
7.3.1.

Acceptable values to comply with this document are listed in Table 6.

Thi
abr
the
rec

7.2

7.2

5 structural qualification does not take into consideration the effects comingfrq
hsion resulting during pane service life. These effects can introduce additional-requir
strengthening characteristics. Such additional requirements can be considered.arid int
gnized organizations and authorities.

3 Rigid plastic materials

3.1 Restrictions of usage

Valiies for characteristic failure strength and mechanical properties of rigid plastic panes s

wit
for

h those shown in Table 6. The usage shall be restricted within the minimum strain val
PMMA € < 0,6 % and for PC € < 0,6 %. Plastic panes (monolithic) or plies (laminated) sh

in alccordance with the indications of material manufacturers, both in terms of chemical co

wit
exp|

7.2
In 1

h other materials (adhesives, sealants, gaskets) and.application conditions (with special g
psure to outdoor environment).

3.2 Interlayers

hminated glazing, thermoplastic adhesive films or thermosetting curable resins may

adhlesive materials to bond glass or plastic plies together.

Intd

rlayer materials shall be used.in-accordance with the indications of the material manu

terins of chemical compatibility with other materials (glass, plastic plies, sealants, gaskets),

con
ma
ma

Int
the
dec

Ifa

b

ditions (with special atfention to exposure to outdoor environment) and laminat]

ufacturing methods\approved by the interlayer material manufacturer.

he computations-on laminated glazing, the shear modulus G (MPa) of an interlayer shall
value declaged\by the manufacturer for 25 °C at a load duration of 10 s. In cases where
aration, the-plies shall be considered as mechanically independent.

value iS;available only for Young's modulus, E (MPa), a shear modulus may be assumed a

7.3

m surface
ements on
Foduced by

all comply
es that are
all be used
patibility
ttention to

be used as

Facturer, in
hpplication
ed glazing

ufacturing. The glazing manufacturer is responsible for following indications, precautions and

be taken as
there is no

G=E/3.

7.3.

Testing of materials

1 General

This is limited only to tests for structural qualification of glazing materials. Other qualification tests are
not included here and shall be performed according to international standards relevant to the specific
material, as shown in Table 6.

7.3.

2 Glass

Characteristic flexural strength of glass materials shall be determined by the flexural four-point

ben

ding test, in accordance with EN 1288-3.
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The characteristic failure strength, o, shall be determined by mechanical tests as in Formulae (26),
(27) and (28):

(26)
(27)
28)
where
N s the number of test specimens (at least 10);
o; s the breaking stress, expressed in MPa, for each test specimen testedla¢cording to EN 1288-3;
0,, |stheaverage value;
Sy s the standard deviation;
CV . e SX
s the coefficient of variation; Cy, =
av
K, s the statistic coefficient corresponding to 90 % ¢onfidence limit. This value depends on|the
humber of test specimens, N, according to the;t-Student statistical distribution (see Annex D).
7.3.3 Rigid plastic materials
Characteriptic failure strength, o, for rigidplastic materials shall be determined by the flexural thfee-
point bending test in accordance with [S0/178. Data reduction shall be performed as indicated in
Formulae (|26), (27) and (28).
7.4 Testing of appliances
7.4.1 Tept procedure forhydrostatic structural testing of marine windows system
This procddure establishes an experimental method for proof testing of marine glazed openjngs
system to assess their(strength and watertightness characteristics. The test shall be performed on|the
complete glazed epehing assembly including the fixing system. The glazed opening system has fwo
main compgonents:
— glazing;

edge fixing system (clamping, framing, bonding or any mechanical/chemical method to fix the
glazing on the ship structures).

When the glazing cross-section is already qualified according to 5.6, the hydrostatic test shall be
understood to be a qualification test of the fixing system and the hydrostatic test shall be performed on
one sample.

When the glazing cross-section cannot be qualified, the hydrostatic test shall be understood to be a
qualification test on the complete system (glazing and fixing) and the test shall be performed on not
less than three samples. The result is expressed by considering the maximum pressure achieved in
each test without failure, as the average of the three results minus two times the standard deviation.
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The results shall be evaluated considering the minimum pressure achieved out of the three tests, with
structural integrity of the glazing (no breakages) and no fixing failures and full water tightness.

7.4.2 Motivations
Motivations for testing glazed opening systems are:

— innovative materials or construction systems which are introduced and not considered in existing
international standards;

— edge fixing by any method not included in existing international standards;

— |strength and water tightness characteristics of the glazed opening systems which|cannot be
predicted from calculations.

7.4{3 Testing plan and expected outcome

Anyf testing shall be covered by a testing plan clearly stating what the test is expected to validate and a
conjputational prediction of the outcome with a validity range. Variations shall be investigated. When
thejresults differ significantly from the computational results, re-evalgation of the computation and/or
re-tlesting shall be carried out to clear the differences.

7.4}4 Apparatus

7.44.1 Testing assembly

Thetest shall be carried out using a testing basin which ensures the water tightness up to thg requested
test pressure. The basin shall show the real assembly situation on board, using identical or|equivalent
materials and dimensions.

Thd filling water piping and the basin pressure measuring piping shall be separated.
While filling the basin with water, ensure that air trapping is eliminated or at least minimizgd.

Theg supporting structure of the¢ested window system shall be stiff enough to prevent edgqg deflection
which will influence the test pesults.

7.44.2 Measuring instjuments

The responsibility_6Ftest operators is to run tests with calibrated measuring instrumengs, meeting
mefrological criteria in terms of reference to the International System of Units, acduracy and
repgatability.

7.444.3 «Sample

Thd tested sample shall be representative of the glazed opening construction and installatioh on board.
A drawing of sample construction and fixing shall be provided and included in the test documentation.

7.4.4.4 Testprocedure

The test shall be carried out by laboratories or institutions which meet the requirements of
ISO/IEC 17025. Alternatively, window manufacturers fulfilling the equivalent minimum standard may
perform such tests.

The test shall be carried out as follows.
Procedure (A):

a) Dimensions of all main components (basin and glazed opening) shall be checked and recorded.
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b) Measuring instruments gauges shall be calibrated.
¢) Engineering design test pressure, pp (kN/m?), shall be established according to 5.5.

Chamber pressure shall be raised up to pp; and maintained for at least 300 s. The pressure in the test
chamber shall be raised up to design factor times the engineering design load pressure (y: ppg) (see
Table 5).

Three unloading/loading cycles (see Figure 12) shall be performed within the pressure range from
1 ppg to ¥ ppg starting at below 1/2 y- ppg and going to y* ppg.

d) Centra - s e - — -
shall be measured and recorded continuously during the test.

sjure

e) Any event such as loss of water tightness (from the glazing or from the fixing system) or' glass glies
breakage shall be recorded by the test operators with the relevant test pressure.

f) Unless|otherwise specified and if possible, the sample shall be taken to final collapse.
Procedure|(B):

Preliminary operations included in procedure (A) [namely a), b) and c)] shall*be completed.
The pressulre cycle shall be as shown in Figure 13: cyclic phase, hold phaSe and final rise to test presspre.

Operationg requested for procedure (A) [namely d), €) and f)] shall be completed.

Y
7 XDPoE |
\ 1, 2300
PoE i
I
! | | |
t 230 X

Key
X time (s

Y pressute (kPa)
1 loading/unloading cycle

Figure 12 — Water pressure vs. time for test procedure (A)
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X |time (s)
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Chamber pressure shall be raised up to pp and threecunloading/loading cycles shall be

wit
300

7.4

The
anyj
rea

loading/unloading cycle

Figure 13 — Water pressure vs. time for tést procedure (B)

hin the pressure range from unloaded to ppg. Thel; the pressure should be maintained
s. Finally, the water pressure shall be raised up to y times the design load pressure (see |

5 Acceptance criteria

test is passed if the system withstands the design factor times pp load pressure withou
part of the system and if the watertightness is maintained. Engineering design pressy
ched in not less than 30 s for both-procedure (A) and (B) and the three unloading/loadin

pro
ter
ide
strq

Tolg
glaz

7.4

Thd

s of construction details{ geometrical dimensions and materials, and that the pane cros
tical, test acceptance may be extended to any glazed opening with lower requirements
ngth (engineering désign pressure pp) and size.

rances for size extension are limited to a maximum of 5 % of each individual clear le
ing.

6 Testreport

testreport shall contain at least the following information:

performed
for at least
[able 5).

t failure of
re shall be
b cycles for

redure (A) shall be performet.in not less than 60 s. Provided that the fixing system is malintained in

5-section is
regarding

hgth of the

a)
b)

reference to this standard, including year or publication, and this clause;

date and location of the test;

c¢) window sample engineering documentation (drawings and description of glazing and fixing

system);

d) whenthetestisatypeapproval test, production documents are provided identifying the production

e)

controls performed during sample manufacturing;

description of the measuring instruments;

f) description of the test conditions: engineering design pressure test, ppg, description of testing

©IS

chamber and of hydraulic circuits;

02023 - All rights reserved
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g) testpr

h)

ocedure selection;

test results: maximum pressure achieved in the test, pressure rate to reach engineering design

pressure from the beginning of the test, waiting time at engineering design pressure, watertightness
failures and locations, glazing plies breakage events and related pressure values, other relevant
events related to strength and watertightness of the window; recorded deflections and correlation
with expected results;

names

i)
j)

of the people witnessing the test and institution(s) they represent;

testoperators and their qualification in terms of test responsibilities and institution responsibilities;

k) bondiy
)

m)

any de

8

8.1 Gen

The purpo
provide re
the glazed

The purpo
volume in
ingress of y

Alternativg
certifying
8.2 Stor

8.2.1 Ge

As a mininj
openings 1
front bulk}

Further dqg
Alternativyg
authority (|

g methods and qualification of the bonding personnel;

viations from the procedure;

any unusual features observed.

Storm shutters and deadlights

bral

be of a storm shutter is to protect the glass against impact by debris or other objects an
istance against extreme green sea loads and limit the ingress of water in case of breakag
popenings.

be of a deadlight is to provide a means to maintait¥the watertight integrity of the buoy4d
ase of breakage of the glass or leakage of the glass mounting. It is a secondary barrier aga
vater.

arrangements to storm shutters and deadlights are generally subject to the approval of
huthority.

m shutters

neral practice

um, storm shutters.or alternative arrangements to increase robustness shall be provided

leads at a height.above the waterline less than (0,02L + 2 - hgpp)m.

tails on the-backgrounds of the storm shutter requirements can be found in Anne
arrangements to storm shutters are generally subject to the approval of the certify
cee Ge2)

1 to
e of

ncy

Inst

the

for

cated in side bulklieads at a height (h) above the waterline less than (0,02L + hgpp)m, and in

K G.
ring

Storm shutjters shall be fitted externally on the bulkhead.

8.2.2 Glazed equivalents to providing storm shutters

The criteria in this subclause are based on yachts that either:

— comply with requirements for residual damage stability as formulated in the REG Yacht Codel€l, or

— arerestricted to short range operation.

To be considered as an acceptable equivalent for a traditional monolithic glazing with storm shutter,
the glazing shall:

a) be designed, in the intact condition to a pressure not less than the engineering design pressure ppg
according to 5.5;

34
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b) be oflaminated construction;

c) be designed to withstand, after failure of any single one of the plies, the design pressure p, with a
design factor y of 1,0 (see ISO 11336-3:2019, 4.2.2);

d) not show more than moderate loss of tightness (see ISO 11336-3:2019, 4.2.2) for the period needed
for the crew to detect the failure and to take action to stop cascading damage and mitigate the
consequences.

8.2.3 Construction of storm shutters

The construction shall comply with the quality standards and material testing as requifed for the
strycture of the bulkhead in which the storm shutter is located.

8.214 Design pressures and design flexural stresses
Deslign pressures shall be the same as required for windows in accordance with5.5.

Deslign flexural stress for aluminium constructions shall be taken as the.yield strength of (,2 % proof
strdss.

Deslign flexural stresses shall take into account the un-welded or as*welded yield strength,|depending
on Wwhether the construction is welded or extruded, as specified\in EN 13195-1.

For|FRP, a factor of safety to failure of 1,6 shall be achieved.,

8.2{5 Structural model
Plating shall be considered simply supported at the edges of the window and between stiffemers.
Stiffeners shall be considered simply supported.

Stiffeners shall be checked for bending strength, shear strength, and tripping.

Support from mullions shall be considered using a grillage approach provided the bendirg stiffness
(EI] of the mullions and the bulkhead supporting structure are considered in the grillage calculation.

8.2]6 Scantlings

8.216.1 General

Scantlings of stermi’shutters may be determined by direct calculation.

8.216.2 Structural detail

Stiffeners shall be arranged such that they can take the design loads and adequately transrhit them to

th nH i ot ’'s
e oull Uuuulus )’Clblll, oLl UutiurcT.

Storm shutter shall suitably overlap all around.

8.2.6.3 Metal construction

Stiffeners shall be sniped at their ends and stopped 15 mm from the storm shutter plate edge. The snipe
shall be not less than 1 in 3 and shall start at 50 mm overlap of the stiffener onto the bulkhead structure.

Welding of stiffener to plating may be intermittent. Welding shall be full return at the end of stiffeners
of not less than 100 mm.

© IS0 2023 - All rights reserved 35


https://standardsiso.com/api/?name=be676adc93b8a5fa52087a4a91264ca6

1ISO 11336-1:2023(E)

8.2.6.4 FRP construction
FRP stiffeners, where fitted, shall be laminated or bonded to the storm shutter plate.

The spacing between the glass pane and the storm shutter shall be larger than the maximum deflection
of the storm shutter under design load.

8.2.7 Attachment to bulkhead

The storm shutters shall be effectively attached to the bulkhead e.g. by bolted connections or by fitting

into retaining bars.

In selecting the materials for the means of securing, the effects of corrosion between dissimilar meftals
shall be considered.

Bolt diamdter shall be at least M12, spacing maximum 500 mm; alternative arrangements shal| be
approved by the certifying authority.

Where bolfs and plate are of different materials, shear stress and bearing stress'shall be designefl to
consider the different material mechanical properties.

8.3 Robpstness of protection of hull openings

8.3.1 Gepneral practice

8.3.1.1 (eneral

Deadlights| or equivalent secondary barriers shall be provided to glazed openings in the side shell to
prevent the ingress of water if the exposed glazing is frdactured or damaged.

Deadlights|shall generally be permanently attachedif located in the buoyant areas of the ship (the hpll).
Portable d¢adlights are subject to the acceptance-of the Administration.

8.3.1.2 Material for deadlights

Deadlights|shall be made from eithef:

— maring grade aluminium alloy; steel or bronze, or

— composite material as Gsed for hull construction.

Metal shall be of a ductiletype with elongation to breakage not less than 6 %.

Other matgrials shall be ductile, acceptable for hull construction and approved by the certifying
authority.

8.3.1.3 Cbigll pressurc dlld dcaigu ﬂcxul d} btl C33CS fUl dcddiigiltb

Deadlights shall be dimensioned such that when loaded by the design pressure the yield stress is not
exceeded.

The deadlight shall be designed considering the same design pressure as required for the glazing. When
subjected to this pressure, the stress in the deadlight and all load bearing fittings shall not exceed the
yield stress.

For circular openings up to 450 mm in diameter, the deadlight and all associated hinge pins, securing
devices and fittings, can also be taken according to ISO 1751.
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8.3.2 Equivalent secondary barriers

Other types of secondary barriers can be used at the discretion of the Flag administration. This
secondary barrier can take the form of secondary glazing. Application is subject to the following:

a) The yacht is designed to have residual floatation and stability according to the REG Yacht Codell¢]
or equivalent, if the compartment protected by the glazing is flooded.

b) The secondary barrier is mounted permanently to the supporting structure.

c) Failure of any single component of the whole closing appliance shall never lead to loss of the

de. VELI RS ads. Lanh} 1 - . .
WALCTULIGIIUITIIT ST Il Y. 1TTIT UUIIUIITS 15 4 CULITPJUTITIIL.

d) |The robustness of the secondary barrier shall be demonstrated as in 8.3.5.

8.313 Testing

a) |Adequacy of deadlights and equivalent secondary barrier arrangements, shall be demonstrated by
prototype testing.

b) |The aim of the testing is to ensure water-tightness is maintdined or, for hinged dqr portable
deadlights, at least restored when the outside pressure is reduced.

c) |Test conditions and support of the deadlight or secondary barrier shall reflect the sftuation as
mounted on board. The barrier and its mounting can bé/tested in a horizontal or vertidal position
as required by the testing method.

d) |Testing considers resistance against a specific_aetion. Demonstration of capability to|resist that
particular action does not constitute or imply, ¢apability to resist other actions that can affect the
integrity.

8.3[4 Testing of metal or composite deadlights

The deadlights in the mounted position’shall be tested for water tightness using a design pressure of
42 % of the design pressure, py,.

The deadlights in the mountedtposition shall be tested for strength at a test pressure, pj. After the
testl, any permanent deformation shall not be more than 1 % (0,01 times) the smaller dimension of
the|clear opening. This test may be replaced by computations. Equivalent strength can be pssumed if
the|calculated bending stress does not exceed the minimal certified failure stress of the material. The
failyire stress shall be-taken as the yield stress, 0,2 % proof stress, or first ply failure of the material for
steg¢l, aluminium-alloy and composite material, respectively.

8.3)5 Testing of equivalent glazing deadlight

8.3/5:1. ™ General

The impact test shall be able to deliver an impact energy of 1 800 ] at a terminal velocity in a range of
5m/sto 10 m/s.

The concept arrangement of the impactor is illustrated in Figure 14. The impactor head shall be arranged
in such a way to present a hexagonal bolt, head M12, steel grade 8.8 (key reference 3 in Figure 14). Under
the bolt head a steel spacer (key reference 2), with a length of 80 mm, an outer diameter of 18 mm, and
inner diameter of 12,5 mm, shall be provided to ensure penetration is achieved before the main body
(key reference 1) of the impactor reaches the surface of the glass.
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Dimensions in millimetres

\
\

80

Key
1 impactgr body

2 steel spacer

3 hexagohal bolt head

Figure 14 — Impactor arrangement

After the ijnpact test, the sample shall be 'hydrostatically tested to prove water tightness with watgr at
a pressurefof 75 kPa, with the pressurgfrom the external side. See Annex ] for further details on hoy to
conduct qulalification testing of anequivalent deadlight.

cceptance criteria

of the impdcp tests, no full penetration is allowed on 3 representative samples. Full
is defined When, after the impact, a passing-through hole is formed with a diametefr of

After reaching the maximum test pressure, this shall be maintained for at least five minutes. Leaage
from the glazed surface and from the fixing joints/elements shall be recorded. Leakage is allowefl at
maximum . . . L . .

Acceptance is based on the same construction cross-section, both in terms of mechanical properties of
materials and thickness, and the same fixing arrangements.

Acceptance criteria are established according to the following two methods:

— Method A: The three tested samples shall have clear opening dimensions representing different
aspectratio in the range of the clear opening dimensions specified by the designer or manufacturer.
Consideration shall be given to limits in glazed openings. A typical range is:

— 400 mm by 400 mm (aspect ratio = 1)
— 1100 mm by 800 mm (aspect ratio =1,4)
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— 1100 mm by 400 mm (aspect ratio = 2,75)

samples shall have the same laminate setup.

Each sample shall be subject to the impact test followed by a hydrostatic test at 75 kPa minimum
pressure. All other dimensions within the limits of the chosen range shall be considered acceptable.

Eac
pre

For

8.3

The test report shall contain at minimum the following information:

f)
g)
h)
i)
j)

8.4

Method B: Where dimensions of the equivalent glazing deadlight are not covered by

method A,

an individual test is considered. The test shall be performed on three samples with clear opening
dimensions representing the window and glazing specified by the designer or manufacturer.
Consideration shall be given to limits in glazed openings. All samples shall have the same laminate

setup and construction.

h sample shall be subject to the impact test followed by a hydrostatic test at 76\kP4
Esure. In this case, results cannot be extended to other dimensions different from the tes

circular equivalent glazing, deadlight qualification method B shall be followed!

5.3 Testreport

areference to this document (document reference number, title; year of publication);
date of the test, location, names of the observers;
selected Method (A or B) for qualification;

description and construction drawing of the tested framed assembly specifying the gla
section in terms of materials, thicknesses and strengthening characteristics as reques
document and fixing conditions. Unsupportéd dimensions of the tested equivalent dea
be reported;

description of the impacting conditiéns: impactor weight and impacting head descript
energy and terminal velocity of/the impactor at the impact point, impact point at sample

description of the main recorded evidence after impact (e.g. how many glass plies have bg
full or partial impactor penetration);

hydrostatic test maximum pressure and hold time;
recorded eviderce after hydrostatic test, any leakage (litres/minute) or further structui
any deviations from the procedure;

any unusual features observed.

Owner's manual

minimum
ted ones.

Zing cross-
ted by this
{light shall

on, impact
surface;

en broken,

ral failure;

Guidance shall be included in the operating manual on the sea state at which storm shutters and
deadlights shall be fitted, and upon maintenance and inspection of the storm shutters and deadlights

and

their means of securing.
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Annex A
(normative)

Unsupported pane dimensions

For rectangular pane, the small and large unsupported dimensions are bp and ap respectively, as
shown in Figs ne-the-si . ae HeRSIon ob o

in Figure 4 pf a

L
N
M.

f) Rectangle b) Circle c) Folded pane

Figure A.1 — Unsupported pane dimensions

bp:A/ap d = iA
T

A = area offpane in mm?2

a) Quadrangle b) Polygon
b b
b, d
/N , %};
rU o
Y]
a,=2a/3; b, =3b/4 d=3b/4
c) Triangle d) Equilateral triangle
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b
d
a,=0,87a; b, = 0,87b d= Jab
p) Flat pllipcp f) Round pllipcp

Figure A.2 — Equivalent dimensions
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Annex B
(normative)

Calculation of the stiffness of a pane

For a monolithic pane of physical or equivalent thickness t,, expressed in mm, the calculation of its
stiffness, M—expressed—inNemm-shall be performed-on-the Basicofthe knowledse-of-its—mechanical

[ CXpTre IO P oo ot C ot o T O CIrC IS To vy TS ToTTTto e TIoT

characteristics, as shown in ormula(B 1).

__|Et
M_12-(1—v2) (B-1)

E isthe Young’s modulus, expressed in N/mm?;
v is the Poisson’s ratio;
t, isthe effective thickness for bending (see Table B.2).

Values of Eland v can be found in Table B.1. Other values may be used for Young's modulus and Poisspn's
ratio if declared by the material manufacturer.

Table B.1 — Mechanical properties of materials

Material Acronym Young’'s modulus Poisson’s ratio
E v
N/mm?
Polymethylmethacrylate PMMA 3300 0,37
Polycarbonate PC 2300 0,38
Glass TTG/CTG 70 000 0,23

Table B.2 — Effective thickness for bending

Cross-section Effective thickness for bending

mm

Monolithic physical thickness

Independentplies
r r

e —
) i) o] o]
={/t] +t) +.+t;,

Laminate type A (no collaboration ) toqsw
Laminate type B (with collabora- teq
tion)
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Annex C
(informative)

Scantling formula

The scantling formula given in Formulae (10) and (11) comes from Formula (C.1):

tO =b- ﬁﬂ
Oa
whére
to Isthe basic pane thickness, expressed in mm;
b  isthe shortside of a rectangular pane or “equivalent short side”_of a pane, expresse
p  isthe pane aspect-ratio coefficient;
pp is the basic design pressure, expressed in kN/m?;
o, isthe allowable design flexural stress of the material, expressed in N/mm?2.

(C.1)

d in mm;

Thip Formula has been rearranged to be expressed in‘more practical units kN/m? and N/min? as given

in Fformulae (10) and (11).

Formmula (C.1) is derived from linear plate thedry and is strictly valid for small deflection ¢f the pane
(legs than t;/2). A more accurate structural analysis may be based on nonlinear FEM ¢alculation.
Nevertheless, this simplified linear approach has been found to be consistent and conservative for

scantling determination of plates when-¢omparing results of hydrostatic tests with the mo
norflinear FEM calculations.

'e accurate
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Annex D
(informative)

Statistical coefficient K, and worked example

The statistic coefficient (K,) introduced in 7.3.2 corresponding to 90 % confidence limit depends on the

4

B e e S
reported ap a function of the number of test specimens for a confidence limit of 90 %.
Table D.1 — K, vs. number of tested specimens
at 90 % confidence limit
Number of tested specimens K,
10 1,833
11 1,812
12 1,796
13 1,782
14 771
15 1,761
20 1,729
25 1,711
30 1,699
40 1,685
60 1,671
100 1,660
e 1,645
A worked ¢xample is shown below.
ConsiderigE 12 strength tests sampling 12 individuals from a production lot, the average value, pnd
standard deviation are:
3 20
Cy =—f=—-=0,0952
o}, 210
o, characteristicfailure strength is
o.=0}(1-K,-C,)=210-(1-1,796-0,0952) =174 MPa
where
O.y is the average = 210 MPa;
s is the standard deviation = 20 MPa;

X

setting a probability level of 90 %, the value of K, can be read from Table D.1

K, =1,796.
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Worked examples of equivalent thickness calculationfor Type A
laminates

E.1

Construction cross-section:

Example 1 — Independent plies case

Glass 8 mm / 1,5 mm interlayer / glass 10 mm / 1,5 mm interlayer / glass 8'mm

Table E.1 illustrates an example calculation for independent plies case.

Table E.1 — Example of calculation for independent plies case

t £3 teq = [Z(t3)/E]1/2
mm mm3 mm
8 512 15,9
10 1000 14,2
8 512 15,9
teq ¥ 142 mm

In Tjable E.1, the t column indicates individual glass thicknesses of the laminate; the t3 columjn indicates

thejr cubes and the t,

lamjinate. The selecteél value of equivalent thickness ¢

E.2

Conlstruction cross-section:

E(Glass)=’70 000 MPa
G(PVB) = 1,6 MPa

Glazing shotf-dimension: 1 000 mm

. column indicates-the individual equivalent thickness of each glass
eq Is the minimum of this last column.

Example 2 — Collaborating plies case (symmetrical construction)

Glass 8 mm/ 1,52-n1m Polyvinylbutyral (PVB) interlayer/ glass 8 mm

ayer of the

Tab

e k.Z 1Tustrates an example Ccalculation 10r a collaborating plies case withh symimetric co

nstruction.

Table E.2 — Example of calculation for collaborating plies case (symmetric construction)

Shear transfer Equivalent thickness Equivalent thickness Equivalent thickness
coefficient deflection stress —Ply 1 stress — Ply 2
r teq;w tlef;c tZef;c
mm mm mm
0,281 13,1 14,5 14,5
teq = 14,5 mm
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In Table E.2, the t,, column indicates individual glass thickness for deflection; the t;; and ¢,
columns indicate equivalent thickness of each glass for stress. The selected value of equivalent thickness

teq

is the minimum of the two glasses. The same information applies to Tables E.3, E.4 and E.5.

E.3 Example 3 — Collaborating plies case (asymmetrical construction)

Construction cross-section:

— Glass 12 mm / 1,52 mm PVB interlayer / glass 8 mm

Gl . 1 dorel s . 100
i alels SIIUL U UILIIICIISIUIL. 1 \Y

Fa
U 11111

— E(Qlass) = 70 000 MPa

—  G(HVB)=1,6 MPa

Table E.3 [illustrates an example calculation for a collaborating plies case with’ asymmetiical

constructign.

Table E.p — Example of calculation for collaborating plies case (asymmetrical constructioT)

Shear transfer Equivalent thickness Equivalent thickness Equivalent thicknesds
codfficient deflection stress — Ply-1 stress — Ply 2
r teq;w tlef;o tZef;o
mm min mm
0,246 16,0 17,0 19,0
teq= 17,0 \m

E.4 Example 4 — Collaborating plies case (three plies iteration case)

Constructipn cross-section, defined from pressure side to inside:

— Glags 8 mm / 1,52 mm PVB interlayer / glass 10 mm / 1,52 mm PVB interlayer / glass 10 mi|

— Glaging short dimension: 1 000 mm

— E(Qlass) =70 000 MPa

—  G(HVB)=1,6 MPa

First iteratiion, combiningthe two plies adjacent to the pressure side of the panel:

— Glass'8 mm / 1,52 mm PVB interlayer / glass 10 mm.

=]

Tables E.4 and E.5 illustrate examples of calculations for a case with three collaborating plies. This ¢ase

involves arliteration

Table E.4 — Example of calculation for collaborating plies case (three plies iteration case) —
First iteration

Shear transfer coeff. Equivalent thickness Equivalent thickness Equivalent thickness
deflection stress —Ply 1 stress — Ply 2
r teq;w tlef;c tZef;G
mm mm mm
0,261 14,5 16,6 15,7

teq (firstiteration) = 15,7 mm

Second iteration:
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