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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental_in liaison with ISQ_also take part in the wark

ISO collabarates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 10904 w

This first edi
technically rg

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for votingPublication 3

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 77, Products in fibre reinforced cement.

tion of ISO 10904 cancels and replaces 1SO 9384:1994and 1SO 9933:1995, which have
vised.

Hards
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atent

been
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Introduction

The performance of a roof or another building part constructed with the products covered by this International
Standard depends not only on the properties of the products as required by this International Standard, but
also on the design, construction and installation of the components as a whole relative to the environment and

the conditions of use.

This [International Standard does not include calculations with regard to works, design\requirements,
installation techniques, wind uplift or rain proofing of the installed sheets.

© 1S0O 2011 — All rights reserved
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INTERNATIONAL STANDARD

ISO 10904:2011(E)

Fibre-cement corrugated sheets and fittings for roofing and
cladding

1 §
This

straig
weat

Prod
the a

ycope

International Standard specifies technical requirements and methods for the inspéction a
ht short and long fibre-cement profiled sheets and their fibre-cement fittings designed tq
ner-exposed surfaces on roofs and internal and external walls of buildings.

icts covered by this International Standard can be used for other purposes, provided they
ppropriate national or international application code or standard.

Someé of the requirements of this International Standard can apply, after agreement between

and (i

The
coati

urchaser, to curved profiled sheets.

g in isolation (colour-fastness, adhesion, etc.). Specific performance requirements for

refer¢gnced in other International Standards or national standards.

This

fibreq.

nternational Standard does not apply to fibre-cement profiled sheets and fittings reinforced V

2

ormative references

The following referenced documents ‘are indispensable for the application of this documen

refer
docu

ISO 3

ISO ?

ISO 3
acce,

ISO 1

nces, only the edition citedvapplies. For undated references, the latest edition of th
ment (including any amendments) applies.

90:1993, Products._ in-fibre-reinforced cement — Sampling and inspection
602:1980, Statistical interpretation of test results — Estimation of the mean — Confidence i

859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes
btance quality limit (AQL) for lot-by-lot inspection

hd testing of
provide the

comply with

manufacturer

ype tests described in this International Standard are notiintended to evaluate the perforfnance of the

coatings are

vith asbestos

t. For dated
b referenced

hterval

indexed by

951-1, Sampling procedures for inspection by variables — Part 1: Specification for single sg

mpling plans

inde

ed- by acceptarice gquatity tirmit {AQL)—forfot=by-fotimspection fora singfe quatity ctharac

single AQL

ISO 12468-1, External exposure of roofs to fire — Part 1: Test method

ISO 12468-2, External fire exposure to roofs — Part 2: Classification of roofs

EN 15057, Fibre cement profiled sheets — Impact resistance test method
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3 Terms and definitions

For the purposes of this document, the following definitions apply.
3.1

profiled sheet

component whose cross-section consists of corrugations

NOTE 1 Examples are shown in Figure 1.

NOTE 2  The corrugations are defined by their pitch, ¢, and their height, 4.

Key
A upper face

Figure 1 — Examples of categorization by height of profile

2 © 1S0O 2011 — All rights reserved
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3.2

side corrugation

corrugation at the extreme end(s) of a cross section normally having a different pitch and height, normally
used for side overlapping

3.3
acceptance test
test to establish whether a batch of products conforms to a specification

NOTE 1 The test is performed on samples drawn from continuous production or from a consignment.

NOTE-2 Test mnl‘hndc’ cpor\ifir\nﬁnnc and limit values are cpnr\ifior‘l n-this-International-Standard- ngr’ |ng levels and
acceqltance criteria are specified in 6.3.

NOTBE 3  See ISO 390.

3.4
type ftest
test performed to demonstrate conformity with the requirements of this International Standafd or for the
apprgval of a new product and/or when a fundamental change is madecin-formulation and/¢r method of
manufacture, the effects of which cannot be predicted on the basis of previous experience

NOTE The test is performed on the as-delivered product, but is not required for each production batch.
3.5

acceptable quality level

AQL

maximum percent defective (or maximum number of defeets per 100 units) that can be considerefl satisfactory
as a long-term average quality level in a sampling plan

NOTEH When a manufacturer's process satisfies-a sampling scheme with an AQL of 4 %, this indicatgs that 96 % of
the inspected product exceeds the specification. This’type of specification provides the consumer with a glearly defined
lower|quality boundary; this does not occur if acceptance is based solely on the average value of the meadured property.
Examples of sampling schemes can be found'intSO 390, ISO 2859-1 and I1ISO 3951-1.

3.6
as delivered
in thg same condition as that in which the producer intends to supply the product after completing all aspects
of thg process, including maturing and, when appropriate, painting

3.7
reinforcement fibres
organic or inorganic reinforcement fibres for the manufacture of fibre-cement profiled sheetg and fittings
comglying with(this International Standard

NOTH See 5.1.

3.8
apparent density

dry mass per unit volume based upon the volume of the sample calculated by water displacement or
equivalent

NOTE This is an average density of the material and pores, coated or uncoated (as delivered).

3.9

breaking load

maximum load achieved during the bending test and representing the load-bearing capacity of the sheets at
the test span

© 1S0O 2011 — All rights reserved 3
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bending moment at rupture
moment at mid-span calculated from the maximum load during the bending test

3.1
short sheet
sheet with a

3.12
long sheet
sheet with a

3.13
upper face

face normally

3.14
under face
reverse of th

3.15

ambient lab
atmosphere
Standard as

3.16
fitting
components

the verge, rid

3.17

bending mo|
modulus of €

length less than or equal to 0,9 m

length greater than 0,9 m

exposed to the weather

b upper face

bratory conditions
for testing or storing and conditioning of samples, defined forthe purpose of this Interna
p temperature of 23 °C + 10 °C and a relative humidity of 50‘% * 20 %

with particular shapes that are fitted to profiled sheets and complete, for instance, the roof
ge and eaves, or perform functions such as ventilation, daylight-admission, etc.

dulus
lasticity derived from the load-deflection data recorded during the breaking load test

4 Symbaqals, abbreviations and units

For the purpgses of this document,(the following symbols and abbreviations are used.

a pitc
b dim
spe
e thic
En ben
Jo,15
test
Jo,55
test
F
FS
Foy 15
4

h of the corrugation) expressed in millimetres

ension of the,specimen parallel to the supports in either the breaking load test (called width
Cimen) or\the bending moment test (called length of the specimen), expressed in millimetres

ness of the sheet, expressed in millimetres

tional

ng at

Df the

ding modulus, expressed in newtons per square millimetre, in the breaking load test

load at rupture in the breaking load test or bending moment test, expressed in newtons
load at rupture per metre width from the breaking load test, expressed in newtons per metre

load, expressed in newtons, at 15 % of the maximum load in the breaking load test

deflection, expressed in millimetres, at approximately 15 % of the maximum load in the breaking load

deflection, expressed in millimetres, at approximately 55 % of the maximum load in the breaking load

© 1S0O 2011 — All rights reserved
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load, expressed in newtons, at 55 % of the maximum load in the breaking load test
height of the corrugation, expressed in millimetres

height of the edge of the descending corrugation, expressed in millimetres

height of the edge of the ascending corrugation, expressed in millimetres

moment of inertia of the section around a horizontal axis through the centre of gravity,
millimetres

expressed in

1 P A 1o + o HIH +
ICTTYUuT U ui1c STITTL, TAPITSSTU T THHITTTITU TS

clear span between the supports in the breaking load test or the bending moment test,
millimetres

upper estimation at 95 % confidence level of the result X,
lower estimation at 95 % confidence level of the result X,

mass of the specimen, expressed in grams, after drying, when détermining the apparent

expressed in

density

bending moment at rupture per metre length from the *bending moment test, gxpressed in

newton-metres per metre

ratio of the estimation L, to the estimation L,
standard deviation of the specimens with average X,
standard deviation of the specimens with-average X,
apparent volume, expressed in cubi¢-centimetres, of the specimens for the apparent den
width of the sheet, expressed in-millimetres
actual result obtained when dry-testing
mean value of the(bending test results of the control specimens (the first lot) for a type tg
mean value ofthe bending test results of the specimens (the second lot) after a type-tes
minimum,.value for use as the specification for the dry method of test; this value is caldg

97,56.% )lower confidence level from the value yg specified for the wet method o
Intérnational Standard

sity test

t

[7]

exposure

ulated at the
test in this

value calculated from the value obtained from a specimen tested dry, which is the es

timate at the

97,5 % lower confidence Tevel of the value expecited from a specimen tested wet
minimum value specified in this International Standard for wet testing

one of the coefficients of the regression line defined in Annex E

one of the coefficients of the regression line defined in Annex E

apparent density of specimen, expressed in grams per cubic centimetre

© 1S0O 2011 — All rights reserved
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5 Product requirements

5.1

5.1.1

5111

General

Composition

Fibre-cement profiled sheets and fittings shall consist essentially of cement or a calcium silicate

formed by the chemical reaction of a siliceous and a calcareous material, reinforced by fibres. The cement

shall comply

Process aid

with the relevant national standards in the country of manufacture.

added.
5.1.1.2
cellulose
syntheti
glass fib
51.1.3

discrete
continug

nets or V

5.1.2 Mant

Fibre-cemen
accelerated
hand- or mag

5.1.3 App€

The profiled
They may al
face shall h
characteristig

Edges shall
pre-mitred on

These materials may have one or more of the following forms;

; fillnr'e7 nggrpgnfnc and pigmnnfc that are r‘nmpafihln with the fibre-reinforced cement m

Reinforcement may be one or a combination of the following materials:
fibre;
organic and/or inorganic fibre;

fe.

elements randomly dispersed;
us strands or tapes;

vebs.

facture

profiled sheets may be formed either with or without pressure and cured either under natu
tonditions, to meet the specified requirements. The fibre-cement fittings may be formed by
hine-moulding techniques.

arance and finish

sheets may be left.with their natural color, or coloring matter may be added in the compos
50 receive adherent colored or uncolored coatings or impregnations on their surfaces. The
bve a generally smooth finish. Variations of the surface appearance that do not impa
s of the sheets as defined in this International Standard are permitted.

be straight and clean and the sheets shall be square. Sheets may have one or more cg
prepared for mitring and/or may be pre-drilled for fixing.

ay be

ral or
bither

ition.
ipper
r the

rners

The fittings shall have a general appearance and finish compatible with the sheets with which they are being

used.

5.2 Categorization and classification

5.21

According to nominal height of corrugations

The fibre-cement profiled sheets are divided into five categories depending on the nominal height, #,
expressed in millimetres, of their corrugations, in accordance with Table 1. Examples of profiles are shown in

Figure 1.

© 1S0O 2011 — All rights reserved
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Table 1 — Categories of fibre-cement profiled sheets

Height
h
Category mm

Long sheets Short sheets

length > 0,9 m length < 0,9 m
A 15<h <30 15<h <30
B 25<h<45 25<h<45
C 40<h <80 40<h <80
D 60<h<120 60<h<120
E 90 <h <150 —

5.2.2] According to thickness
The thickness of the sheets may be
— ¢ither approximately constant throughout the width of the profile (type A sheets); see Figure 2 a); or

— \ary regularly between the valley and the crown for corrugated sheets or between the lower| part and the
Upper part of ribs for asymmetrical section sheets, in the same cross-section (type B [sheets); see

fFigure 2 b).

L]

e > €&y

a) Constant thickness b) Variable thickness

Figure 2 — Profiled sheet

5.2.3| ,According to minimum breaking load in bending for long sheets

For sheets with a length greater than 0,9 m (long sheets), each category of sheet is subdivided into classes
according to the value of the minimum breaking load in bending; see Table 3.

5.2.4 According to minimum bending moment at rupture for long and short sheets

For long and short sheets, each category of sheet is subdivided into classes according to the value of the
minimum bending moment at rupture; see Table 4.

National standards may choose one or more classes depending on the local conditions in the area of use.

National standards may specify, in addition of the minimum breaking load (in newtons per metre width), the
unit flexural strength (in newtons per square millimetre) provided that the manufacturer defines the profile,

© 1S0O 2011 — All rights reserved 7
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including the side corrugations, and consequently indicates how to calculate the moment of inertia for the
specific corrugated surface section.

5.3 Dimensions and tolerances on nominal dimensions

5.3.1 General

The manufacturer shall specify the nominal dimensions, shapes and configuration of the edges of the fibre-

cement profil

Fittings shall

ed sheets.

have nominal dimensions and shapes determined by the manufacturer and appropriate

o the

correspondin

5.3.2 Minirn

Each individy

g fibre-cement profiled sheets with which the fittings are used.

hum thickness of profiled sheets

al thickness measured according to B.5 shall be no less than the values in Table)2.

Table 2 — Minimum individual thickness of profiled sheets

Category Height Minimum individual-thickness
mhm mem

Long sheets Short sheets
length > 0,9m length <0,9m

A 15<h <30 3,0 3,0

B 25<h <45 4,0 4,0

C 40<h<80 4,5 4,5

D 60 </h <120 55 55

E 90 <A <150 6,0 —

5.3.3 Num

The number

per of corrugations

pf corrugations considered-for designation is the number of complete corrugations of the she

5.3.4 Height of edges

The nominal
national stan
a descending

height of edges of both the ascending and descending edges (see Figure 3) shall be specif
dards. This\fequirement applies only for sheets having an ascending corrugation on one sid
corrugation on the other side.

I =

ed in
b and

/ |

fom

Key

|
(=]
Kk \

A reference plane (control surface)

Figure 3 — Measurement of the height of edges

© 1S0O 2011 — All rights reserved
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5.3.5 Tolerances on nominal dimensions for sheets
The following tolerances shall apply to nominal dimensions given by the manufacturer:

a) tolerance on pitch, a, expressed in millimetres:

a<75 +1,5
75<a<180 +2
180 < a <260 2,5
260 <a +3

b) tplerance on height of corrugation, #, expressed in millimetres:

15<h<45 +2
45 <h <150 +3
c) tplerance on length: +10 mm;
d) tplerance on width: 19 mm;
e) fplerance on thickness, e: the average thickness shalkbe within £ 10 %, but no more tan = 0,6 mm

of the nominal thickness;
f)  qut-of-squareness of sheet: <6 mm;

g) fplerance on height of edges: applies only for sheets having an ascending (rising) edge on one side and a
descending edge on the other side, and where it is required by the installation technique in order to
nsure weather tightness and/or geometrical fit; the manufacturer shall use the toleranceg specified in
installation standards or regulations orif-none are given, he shall specify them in his literature.

5.3.6| Tolerances on nominal dimensions for fittings

The following tolerances shall apply to nominal dimensions given by the manufacturer:
a) lerance on length: +10 mm;

b) lerance on width: +10 mm;

c) lerance©n ‘average thickness: +1 mm.

National,standards may specify tolerances tighter than the ones specified in 5.3.5 and 5.3.6.

5.4 Physical requirements and characteristics

5.4.1 General

Mechanical and physical properties are normally determined on product as delivered. The results shall be
identified as applying to coated or uncoated material. Failure of the coating does not constitute
non-compliance of the product with this International Standard.

Testing of mechanical characteristics is performed with the upper face in compression. If required to establish
a relationship between upper and under face testing, where significant differences are expected or if required
for design purposes, the load shall be applied on the under face. Results obtained for under face testing are
not relevant for classification.

© 1S0O 2011 — All rights reserved 9
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5.4.2 Mechanical characteristics

5.4.21 General

For non-roofing and cladding applications, alternative mechanical characteristics may be agreed between the
manufacturer and purchaser.

5.4.2.2 Minimum breaking load

When tested wet as specified in 7.3.2, using the method given in Annex C, long sheets shall have a minimum
breaking load at least equal to the values specified in Table 3.

5.4.2.3 Beénding modulus — Modulus of elasticity

The manufagturer's literature may specify the minimum bending modulus (modulus of elasticity).of the prpfiled
sheets. Whep tested wet as specified in 7.3.2, using the method given in Annex C, the mddulus of eladticity,
E,,, between|15 % of the maximum load, F 45, and 55 % of the maximum load, F 55, in the’breaking loaf test
(see Figure ¢.2) shall not be less than the specified value. '

Table 3 — Long sheets — Minimum breaking load per metre width

Minimum breaking load (BL), wet, by class of long sheet (length > 0,9 m)
Category N/m
BL1 BL2 BL3 BL4 BL5 BL6 BL7 BL8 BL9 BL10 BL11

600 1250 | 1400 — — — — — — — —
— 1250 | 1400 | 2000 | 2500 | 3.500 — — — — —
— 1400 | 2000 | 2500 44,3500 | 4250 — — — —
— — — — — 3500 | 4250 | 5500 | 7000 — —
— — — — — — — — — 8500 | 14500

mlo|lo|w|>
|

5.4.24 M{nimum bending moment

When tested|wet as specified in 7.8.3, using the method given in Annex D, long sheets and short sheets|shall
have a minimium bending moment-at rupture per metre length of sheet at least equal to the values specifled in
Table 4.

Table 4 — Long sheets and short sheets —
Minimum bending moment per metre of length

Minimum bending mom;nt (BM), wett, (ll)cynt’:gltzss;gl:;r;g sheet (length > 0,9 m)
Category Nm/m '
BM1 BM2 BM3 BM4 BMS BM6 BM7
A 128 20 25 30 40 — —
B — 20 25 30 40 45 55
C — — 25 30 40 45 55
D — — — 30 40 45 55
E — — — — 40 45 55
a8  Applies to short sheets only.

10 © 1SO 2011 — All rights reserved
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5.4.3 Apparent density

The manufacturer's literature shall specify the minimum apparent density of the profiled sheets. When tested
in accordance with 7.3.4, using the method given in Annex F, the density shall not be less than the specified
value.

5.4.4 Water permeability

When tested for water permeability in accordance with 7.3.5, using the method given in Annex G, traces of
moisture may appear on the underface of the specimen, but in no instance shall there be any formation of
water drops.

NOTE Some national testing methods and performance requirements for the water permeability can differ from those
givenlin this International Standard.

5.4.5| Freeze-thaw performance

5.4.5|1 Long and short sheets
This test shall be carried out if local climatic conditions justify it or national.standards specify it.

When freeze-thaw testing is required, profiled sheets are tested. in{accordance with 7.3.6, uging the test
methpd given in Annex H. The ratio, R, of the lower versus the«ipper estimate mean values of the bending
moments for the exposed and unexposed specimens, detérmined at the 95 % confidencg level after
100 freeze-thaw cycles, shall not be less than 0,70.

Any Vvisible cracks, delamination or other visible alteration shall not be of such a degree as |to affect the
perfomance in use.

5.4.5|2  Fittings
This test shall be carried out if local climatic-¢onditions justify it or national standards specify it.

When freeze-thaw testing is required, fittings are tested in accordance with 7.3.7, using the test method given
in Annex H. Any visible cracks, delamination or other visible alteration after 100 freeze-thaw cygles shall not
be of|such a degree as to affect the performance in use.

5.4.6] Heat-rain performance

When tested in aceordance with 7.3.8, using the test method given in Annex |, after 50 heat-raip cycles, any
visible cracks, delamination or other defects in the sheets shall not be of such a degree as tp affect their
performance in Use. In case of doubt, a water-permeability test shall be performed on the sheet ¢onsidered to
have|the highest incidence of defects after heat-rain exposure. When a product has successfully passed this
watel-permeability test, it shall be considered to comply with the requirement of heat-rain performpance .

5.4.7 Warm water performance

When tested in accordance with 7.3.9 or 7.3.10, using the test method given in Annex J, the ratio, R, of the
lower versus the upper estimate mean values of the breaking load (for long sheets) or the bending moment
(for short sheets) for the exposed and unexposed specimens, determined at the 95 % confidence level after
56 d at 60 °C, shall not be less than 0,70.

5.4.8 Soak-dry performance

When tested in accordance with 7.3.11 or 7.3.12, using the test method given in Annex K, the ratio, R, of the
lower versus the upper estimate mean values of the breaking load (for long sheets) or the bending moment
(for short sheets) for the exposed and unexposed specimens, determined at the 95 % confidence level after
50 soak-dry cycles, shall not be less than 0,70.

© 1SO 2011 — All rights reserved 11
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5.5 Requirements concerning fire behavior

For the purpose of conformity with national regulations, products can be required to satisfy specific product or
system fire tests. The details of the specifications and acceptance criteria shall be defined by national
standards and/or regulations. Where no standard or performance requirement has been established, the
product shall be tested in accordance with ISO 12468-1 and the results classified in accordance with
ISO 12468-2.

5.6 Product performance

The categories and classes of fibre-cement profiled sheets defined in this International Standard might not be
considered igive an indication of the service life of the product. Product service life is influenced by, factors

such as the geographical location, location of the product on the structure, type and method of installatiop and
applied surface coatings. This International Standard defines only minimum physical performance
requirementd and does not prescribe material formulations. Therefore, it cannot be presumed that"the sg¢rvice
life of fibre-cement profiled sheets of similar category and class made by various manufacturers are similar.
Service life ¢an be estimated only for clearly specified product applications and productshin’ defined climate
zones.

5.7 Requirements concerning impact resistance
For the purppse of conformity with national regulations, roof assemblies may be required to satisfy specific
requirementq related to non-fragility in an effort to reduce the risk of people falling through roofs. The detIiIs of
the test spegifications and acceptance criteria shall be defined by national standards and/or regulatiofs. In
case information is required on the performance of the product$stused in the construction of sucH roof

assemblies, [fibre-cement profiled sheets shall be tested by soft-body impact in accordance with the test
method in EN 15057.

6 Evaluation of conformity

6.1 General

The conformity of fibre-cement profiled sheets and fittings with the requirements of this International Stapdard
shall be dempnstrated by

— type tesling, and
— quality cpntrol by the manutfacturer.
6.2 Type testing

6.2.1 Gengdral

Type tests shall be performed on products as delivered. If the same composition and production method is
used to produce sheets of various nominal sizes and thicknesses, it is necessary to perform type tests only on
one size of each nominal thickness.

Table 5 lists the characteristics that shall be subject to type testing, with the minimum performance
requirements and methods of test. All characteristics listed in Table 6 shall be subject to initial type testing.

6.2.2 Initial type testing

Initial type testing shall be performed to demonstrate conformity with this International Standard. Tests that
have been carried out previously on a product having the same physical characteristics and satisfying similar
conformity requirements and using the same test method and sampling procedure specified in this
International Standard may be taken into account.
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For initial type testing where production variance is not yet known, an estimate of the average characteristic at
the 95 % confidence level shall be calculated.

Further type testing shall be carried out for the approval of a new product or where a fundamental change in
formulation or method of manufacture creates effects that cannot be predicted on the basis of previous

expe

rience.

The results of all type tests shall be recorded and held by the manufacturer for at least five years.

6.2.3 Additional type testing

Whe

prody

mever a change IS made In the design ot the fibre-cement profiled sheets, In the raw mate

performed for the appropriate characteristic(s).

Table 5 — Type testing and property evaluation requirements

ials or in the

ction process that significantly changes one or more of the product characteristics, the typg test shall be

Physical property Minimum te§t performance Test conditions Reference for|test method
requirement

Watgr permeability 544 7.3.5 Anneix G
Freere-thaw test 545 7.3.6and’7.3.7 Annex H

Heattrain test 5.4.6 7.3.8 Anngx |

Warrh water test 547 7.3:9 and 7.3.10 Anngx J

Soal-dry test 5.4.8 7.3.11and 7.3.12 Anngx K

6.3 [ Quality control (QC) system

6.3.1] General
The manufacturer shall establish and ‘maintain a documented QC system that ensures that the products

placgd into the market conform to‘the stated performance characteristics. The QC system sh
procgdures, regular inspections™and tests and/or assessments of the incoming materials,
manyfacturing equipment, manufacturing process and the product.

A m4

meet|the above requiréments.

The

results of inspections, tests or assessments that require action shall be recorded, toge

remedial actionsytaken.

©I1SO

all consist of
components,

nufacturer who establishes a quality management system in accordance with ISO 9001 is ¢onsidered to

her with the
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Table 6 — Number of samples and compliance criteria

Characteristic Reference for Number of Reffarence f_or _
assessment method samples compliance criteria
Dimensional conformity (sheets and fittings) 7.2.2 and Annex B See 6.3.2.2 5.3.2t05.3.6
Breaking load and bending modulus 7.3.2 and Annex C See 6.3.2.2 | 54.2.2,54.2.3 and Table 3
Bending moment 7.3.3 and Annex D See 6.3.2.2 5.4.2.4 and Table 4
Apparent density (sheets) 7.3.4 and Annex F See 6.3.2.2 543
Water permeability 7.3.5 and Annex G 3 sheets 544
Freeze-thaw performance (sheets) 7-3.6 and Annex t fOsamples 54751
Freeze-thaw performance (fittings) 7.3.7 and Annex H 5 samples 5452
Heat-rain performance 7.3.8 and Annex | 4 samples 5.4.6
Warm water gerformance 7.3.90r7.3.10 and Annex J | 10 samples 5.4.7
Soak-dry performance 7.3.110r 7.3.12 and Annex K| 10 samples 54.8

6.3.2 Acceptance tests

6.3.2.1
carried out a

When samp
under condit
(see Annex B

Acceptance

an earlier stage of maturity.

ons other than those in Table 7 is acceptable, provided-that it has been statistically establ
) that compliance with the requirements in Table 5 isachieved.

ests may also be used to confirm that a batchy,of profiled sheets conforms to this Interna

Standard, e.g. in conjunction with type tests or for receiving inspection.

The tests inc

measurg

measure
(method

measurg
Each limit of
6.3.2.2

a) for fibred

ude

ments of dimensions: length, width._and thickness (method specified in Annex B);

5 specified in Annexes C and/D);

ment of apparent density (method specified in Annex F);
specification forthe’ characteristics in Table 6 shall be subject to an AQL of 4 %.
Minimum sampling schemes shall be carried out as follows:

cement.-profiled sheets:

pitc

N: in accordance with 1ISO 2859-1;

ment of mechanical characteristics: breaking load, bending modulus and bending mg

The specifications of acceptance tests apply to the product as{delivered, but the tests may be

ing from continuous production, testing of fibre-cement ‘profiled sheets prior to coating gnd/or

shed

fional

ment

14

height of corrugations:

height of edges, where applicable:
height of edges, where applicable:
height of edges, where applicable:
breaking load and bending modulus:
bending moment

apparent density

inspection by attributes;

double sampling;

AQL 4 %;

level Sq;

in accordance with 1ISO 3951-1;
inspection by variables, method ¢ or s;

AQL 4 %, level S5
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b) for fibre-cement fittings:

— length and width: in accordance with 1ISO 2859-1, inspection by attributes, double sampling;

— thickness: AQL 4 %, level S;.

6.3.3 Equipment

All weighing, measuring and testing equipment shall be calibrated and regularly inspected according to
documented procedures, frequencies and criteria.

6.3.4] Raw materials and components

The ppecification of all incoming raw materials and components shall be documented;)as [shall be the
inspgction scheme for ensuring conformity.

6.3.5| Product testing and evaluation

The manufacturer shall establish procedures to ensure that the stated values' of all the charagteristics are
maintained.

6.3.6] Non-conforming products

Non-gonforming products shall be separated and handled according to documented procedures.

6.4 |Inspection of a consignment of finished products

Inspgction of a consignment of finished products isthot a requirement of this International Standard but if, in
special cases, this is demanded by the customer, it may be conducted in accordance with Annex A and
ISO 390.

7 Test requirements

7.1 | General

Requirements for both acCeptance and type testing are given in 7.2 and 7.3.
7.2 | Dimensionalhand geometrical tests

7.2.1| General

The measurements shall be made on profiled sheets and fittings as delivered, using the apparatus and
procadures given in Annex B

7.2.2 Number and conditioning of specimens
The test shall be performed on whole (complete) sheets and fittings as delivered and without conditioning.

For type-testing, five sheets or fittings shall be taken; for acceptance testing and production control purposes,
the minimum sampling scheme (6.3.2.2) is applied.

© 1SO 2011 — All rights reserved 15
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7.3 Physical performance tests

7.3.1 General

Details of the number, preparation and conditioning of specimens for different tests are given in 7.3.2 to
7.3.12. Details of the test method and the apparatus for each test are given in Annexes B to K.

7.3.2 Breaking load and bending modulus

NOTE See Annex C.

For type-testling, 10 specimens shall be taken; for acceptance testing and production control purposes, the
minimum sampling scheme (see 6.3.2.2) is applied.

The test spe¢imen shall be either a complete sheet (full length and width) or a transversely cut sheet (requced
length, full wlidth) with a minimum length of 1,20 m. If specimens with full width cannot bevtested, the width
may be reduged by longitudinal cutting to a minimum of two complete corrugations, for sheget categoried C, D
and E, and 4 minimum of three complete corrugations for sheet categories A and B. Te avoid the introdyiction
of additional ptress due to the longitudinal cutting, the width shall be slightly oversized,-as shown in Figure 4.

A

4 ” :
™~ 8 A

—

i\ B /i

Key
A trace of qutting
B  corrugatipn valley axis

Figure 4 — | ongitudinal cutting of specimens

Testing shall be carried out after wet conditioning except that, for quality control purposes, dry testing can be
carried out providing it is statistically established (see Annex E) that compliance with the requirements for wet
testing given in Table 3 is ensured.
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Prior to testing, specimens shall be conditioned in accordance with Table 7.

7.3.3

Table 7 — Conditioning

ISO 10904:2011(E)

Test

Conditioning procedure

Acceptance test, wet

24 h immersion in water

Acceptance test, dry 7 d + 1 d in ambient laboratory conditions?

Prior to the bending test

Type test 7 d £ 1d in ambient laboratory conditions

followed by 24 h immersion in water

a

For the purpose of this International Standard, ambient laboratory conditions (3.15) are a
temperature of 23 °C £ 10 °C and a relative humidity of (50 + 20) %.

Bending moment

NOTH See Annex D.

For t

minimum sampling scheme (see 6.3.2.2) is applied.

ype-testing, 10 specimens shall be taken; for acceptance testing and production control gurposes, the

The test specimen shall be taken from a complete sheet by cutting it transversely to a length of at least 0,3 m

but n

Sped|
and ¢

[see
pitch

F

bt more than 0,4 m and longitudinally, avoiding the edge<cerrugations, to a width as describgd below.

mens of sheets of constant thickness, as shown in\Figure 2 a), should have a crown at thg centre point
ne full pitch either side plus an overlap on the:stipport bearers to a maximum of half a pitch each side
Figures 5 a) and 5 b)]. If the sheet width does-not allow this, then reduce the sheet width fo half of one
each side of the central crown plus an overlap as defined above [see Figure 5 c)].

©I1SO

a)

Figure 5 (continued)
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A
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rigid plate
10 mm felt strip or smooth plate

1/2 pitch max

Figure 5 — Apparatus for the bending moment test

[s

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=adc04d699ddea1e3c7fd5e388b5bdaab

ISO 10904:2011(E)

It is recommended that sheets of variable thickness as shown in Figure 2 b) have a valley at the centre point
and one and a half pitches either side plus an overlap on the support bearers to a maximum of half a pitch
[see Figures 5 d) and 5e)].

Testing shall be carried out after wet conditioning except that, for quality control purposes, dry testing can be
carried out providing it is statistically established (see Annex E) that compliance with the requirements for wet
testing given in Table 4 is ensured.

Prior to testing, specimens shall be conditioned in accordance with Table 7.

7.3.4 Apparent density

NOTH See Annex F.

For type-testing, 10 specimens shall be taken; for acceptance testing and productionycontrol gurposes, the
minimum sampling scheme (see 6.3.2.2) is applied.

The fest specimen shall be cut from a sheet to a length of at least 40 mm and a'width of one ful| corrugation.
Specimens are preferably taken from the specimens used for the bending test!

7.3.5| Water permeability
NOTH See Annex G.
Thre¢ sheets as delivered shall be tested.

The lest shall be made on a whole (complete) sheet or'a*transversely cut sheet (reduced length, full width)
with @ minimum length of 1,20 m.

Prior|to testing, the specimens shall be kept for Z d+ 1 d in ambient laboratory conditions.

7.3.6| Freeze-thaw test for long and short'sheets
NOTE See Annex H.

In total, 20 specimens are required out of at least 10 different full-size, as-delivered sheets. Spgcimens shall
be cuUt from the sheets, avoiding'the edges, to a size conforming to the requirements for the bending moment
test (bee 7.3.3).

A firgt lot of 10 randemly selected specimens shall be conditioned as detailed in Table 7 and subjjected to the
bend|ng moment test."The second lot, of the 10 remaining specimens, shall be immersed in watgr at ambient
temperature (>5¢(°C) for 48 h prior to freeze-thaw cycling. At the end of this period, the second lot of
specimens is eonditioned and subjected to the bending moment test in the same way as for the fifst lot.

7.3.7| (Freeze-thaw test for fittings

NOTE See Annex H.
Out of five different, as-delivered fittings, five specimens are cut of at least 200 mm x 200 mm. However, full-

size fittings may also be used. These specimens shall be immersed in water at ambient temperature (> 5 °C)
for 48 h prior to freeze-thaw cycling. The freeze-thaw cycle is the same as for sheets.

7.3.8 Heat-rain test
NOTE See Annex |.

The number of sheets depends on the size of the frame on which the sheets are being mounted for exposure
to the heat-rain cycles, taking into account the appropriate side and end overlaps as is common practice for
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roofing. At least four full-size sheets or at least four sheets with their length reduced to not less than 1,20 m (in
case of longer sheets) but of full width shall be tested.

The specimens shall be kept for 7 d + 1 d in ambient laboratory conditions prior to heat-rain cycling. Care shall

be taken to s

eparate the specimens to allow air circulation during this period of storage.

7.3.9 Warm water test for long sheets

NOTE

See Annex J.

In total, 20 specimens are required out of at least 10 different full-size, as-delivered sheets. Specimens shall

be cut longitpidinally fTrom the middle of a complete sheet 10 a widih of two complete corrugations of,

sheet is not

ide enough, to a width of one complete corrugation. The longitudinal cutting shall be in the

a little beyor]d the corrugation-valley axis as indicated in Figure 4. Specimens shall be cut transversely
length allowing a clear span for the breaking load test of at least 12 times the height of the corrugation.

A first lot of 10 randomly selected specimens shall be conditioned as detailed in Table 7 and’subjected {

breaking lo

test. The second lot, of the 10 remaining specimens, shall be submitted to warm-

exposure. Af the end of this period, the second lot of specimens is further conditioned and subjected f

breaking loa

test in the same way as for the first lot.

7.3.10 Warm water test for short sheets

NOTE S

In total, 20 s
be cut from
moment test

A first lot of

e Annex J.

becimens are required out of at least 10 different full-size, as-delivered sheets. Specimens
the sheets, avoiding the edges, to a size conforming with the requirements for the be
(see 7.3.3).

0 randomly selected specimens shall be conditioned as detailed in Table 7 and subjected {

bending momnent test. The second lot, of the 10 remaining specimens, shall be submitted to warm-

exposure. Af
bending mon

7.3.11 Soak

NOTE S
In total, 20 s
be cut longit
sheet is not v
a little beyon
length allowi

the end of this period, the second lot'6f specimens is further conditioned and subjected f
nent test in the same way as for the-first lot.

-dry test for long sheets
e Annex K.

pecimens are required out of at least 10 different full-size, as-delivered sheets. Specimens
ldinally from thesmiddle of a complete sheet to a width of two complete corrugations or,

vide enough,40.a"width of one complete corrugation. The longitudinal cutting shall be in the

d the corrugation-valley axis as indicated in Figure 4. Specimens shall be cut transversely
g a clearspan for the breaking load test of at least 12 times the height of the corrugation.

A first lot of

O.randomly selected specimens shall be conditioned as detailed in Table 7 and subjected {

if the
alley
to a

o the
water
o the

shall
hding

o the
water
o the

shall
if the
alley
toa

o the

breaking load test. The second lot, of the 10 remaining specimens, shall be submitted to the soak-dry cy

cling.

At the end of this period, the second lot of specimens is further conditioned and subjected to breaking load

testing in the

7.3.12 Soak

NOTE

same way as for the first lot.

-dry test for short sheets

See Annex K.

In total, 20 specimens are required out of at least 10 different full-size, as-delivered sheets. Specimens shall
be cut from the sheets, avoiding the edges, to a size conforming with the requirements for the bending

moment test

20

(see 7.3.3).
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A first lot of 10 randomly selected specimens shall be conditioned as detailed in Table 7 and subjected to the
bending moment test. The second lot, of the 10 remaining specimens, shall be submitted to the soak-dry
cycling. At the end of this period, the second lot of specimens is further conditioned and subjected to the
bending moment test in the same way as for the first lot.

8 Marking

Product packaging and/or commercial documents accompanying the delivery shall contain the following
information:

a) ade mark or other means of manufacturer identification;
b) e number of this International Standard;

c) gize and or name (for sheets only);

d) product category and class (for sheets only);

e) date of manufacture;

f)  INNT, where required.

A minimum of 15 % of the profiled sheets in each delivered unit.shall be durably marked with at least items a)
and ¢) from the above list. Where required, the same amount.ofyprofiled sheets shall be marked with item f).

NT is the normal marking for fibre-cement products not ‘containing asbestos. This marking should not be
confysed with the registered brand name, NT, in some:countries.
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Annex A
(normative)

Consignment and inspection sampling

A.1 General

This annex dfives details of a system for inspecting and sampling a consignment of finished products (see
that may, byl agreement between the manufacturer and the purchaser, be included in a tender(or ‘pr
order.

NOTE Compliance with 6.4 is not a requirement of this International Standard

A.2 Sampling

A.21 Wheh specified, the acceptance sampling shall be made on lot(s) of the consignment in accorg
with the tes{ programme of the relevant product standard, unless therg. i$ "a special agreement. Ta

therefore, sp

Details relate
purchaser.

A.2.2 After
parties, from
manufacture
and marked
inspection lo

sheets g

sheets g

fittings:

beifies which characteristics are tested.

d to the application of this sampling subclause shall be agreed between the manufacture

agreement on the sampling procedure, sampling shall be carried out in the presence of

6.4),
bduct

ance
ble 6,

I and

both

lot(s) that are being delivered to the purchaser. If the inspection lot(s) are not yet formed, the

" should present to the purchaser the stegk(s) from which the inspection lot(s) can be sel
Unless otherwise agreed between manufacturer and purchaser, the maximum and min

s shall be as follows:

f length less than 1,5 m: minimum 400 sheets and maximum 8 000 sheets;

f length 1,5 m and greater: minimum 200 sheets and maximum 3 000 sheets;

minimum 200 fittings and maximum 400 fittings.

A.3 Testi

9

The tests shill beymade in the laboratory of the manufacturer or by an independent laboratory selectg
mutual agregment between the manufacturer and the purchaser. In case of dispute, the tests sha
performed inlthe: presence of bhaoth Inartipe

bcted
mum

bd by
Il be

A.4 Non-destructive tests

When non-destructive tests are performed and the result of the sampling inspection does not meet the
acceptance requirements of this International Standard, the tests shall be required on each item of the
consignment. The units of the consignment that do not meet the requirements when tested individually may be
refused and disposed of, unless otherwise agreed between manufacturer and purchaser.

22
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Annex B
(normative)

Dimensional and geometrical testing procedures

General

This
dime
this |
B.2

Profil
pitch

Fittin
width

B.3

B.3.1
B.3.1

B.3.1
diam

B.3.1

B.3.1

B.3.

Lay t
in co

annex gives the details of the measuring apparatus and procedures that can be used for
hsional and geometrical measurements and the determination of compliance with the, reqg
hternational Standard.

Principle

ed sheets are measured to determine compliance with the requirements-of this International
height of corrugation, length, width, thickness, out-of-squareness and height of edges.

s are measured to determine compliance with the requiremehts of this International Standa
and thickness.

Measurement of pitch and height of corrugation for sheets

Apparatus
1 Surface, smooth, flat, with dimensions appropriate to the dimensions of the sheets.
.2 Bars, cylindrical, steel, 200.mhm long, with conical points fitted at the axis on one er
bter large enough to touch the flanks of the corrugations of the sheet.
.3 Micrometer, with@ hemispherical head accurate to 0,1 mm.
4 Ruler, metal{graduated, accurate to 0,5 mm.

P Procedure)for measuring the pitch,

he sheet§.flat and square on the surface (see Figure B.1), ensuring that the valley of every ¢
htact with it.

©I1SO
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Key
A surface (

At one end
extending sl

Measure with

2011(E)

Dimensions in millimetres

/ 50

w3

Emooth, flat)

Figure B.1 — Measurement of the length _and width

the ruler, to the nearest 0,5 mm, the distance between consecutive conical points.

Any other mg¢thod of measurement with the same accuracy may be used.

Each measu

ement of the pitch shall be compared to the specification given in 5.3.5.

bf the sheet, lay the cylindrical bars in each valley. of the corrugations, with the conical [point
phtly over the end of the sheet (see Figure B.2).

24
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A graduated metal rule
B  conical point

C cylindrical bar

Figure B.2 — Measurement of the pitch
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B.3.3 Procedure for measuring the height of corrugation, /

Lay the sheets flat and square on the surface (see Figure B.1), ensuring that the valley of every corrugation is
in contact with it.

Select three complete corrugations, or all complete corrugations if fewer than three, and on each selected
corrugation take three regularly spaced measurements to the nearest 0,1 mm with the micrometer; see
Figures B.3 a) and B.3 b)

Any other method of measurement with the same accuracy may be used.

Compare eag¢ttTesuitthatistheaverage of three measurements omeach corrugation to the specificationmgiven
in 5.3.5.

=

—
P
N
—
e
e
T —

a)

Figure B.3 (continued)
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N7 N’ N’ N’ N’

—
L]

SN T\

b)

Figure B.3 — Measurement of.the height of corrugations and thickness

B.4 |IMeasurement of length and width of sheets

B.4.1 Apparatus

B.4.1.1 Surface, smooth, flat, with dimensions appropriate to the dimensions of the sheets.
B.4.1.2 Ruler, graduated in millimetres.
B.4.1.3 Caliper blocks, two, rectangular.

B.4.2 Procedure

Lay the sheet flat and square on the surface (see Figure B.1), ensuring that the valley of every corrugation is
in contact with it.

To measure the length, take three measurements, one in the middle and one approximately 50 mm from each
side, or further to avoid mitred corners; see Figure B.1.

To measure the width of sheets longer than 0,9 m, take three measurements, one in the middle and one
approximately 50 mm from each end, or further if necessary to avoid mitred corners. For sheets of nominal
length equal to or shorter than 0,9 m, take two measurements approximately 50 mm from each end; see
Figure B.1.

Read each measurement to the nearest millimetre. Calculate the arithmetic average of the length and width
and compare them with the specifications given in 5.3.5.
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B.5 Measurement of the thickness of sheets

B.5.1 Apparatus

B.5.1.1

Micrometer, with hemi-cylindrical plates (see Figure B.4), accurate to 0,05 mm.

Dimensions in millimetres

Ro

I

B.5.2 Proc|

Take six msg
follows.

For she

shown in Figure B.3 a).

Each individ
(see 5.3.2),
the specifica

B.6 Meas

B.6.1 Apparatus

B.6.1.1

B.6.1.2

B.6.1.3
device to chq

For shegts of type B, take the measurements on six sides of‘the corrugations, as shown in Figure B.

L\

Figure B.4 — Hemi-cylindrical plate for measurement of thickness

edure

asurements, to the nearest 0,1 mm, approximately 15 mm in _from the end of each she

pts of type A, take the measurements in three valleys and three crowns of the corrugatio

al measurement shall be compared with the @ppropriate minimum thickness specified in T3
nd the arithmetic average of the six measurements made on one sheet shall be compareg
ions given in 5.3.5.

irement of out-of-squaréeness of sheets

Burface, smooth, flat;-with dimensions appropriate to the dimensions of the sheet.
Ruler, graduated; metal, accurate to 0,5 mm.

Frame,_rectangular, with two corrugated ends and two straight sides or any other appro
ck theysquareness of ends with respect to corrugations, with an accuracy of 1 mm.

et as

B b).

ble 2
with

Driate

B.6.2 Proc

dure

Lay the sheet flat and square on the surface, ensuring that the valley of every corrugation is in contact with it.

Measure the

out-of-squareness at each end, as indicated in Figure B.5, for example.

Compare the results, expressed in millimetres, with the specification given in 5.3.5.

28
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K /LA

v

Key
A ¢ontrol area

Figure B.5 — Measurement of out-of-squareness

B.7 |[Measurement of the height of edges for sheets

B.7.1 Apparatus

B.7.1.1 Surface, smooth, flat, with dimensions appropriate to the dimensions of the sheet.
B.7.1.2 Device, for measuring the height, 7, of the ascending corrugation.
B.7.1.3 Device, farmeasuring the height, 7,4, of the descending corrugation.

B.7.2 Procedure

Lay the sheet-flat and square on the surface, ensuring that the valley of every corrugation is in conptact with it.

Use the-measuring devices to measure, to an accuracy of 1 mm, the height of both edges, as in Higure 3.

Compare the results, expressed in millimetres, at any point on the edges of the sheet with the specification
given in 5.3.5.

B.8 Measurement of length and width for fittings

B.8.1 Apparatus

The apparatus is the same as for sheets.
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B.8.2 Procedure

For each dimension, take two measurements (one at each end). Read each measurement to the nearest
millimetre.

Calculate the arithmetic average for each dimension and compare with the specification given in 5.3.6.

B.9 Measurement of thickness for fittings

B.9.1 Apparatus

The apparatys is the same as for sheets.

B.9.2 Procedure

Make the mgasurements
— on three|crowns and three valleys on the corrugated parts, at approximately 15.mm from the edge, ahd
— on two distinct points on the flat part, at approximately 15 mm from the edge.

Calculate th¢ average of the six measurements made on the corrugated part, and the average of the¢ two
measuremer]ts made on the flat part. Compare these two averages with the specification given in 5.3.6.

B.10 Test report
The test repqrt shall contain the following information:
— areferefce to this International Standard;

— all details necessary for complete identification of the batch of profiled sheets or fittings from Wwhich
sample sheets or fittings are taken;

— nominal[dimensions of the testrsheets or fittings;
— test equipment details;
— test temperature and.condition of the test pieces;

— measurgd values-from the tests and conclusions as to compliance with the specifications;

— date of tpsting.
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CA

This

ISO 10904:2011(E)

Annex C
(normative)

Test method to determine the breaking load and
the bending modulus of sheets

'General

Annex gives a method of test for measuring the breaking load and calculating the bending modulus of

fibreqcement profiled sheets and the procedures used for the determination of ncompliarjice with the

requifements of this International Standard.

C.2

A profiled sheet or a specimen cut from a sheet is supported at two)longitudinal ends and
mid-gpan to a flexural bending load until failure occurs (three-point bending). The load/deflection
as well as the failure load, is recorded.

C.3 [Measurement of breaking load
C.3.1 Apparatus
C.3.11 Bending test machine, with a ¢onstant rate of deflection when applying the loag

facility is not available, a constant rate of leading is acceptable), with an error of accuracy an
repeatability less than or equal to 3 %; see Figure C.1.

This

Principle

machine is comprised of the follewing:

upper surface of each(support shall be flat and 50 mm wide; the distance between the supy
get to give a clear span of 1,1 m;

om them; it'shall be attached to the mechanism by means of a flexible joint;

three strips of felt or soft material approximately 10 mm thick.

© 1S0O 2011 — All rights reserved

subjected at

relationship,

(where this

H an error of

two parallel supports (one.fixed), set in the same horizontal plane and longer than the sample width; the

orts shall be

1rigid, flat loadihg beam, 230 mm wide, of the same length as the supports and parallel and equidistant
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Dimensions in millimetres

A

<

Key
A

a

strips of f
Is=110(

C.3.2 Proc|

For sheets H
height of the

For sheets s
corrugations
to1,1m.

Place the specimen on the supports-(the upper face in compression), which are at right angles t

corrugations
beam, distrib

Measure the
0,1 mm, and

readings, use¢ at least.six pairs of readings.

The rate of Id

elt of soft material
mm.

Figure C.1 — Breaking load,test

edure

aving a height of corrugation greater than 80 mm, increase the span to at least 15 time
corrugation.

horter than 1,2 m, reduce the clear span to a minimum of 700 mm or 12 times the height
whichever is greater, and reduce the width of the loading beam by the ratio of this clear

After interposition of 'strips of felt or soft material, load the specimen at mid-span using th
uting evenly the lpad-applied on its centre.

deflection, eXxpressed in millimetres, at mid-span (below the loading head) to an accurg
plot these values against the corresponding loads. If the deflection is determined by incren

ading'shall be such that the rupture occurs between 10 s and 45 s after the start of its applig

s the

pf the
span

b the
e flat

cy of
ental

ation.

Record the load at rupture, i.e. maximum load, F.

C.3.3 Calculation of breaking load per metre of width

The breaking load per metre of width, F, expressed in newtons per metre, is given by Equation (C.1):

S

32

F :£><1O3
b

(C.1)
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where
F is the load at rupture, expressed in newtons;
b is the dimension of the specimen parallel to the supports, expressed in millimetres.

When a span length, /g, other than 1 100 mm is used, the breaking load, F, per metre width for comparison
with Table 3 is as given in Equation (C.2):

Is 103 (C.2)

F =
s 1100

SRS

wherg [ is the clear span between the supports, expressed in millimetres.
The results shall be compared with the appropriate specification given in Table 3 for the \breaking [load.

C.3.4 Calculation of bending modulus (modulus of elasticity)

The bending modulus, E,,, expressed in newtons per square millimetre, of each of the specimens|is calculated
as giyen in Equation (C.3):

Em:(Fo,ss—FoAs)(ls)3 (€3)

481 (fo,55 - fo,15)

wher

w

is the span, expressed in millimetres;

5

F055 —Fo15 is the increment of load, expressed in newtons per metre, on the straight line portion of
the load-deflection curve; see Figure C.2;

/055 — /015 is the increment’ of deflection, expressed in millimetres, at the mid-span of the test
specimen, corfesponding to F 55 — F 15;

1 is the moment of inertia of the section around a horizontal axis through the center of
gravity expressed in mm#;

(015 shall be approximately 15 % of the maximum load;
(0,55 shall be approximately 55 % of the maximum load.

The bending-modulus for each specimen shall be expressed to four significant figures.

The eciltie chall ha caominarad with tha Aot~ o Aot A AN N BE A 9D 2Q farthn hanaAin~ ]odulus
ICoorto—STan oCCoOmTPaTrCO Wit tnCa P pPTropratC-op e omCatiorTgrv o i OT o o S oy .
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Y
Fs /‘\
\
0,55F4 .
F0,55 o
0A5ES
Foas -
fo,15 fo,ss X

Key
X  deflection, expressed in millimetres
Y load, expfessed in newtons per metre

Figure C.2 — Measurement of deflection during breakingload test

C.4 Test neport
The test repqrt shall contain the following information:
— areferefce to this International Standard;

— all details necessary for complete identification of‘the batch of profiled sheets from which sample sheets
were taKen;

— dimensipns of the test specimen;

— test equipment details;

— test temperature and condition.ef the test pieces;
— measurgd and calculatedvalues from the tests and conclusions as to compliance with the specificatipns;

— date of testing.
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Annex D
(normative)

Test method to determine the bending moment of a sheet

General

This
procg

D.2

Bnnex gives a method of test for measuring the bending moment of fibre-cement profiled’sh
dures used for the determination of compliance with the requirements of this Internatignal'S

Principle

A spgcimen cut from a profiled sheet is supported at two ends and subjected-at mid-span to a fle

load

D.3

D.3.]

D.3.1

intil failure occurs (three-point bending).

Measurement of bending moment

Apparatus

N Bending test machine, with a constant rate of deflection when applying the loaq

faciliy is not available, a constant rate of loading is @cceptable) and with an error of accuracy ar

repeg

This

— 1

tability less than or equal to 3 %.

machine is comprised of the following:

eets and the
andard.

ural bending

(where this
d an error of

wo parallel supports (one fixed), set/in the same horizontal plane and longer than the sample width; the

flace of each support shall be rounded to a radius of 3 mm to 25 mm;

D.3.

ither a loading bar for sheets, as shown in Figure 5 a), 5 b) or 5 ¢), or a rigid loading bea

m of suitable

idth for sheets, as shown in Figures 5d) and 5e), longer than the sample length, parallel to the

upports and located-at the same distance of each of them; it shall be attached to the m
eans of a flexibléjoint;

trip of felt ar,Soft material approximately 10 mm thick, longer than the sample length and w
pading bar or the rigid beam.

? Procedure

echanism by

ider than the

Place the specimens on the supports (the upper face in compression) and, after interposition of strips of felt or
soft material [see Figures 5 a) to 5 e)], load in the middle at the top of a corrugation, using the loading bar or
the rigid beam, depending on the type.

Adjust the rate of loading such that the rupture occurs between 10 s and 30 s after the start of its application.

Record the load at rupture, F.

©I1SO

2011 — All rights reserved
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D.3.3 Calculation of bending moment per metre length

The bending moment, M, at rupture per metre length, expressed in newton-metres per metre, is given by
Equation (D.1) for sheets of constant thickness [see Figure 2 a)] and by Equation (D.2) for sheets of variable
thickness [see Figure 2 b)]:

M= FX[S (D1)

4xb
where

F is the load at rupture, expressed in newtons;

b is the width of the specimen, expressed in millimetres;

I is the span, expressed in millimetres;

=l
6xb (D.2)

The results shall be compared with the appropriate specification given in Table 4.

D.4 Test neport
The test repgrt shall contain the following information:
— areference to this International Standard;

— all details necessary for complete identification _of the batch of profiled sheets from which sample sheets
were taKen;

— dimensigns of the test specimen;

— test equipment details;

— test temperature and condition,of the test pieces;
— measurgd and calculatéd values from the tests and conclusions as to compliance with the specificatipns;

— date of testing.
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Annex E
(normative)

Statistical method for determining the corresponding wet values or
revised dry specifications for the breaking load and/or bending moment
when carrying out the dry method of test or when testing prior to coating
for quality control purposes

E.1 |Procedure

Sample at least 20 sheets. Cut them into paired specimens for either the breaking-load test|described in
Annex C or the bending moment test described in Annex D.

Cut Hoth specimens of a pair from the same sheet and give each the same.aumber.
Test pne set of specimens wet and one set of specimens dry for breaking-load or bending moment.

From| the paired results, determine whether there is a correlation‘between them at a 97,5 % confidence level,
usingd the method in E.2.

If thefe is no significant correlation, then dry testing cannot.bé used. If the correlation is positive, then continue
as follows.

a) [Petermine the regression line, using the methdad described in E.3.

b) [Determine either of the following:

— a wet value for each specimen.from the obtained dry value, using the method described jin E.4;

+ arevised minimum valuefor use as the specification for dry testing corresponding to thé appropriate
minimum value for wet testing as specified in this International Standard, using the method described

in E.5.

E.2 |Determination of the correlation between the results of testing wet and|dry
specimens

Calcylate thecoefficient of correlation between wet and dry values using Equation (E.1):

r= =1 (E.1)

where
n is the number of paired specimens;
x; is the individual value of the ith specimen tested dry;

1

v; is the individual value of the ith specimen tested wet;
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is th

=|

y isth

Calculate the

r

Compare ¢ to

1-r

e mean value of x; for i = 1 to »;

e mean value of y;fori=1 to n.

value of the statistical parameter, ¢, from Equation (E.2):

(E.2)

the Student's coefficient, ¢ 925/,

If n =20

Forn > 2

If 1> 16 025/(-
line is straigh

E.3 Deter

The equation

then t07025/n_2 = 2,101 .
0, refer to Student's ¢ tables.

2): there is a significant relationship between the results of wet and dry testing.and the regression

t. Dry testing can be carried out for quality-control purposes.

mination of the regression line

of the regression line is given in Equation (E.3):

y=o+ ffx (E.3)
Calculate thg values of g and o from Equations (E.4) and (E.5)\respectively:
n
2 i =)(vi-7)
p== (E.4)
n
2
Z(xi - )
=1
a=7y-PBx (E.5)
A plot of the fegression line is shown in Figure E.1.
E.4 Determination ‘of a value for wet testing from an obtained value for dry testing
Calculate the residual standard deviation, s, also called the standard error of the estimate, |from
Equation (E.f):
C 2
Z(yi - a—ﬁxi)
i=1
= E.6
s (n—2) (E.6)
Calculate the value for wet testing from Equation (E.7) using the obtained dry value, x:
2
n+1 Xog—X
vo = (e n( 0~ %) (E.7)

38

+ﬂx0)‘gt0,025/n2\} P
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where
x, is the actual result obtained when dry testing;

Yo is the value calculated from x,, which is the estimate at the lower 97,5 % confidence level of the
value expected from wet testing.

—_— |f n= 20, then t0,025/l’l—2 = 2,101 .

—  For n> 20, refer to Student's ¢ tables.

For noutime—quatity—controttesting;individuat—vatoes—of Vo can be—catcutated—each—time—or,—alfernatively, a
suitable range of values for x, can be substituted into Equation (E.7) to construct a plot ,0of\\, vs y, (see
Figure E.1) from which future values can be read.
E.5 [Determination of the minimum value specified for dry testing, =, corr¢gsponding
to the minimum value specified for wet testing in this International Standard, v
Plot the line for x, vs y, by substituting a suitable range of values for x, into Equation (E.7).
Read the value for x4 corresponding to the value for y from the graph, as shown in Figure E.1
Y 4
b
a
Ystd
Yo Y
Xo Xstd X
Key
X dry values, x,
Y wet values, y,
Vstd minimum value specified in this International Standard for wet testing
Xstd minimum value specified for dry testing, calculated from yqq at the 97,5 % lower confidence level

@  Values from Equation (E.7).
b Regression line.

Figure E.1 — Regression line for wet/dry values with lower confidence level
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Annex F
(normative)

Test method to determine the apparent density

F.1 General

This annex g
sheets. This

F.2 Princ

The volume
then measur

ives the test method for determination of the apparent density (see 7.3.4) of fibre-cement’pr
s the average density of the material and its pores.

ple

bd. The apparent density is determined by calculation from the measured/values.

F.3 Apparatus

F.3.1 Oven, ventilated, capable of achieving a temperature of 100:2C + 5 °C with a full load of specim
F.3.2 Balance, accurate to within 0,1 % of the specimen mass, equipped to determine both the imm
mass and the non-immersed mass of the specimen.

F.4 Test procedure

Immerse spe

Take saturat
displaced by
having an eq

Remove spe
100 °C £ 5 °
weighings of

cimen in water for at least 24 h.

bd specimen, remove excess\water from surfaces and then determine the volume, V, of the
the saturated specimen(when placed into a water bath. Record this value. Any other m
uivalent accuracy maybe-used.

C until the specimen has reached constant mass, determined as a difference between succe
less than 0;1°% in any 24 h period. Record this value as m.

pfiled

bf a saturated specimen is determined by immersion in water. The specimen's oven-dry mass is

water
bthod

cimen from waterCbath and place it into a ventilated oven that is maintained at a temperatdre of

ssive

F.5 Calcm1lation of apparent density

The apparent density, p, expressed in grams per cubic centimetre, is given by Equation (F.1):

_m
P vV
where

m

14

40

is the mass, expressed in grams, of the test piece after drying;

is the volume of the specimen, in cubic centimetres.
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F.6 Test report
The test report shall contain the following information:
— areference to this International Standard;

— all details necessary for complete identification of the batch of profiled sheets from which sample sheets
were taken;

— dimensions of the test specimen,;

— test equipment details;

— test temperature and condition of the test pieces;
— theasured displacement and mass of the specimen,;
— ¢alculated value of the apparent density;

— date of testing.
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Annex G

(normative)

Test method to determine the water permeability of a sheet

G.1 General

This annex
cement profi

G.2 Princ

A specified g
period of tim
International

G.3 Appa

G.3.1 Franpe, constructed as shown in Figure G.1.

The width of
0,5m. The |4

500

Q
Q
A\) <,>QQ

60

A

jives details of the test procedure (see 7.3.5) and apparatus required to determine that [fibre-
ed sheets comply with the water-permeability requirements of this International Standard.

epth of water is applied to the upper face of a horizontally positioned specimen for a presdribed
. Visual examination of the test specimen determines compliance with-the requirements qgf this

the frame depends on the profile of the sheetsrand shall be, wherever possible, greater] than
ngth of the frame shall be between 0,5 m and~50 m.

Dimensions in millimetres

42

Figure G.1 — Arrangement for the water permeability test
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