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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-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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INTERNATIONAL STANDARD 1ISO 12017:2021(E)

Plastics — Poly(methyl methacrylate) double- and triple-
skin sheets — Test methods

1 Scope

This document specifies the test methods for quality control of poly(methyl methacrylate) (PMMA)
extrydeddoublte=—amdtripte=skim flatsheets,obtaimedfromr cotourtessamd cotoured {ransparent,
tranglucent and opaque grades of materials.

The ]:inimum sheet width is 600 mm.

The main applications of these sheets are in building and agriculture (greenhouses).

2 Normative references

The following documents are referred to in the text in such a waythat some or all of their content
constitutes requirements of this document. For dated referenees, only the edition cited [applies. For
unddted references, the latest edition of the referenced docunient (including any amendments) applies.

ISO 4818, Plastics — Preparation of test specimens by machining
IS0 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc sources

ISO 1823-2:2003, Plastics — Poly(methyl methacrylate) sheets — Types, dimensions and charqcteristics —
Part P: Melt-calendered extruded sheets

IS0 4302, Thermal insulation — Determination of steady-state thermal resistance and related pproperties —
Guartled hot plate apparatus

ISO 10140-2, Acoustics — Laboratory measurement of sound insulation of building elements — Part 2:
Meadurement of airborne sound-insulation

ISO 10140-5, Acoustics —-Laboratory measurement of sound insulation of building elements — Part 5:
Requiirements for test facilities and equipment

ISO [12999-1, Acousties — Determination and application of measurement uncertainties in building
acouktics — Part<:Sound insulation

3 Termsand definitions

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

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

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

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

3.1

double-skin sheet

DSS

sheet having two parallel external skins, differently spaced and jointed by ribs of different shapes

Note 1 to entry: See Figures 1 and 2.

© IS0 2021 - All rights reserved 1
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A
I
B
Key
A skin
B rib
Figure 1 — Example of a double-skin sheet
A
l
B
Key
A skin
B rib
Figure 2 — Example afia double-skin sheet
3.2
triple-skin sheet
TSS
sheet having two external and an internal skin which is parallel and properly spaced by ribs from the
external ong
Note 1 to entfy: See Figure 3.
A
CLAX )| )( )(

| |

T T

B C

Key

A skin

B internal skin
C rib

Figure 3 — Example of a triple-skin sheet
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4 Composition of materials

This document applies to PMMA homopolymers and to copolymers of methyl methacrylate containing
at least a mass fraction of 80 % of MMA and not more than a mass fraction of 20 % of acrylic ester or
other suitable monomers.

Such materials may be unmodified or may contain lubricants, processing aids, UV absorbers, pigments
and colorants.

5 Characteristics

5.1 | Main characteristics of DSS and TSS
5.1.1 Total thickness.

5.1.2 Total width.

5.1.3 SKkin thickness.

5.1.4 Mass per unit area.

5.1.3 Rib thickness.

5.1.4 Rib geometry (spacing, angle).

© IS0 2021 - All rights reserved 3
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5.2 Profile

The profile of a sheet is defined collectively by the characteristics specified in 5.1. Examples are shown

in Figures 4 and 5.
OO T T T T T T T T T T T T T T T T T T T T T I rrrrrrrn
| W |
| |
fri |, P AP——
1 i i |
y
~
dri dry dRr3 dRr3
Total thickness T=16 mm
Total width W=700 mm
Mass per unif area p4=5kg/m?
Skin thickness ts=1,8 mm
Rib thickness tg1 = 1,7 mm
tRZ = 1,8 mm
Rib spacing dg1 =20 mm

dr3 = 30 mm (main rib spacing)

Figure 4 — Examples of typical'dimensions and mass per unit area of DSS
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| W |
Tri TR Wz
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( )( )( )( )( )( Py
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dri dry dr3 dr3
Total|thickness T=16 mm
Totalfwidth W =980 mm
Mass|per unit area P4 =5kg/m?
Skin thickness ts=1,5mm

Interpal skin thickness  tg; = 1,2 mm
Rib thickness tp1 = 1,6 mm
tgz = 1,5 mm
Rib spacing dg1 =20 mm
dpy = 24 mm
dg3 = 32 mm (main rib spacing)

Figure 5 — Examples of typical diménsions and mass per unit area of TSS

5.3 | Other characteristics of DSS and TSS
5.3.1 Curvature.

5.3.21 Curvature of edge in-extrusion direction.
5.3.3 Optical properties.

5.3.4 Thermalresistance.

5.3.3 Bending properties.

5.3.4 &Sound insulation.

5.3.7 Fire resistance.
5.3.8 Weatherability.
5.3.9 Chemical resistance to gaskets and sealants.
5.3.10 Internal stress.

5.3.11 Condensate formation.

© IS0 2021 - All rights reserved 5
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6 Test methods

6.1 General

6.1.1 Test conditions

Make all measurements under the standard conditions of 23 °C £ 2 °C and (50 = 5) % relative humidity
(refer to ISO 291). For measurements made under local ambient conditions, due allowance shall be made
for dimensional changes due to the differences in temperature and relative humidity:.

6.1.2 San

The samplin
in ISO 2859

for sampling.

The test rep|
a) arefere

b) all deta

6.1.3 Pre

Specimens
applicable.

6.2 Thic}

6.2.1 Totj

Measure thd
beginning a

6.2.2 Minimum skin thickness

Measure the

Do not repo|
intact.

6.2.3

Measure the

Minimum-ib thickness

pling
g procedure shall be agreed upon between the interested parties. The procedures.desc

D and ISO 2859-1 are widely accepted and frequently used. Hence these are rgc6mme

ort shall include the following information:
hce to this document, i.e. ISO 12017:2021;

Is necessary to identify the sample used for the tests.

paration of test specimens

bhall be prepared in accordance with the procedures described in ISO 2818, whe

(ness measurements

11 thickness

total thickness, to the nearest 0{1 mm, at 200 mm intervals over the whole extrusion w
[ the central point of the edge cell. Calculate the average of the measurements.

Irt the thicknessyof the inner skin of a TSS; however, check to ensure that the inner sk

thickness of the outer skins, to the nearest 0,1 mm, at the point of minimum thickness.

ribed
nded

fever

idth,

(in is

ib thickness, to the nearest 0,1 mm, at the thinnest point of the thinnest rib.

6.2.4 Testreport

The test rep
a)
b) the min
c) themin
6

ort shall include the following measurements, accurate to 0,1 mm:

the average total thickness, minimum thickness and maximum thickness;

imum outer-skin thickness;

imum rib thickness.

© ISO 2021 - All rights reserved
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Width and length measurements

Measure the extrusion width, the cut width (if necessary) and the sheet length in the extrusion direction
to the nearest 0,1 mm.

Report the width and the length measured.

6.4

Rib geometry

Report the nominal values of the rib spacing, the rib angles and any other relevant rib-geometry
parameters.

6.5

Weig
lengt

Calctyilate the mass per unit area, p,, in kilograms per square metre, using Formula (1):

=

whet|

I

Repg

6.6

Meas

h, to the nearest 1 g, strips with a width corresponding to the extrusion width and
h.

D, =
AT Wx100

N is the mass, in grams, of the specimen;

{4 is the width, in millimetres, of the specimen.

Mass per unit area

103

rt the value of p, calculated from Formula:(#) to the nearest 0,01 kg/m?2.

Curvature of sheet surface

100 mm in

)

ure the curvature on a full-size sheet, using a 1 000-mm-long straight edge (see Figure 6).

© IS0 2021 - All rights reserved
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Dimensions in millimetres

1000

Key

B  double- ¢r triple-skin sheet in vertical position, resting on A
A horizontpl plane surface

a  curvaturg in extrusion direction

b  curvature perpendicular to extrusion direction

E extrusion direction

Figure 6 — Curyature of sheet surface

Place the specimen, in the vertical position (extrusion direction horizontal), on a plane horizpntal
surface, and|hold it upright. Place the straight edge against the concave surface of the sheet and megsure
the maximum distance a between (thé sheet surface and the straight edge (1 000 mm secant lipe of
the curvature) in the extrusion direction. Similarly, measure the maximum curvature b at the cut|ends
(perpendicylar to the extrusiefrdirection). If the width is less than 1 000 mm, measure the curvatpire b
over the fullf width.

Report the distances medsured.

NOTE The sheetis.Hormally longer than 1 000 mm.

6.7 Curvature of edge in extrusion direction

Measure the edge curvature on a full-size sheet at the side edges, using a 1 000-mm-long straight edge
(see Figure 7).

8 © IS0 2021 - All rights reserved
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Dimensions in millimetres

Key

B double- or triple-skin sheet in horizontal position, resting on A
A horizontal plane surface

¢ dqurvature of edge in extrusion direction

E  ¢xtrusion direction

Figure 7 — Curvature.of edge in extrusion direction

Placg the test sheet in the horizontal position on a plane horizontal surface so that the sheet|lies concave
side down. Measure the maximum diStance c between a side edge of the sheet and the straight edge.

Repdrt the distance measured.
6.8 | Optical properties

6.8.1 Luminous fransmittance
Meagure the lumihous transmittance by the method described in Annex A.

NOTE1 Lwminous transmittance of DSS and TSS cannot be measured accurately by the method given in
ISO 1B468-T."Due to the complex geometry of DSS and TSS, it does not necessarily give reliable valugs.

NOTH22 A spectrometer doesnot givp rpprndn(‘ih]p results either

6.8.2 Colour

The method used for the determination of colour and colour variations shall be agreed on between the
interested parties.

6.8.3 Appearance

Any defects shall be evaluated by inspecting the sheet under daylight or a daylight-type fluorescent
lamp with a colour temperature of 6 500 K * 650 K and rated at not less than 40 W.

© IS0 2021 - All rights reserved 9
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Examples of defects are:

)

a) bubbles
b) cracks;
c) crazing.

6.8.4 Testreport

The test rep

ort shall include the following information, when measured:

a) thelum
b) the colg

c) details

6.9 Ther

Measure thd

6.10 Thre

nous transmittance;
ur and colour variation;

pf any defects in appearance.

mal resistance

thermal resistance in accordance with ISO 8302 and include the results in a test repo

p-point bending test

6.10.1 General

The bending
extrusion pj

6.10.2 Pro
Use specime

If the extrus
extrusion w
total width.

I test is an important criterion in assessing sheet@uality and judging the consistency (
ocess.

cedure
ns 100 mm long in the extrusion direction.

ion width is between 600 mm and 800 mm, use the whole width for the specimens.
idth is greater than 800 mm;.cut the specimen to 800 mm, taking it from any part d

Carry out the test using a dynamometer (preferably instrumented) in the following way (see Figuj

Place the sp

Apply the lo
(radius 5 m

ecimen symmetrieally on two supports (edge radius 5 mm) spaced at 550 mm.

hd at the centre of the specimen, evenly over its entire length (100 mm), using a loading
) pressingfagainst a rubber mat (250 mm x 100 mm x 20 mm, nominal Shore A hard

70) placed on the specimen.

NOTE Thgq

rabber mat is necessary in order to distribute the load over a larger surface area and h

avoid the sk

I't.

f the

f the
f the

e 8):

edge
ness

ence

.....

Start up the dynamometer, using a rate of advancement of the loading edge of 100 mm/min + 5 mm/

min.

The load is measured by the dynamometer while the deflection is measured to the nearest 0,1 mm by a
control gauge.

Continue the test until the specimen fails, either as a result of fracture or by slipping through the

supports.

10
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[/ [ \ _/ [/ [/
/ N /
C C
a 215 215 b
550
Key
A lpading edge (edge radius 5 mm)
B double- or triple-skin sheet specimen (max. width 800 mm)
C dqupports (edge radius 5 mm)
D 1jubber mat
E ¢xtrusion direction
a = b [(width - 550)/2] mm

Figure 8 —TFhree-point bending test

6.10{3 Evaluation criterion for the bending test

The

load-bearing capacity of(the specimen is deemed sufficient when the following co

satisfied:

where

hditions are

(2)

(3)

P is the load on failure, in newtons;

!

min is the required value of P, in newtons;

s

is the deflection on failure, in millimetres;

95}

min is the required value of P,/H,,.

6.10.4 Testreport

Report the values of P, and P,/H,, plus the dimensions of the specimen.

© IS0 2021 - All rights reserved
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6.11 Sound insulation

Carry out the test in accordance with ISO 12999-1, ISO 10140-2 and ISO 10140-5 and include the results
in a testreport.

6.12 Fire resistance

Assess fire behaviour as specified in relevant national standards.

6.13 Weathering test

Carry out weather-resistance tests as specified in ISO 4892-2, using a filtered xenon lamp (. = 30( nm)
at a black-panel temperature of 65 °C and with a wet/dry cycle of 18 min/102 min; the~peripd of
exposure shiall be 3 000 h.

Use a specimen measuring 64 mm x 40 mm.

Examine for| the presence of defects (e.g. cracks, crazing or yellowing) at the end of the exposure period
and include [the results in a report.

6.14 Chemical resistance to (compatibility with) materials in contact with DSS or TSS
NOTE Mpterials of this category are, for example, gaskets, sealants, etc,

6.14.1 Proredure

Carry out the bending test specified in Annex B to qualify such materials as being inert with regpect
DSS or TSS (fi.e. not producing crazing under stress).

Cut specimefns from solid extruded sheets 4 mm thick consisting of the same material as the DSS of TSS
with which [compatibility is to be established. The fonger side of the specimen shall be parallel tp the
extrusion direction. The shrinkage of specimens'in the extrusion direction, determined in accordance
with ISO 78P23-2:2003, Annex B, shall be no more than 3 %.

NOTE It|is left to the interested partiés-to agree, depending on the results of the compatibility test, dn the
conditions under which such materials,are permitted to come in contact with DSS or TSS.

6.14.2 Testreport

The test replort shall include)the following information:

a) the temperatureused (23 °C or 50 °C);

b) whether the erazing time was longer or shorter than 24 h;

c) the strejssdimit;

d) whether the corrosive agent or other material was found to be compatible or not.

6.15 Evaluation of internal stress

This test gives an indication of the level of internal stress within the material. A specimen is immersed
for 10 min in ethyl acetate and subsequently examined for the appearance of cracks or crazing. This
is only suitable as a qualification test for freshly extruded material. During prolonged storage or in
use, the DSS or TSS absorbs an undefined amount of water. This increased undefined water content
causes irregularities in the described test. If the stress conditions following prolonged storage or use
are to be investigated, then the procedure and the specimen conditioning shall be agreed on between
the interested parties.

NOTE Previous experience has shown that the internal stress is highest in the edge zones.

12 © IS0 2021 - All rights reserved
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Immerse each edge of the specimen, one after the other, over the whole length (100 mm), atleast 50 mm

deep

into analytical-grade ethyl acetate for 10 min.

In cases of dispute, condition a specimen at least 300 mm wide and 100 mm long for at least a day in a
dessicator at 23 °C = 1 °C. Then, immerse the edges of the specimen at least 50 mm deep in ethyl acetate
for 10 min at a temperature of 23 °C = 1 °C.

Examine the specimen for cracks or crazing after immersion of each edge and include the findings in a
test report.

7

Cond
temp
or T
foggd
othe
way
hum

For t

Condensate formation

erature and humidity). Condensate can form on the external and/or internal surface
bS. Condensation first appears in the form of fine droplets which scatter|the light an
bd areas appear white. This fogging reduces light transmission, but/has virtually no 4
" properties of the DSS or TSS (including heat insulation). The formation of conder
is not a property of the DSS or TSS, but depends solely on the physical conditions (t
dity, dew point) at the surface of the DSS or TSS.

hese reasons, this document does not specify a method fer'the measurement of conder

ensate formation is occasionally observed following changes in the atmospheric copditions (i.e.

s of the DSS

1 makes the
rffect on the

sate in this

emperature,

sate.
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Annex A
(normative)

Determination of luminous transmittance of PMMA double- and

triple-skin sheets

A.1 Over

This annex
clear or co
transmittan
illuminant A

The method

NOTE1 Di
reproducible
acceptable fo

NOTE2 PJ
selectively tif
illuminant A

NOTE 3
properties of]

view

specifies a method for the determination of the luminous transmittance of frianspa
oured, non-selectively transmitting PMMA multiple-skin ribbed sheets, The lumi
ce is determined using parallel light, incident normally on the specimen, ffom CIE stan
as specified in ISO 11664-2.

is applicable to PMMA multiple-skin sheets of thickness equal to of-less than 40 mm.

ffused incident light, such as the illumination from an overcast sKy, does not necessarily
values of luminous transmittance. However, illumination by nbofmally incident, parallel li
I this test. The measured values will indicate the achievable maximum.

IMA multiple-skin sheets are available in the following grades: clear, transparent white, and
ansmitting shades of grey, brown and bronze. Hence, the luminous transmittance obtained
(7,) is the same in practice as that obtained with illuniirant C (t¢) and with illuminant D¢g (tp

This method has been found to be a satisfactory way of measuring the daylight-transm

DSS and TSS.

rent,
nous
dard

give
rht is

non-
with

5)-

tting

14
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A.2 Apparatus

See Figure A.1.

-

\
i
JIH

||
L IIIlIIIIlIII

a) Top view

b) Vertical section

Key

A integrating sphere, diameter dg F  frosted-glass panel
B entrance port (specimen opening), diameter d;, G lightsource

C photodetector aperture, diameter dy, H photodetector

D compensation port, diameter dy [ test specimen

E collimators ]  Dbaffle plate

Figure A.1 — Integrating sphere for measuring light transmittance r, (determination of E,) (not
to scale)

© IS0 2021 - All rights reserved 15
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A.2.1 Lightsource

A.2.1.1 A gas-filled lamp with a distribution temperature T}, of 2 856 K is used to produce illuminant A.
The manufacturer or calibration authority may specify the electrical conditions under which the required
distribution temperature is obtained. The power supply shall be stabilized. Voltage fluctuations shall not

exceed 0,1

%.

A.2.1.2 Thelightincident on the specimen shall be an essentially parallel beam normal to the specimen
surface. In order to guarantee a sufficiently parallel beam of incident light, the light source and the
entrance port of the integrating sphere shall be at least 5 m apart unless optical aids are used to ensure

that the ligh

A.2.1.3 Th
with the phg

The diametg

D=10+
where Tist
A214 W

A.2.1.5 To
between thd

A.2.2 Intg

A2.2.1 Ge

The integrat

beanmincidentom the specimerr is parattet:

e area illuminated on the surface of the specimen shall be circular in shape andjcencs
todetector aperture.

1, D, in centimetres, of the illuminated area shall be given by Formula (A{1):
10T
he thickness, in centimetres, of the sheet.

thin the illuminated area, the illuminance may vary by up¢o 1 %.

avoid light-scattering effects, several collimators@yith circular apertures shall be lo
light source and the integrating sphere (see Figite'A.1).

grating sphere

neral

ing sphere collects the transmitted light emerging from the specimen into the space beg

it and measiires the mean luminance.

A.2.2.2 Sphere diameter and diameter of entrance port

In order for
diameter of
spacing in t
35 mm and

— sphere

hccurate measuremneénts to be possible, the sphere diameter dg shall be much larger tha
the light entranc€port d; . For the same reasons, the latter shall be much larger than th
he sheet underinvestigation. The following diameters shall be used for rib spacings
sheet thickiresses up to 40 mm:

liameterdg > 1 000 mm;

entranc

eport diameter dj, = 100 mm.

ntric

(A1)

rated

hind

n the
erib
Ip to

A.2.2.3 Compensation port

The diameter dy of the compensation port shall be equal to that of the entrance portd,.

A.2.2.4 Photodetector aperture

The diameter dy; of the photodetector aperture depends on the instrument used. This aperture shall be
covered with a light-diffusing panel coated on the inside with a material having a reflectance similar to
that of the inside wall of the sphere (see A.2.2.6).
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