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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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Introduction

The method 2b is included in order to update the basics of the method with the modern apparatus.
This International Standard kept the same measurement equipment since the first version of 1981 and
new test equipment has been included in accordance with the technical advances. The equipment, its
performance and calibration, and the calculation of the new method are described in 9.5 to 9.9.
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INTERNATIONAL STANDARD ISO 4590:2016(E)

Rigid cellular plastics — Determination of the volume
percentage of open cells and of closed cells

1 Scope

This International Standard spec1f1es a general procedure for the determlnatlon of the volume
percentage easureme st of the geometrical
volunpe and then of the air- 1mpenetrable volume of test spec1mens

The pgrocedure includes the correction of the apparent open-cell volume by taking-intg account the
surfage cells opened by cutting during specimen preparation. Three alternative methods (method 1,
method 2a and method 2b), and corresponding apparatus, are specified for{the measurgment of the
impemetrable volume.

2 Normative references

The fpllowing documents, in whole or in part, are normatively réferenced in this docurpent and are
indispensable for its application. For dated references, only<the edition cited applies. [For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO 1923, Cellular plastics and rubbers — Determinatiomof linear dimensions

3 Terms and definitions
For the purposes of this document, the follewing terms and definitions apply.

31
surface area
S
total surface area of the test speeimen determined by measuring its geometrical dimensiops

3.2
geonletrical volume
Ve
volunpe of the test’spécimen determined by measuring its geometrical dimensions
3.3

surface/volume ratio
r

S
ratio — Tfor the test specimen

g
3.4

impenetrable volume

Vi

volume of the test specimen into which air cannot penetrate and from which gas cannot escape, under
the test conditions

© IS0 2016 - All rights reserved 1


https://standardsiso.com/api/?name=54c3b67091ab97270380d6d53290713c

ISO 4590:2016(E)

3.5

apparent volume percentage of open cells

Wr
ratio

v, -V,

X
g

100

Note 1 to entry: It includes the volume of the cells opened during cutting of the test specimen, and depends on the
nature of the cellular plastic under test and on the surface/volume ratio r of the test specimen.

3.6

wo

corrected v])lume percentage of open cells

apparent volume percentage of cells w;, corrected to take into account the surface cellsiopen

cutting duriy

Note 1 to enty
approaches zd

3.7

|g preparation of the test specimen

y: It is the limit of the apparent volume percentage of open cells wy, as the-surface/volume
ro.

corrected vplume percentage of closed cells

Yo
volume perc

v, =100

Note 1 to entr]

4 Princiy

The surface
geometrical

The impenet
a) method
b) method

The determi
to a gas con
specimen.

bntage remaining after accounting for the corrected volume percentage of open cells

y: This percentage includes the volume of the cellwalls.

e

hrea S and geometrical volume Vg of a number of test specimens, each having a dif:
surface/volume ratio r, is determined.

Fable volume Vj is determined by either of two methods, namely
| — by pressure variation (pyknometer), and
D — by volume-eXpansion.

hation of the-impenetrable volume Vj is based on the application of the Boyle-Mariot
ined in.an)indeformable chamber, first in the absence and then in the presence of

ed by

ratio r

Ferent

e law
A test

The apparen

[ Yolume percentage of open cells wy of the test specimen is calculated by plotting the

curve

wr = f(r) and

extrapolating to r = 0, followed by calculation of the corrected volume percentage o

cells wo and the corrected volume percentage of closed cells v ,.

5 Testspecimens

5.1 Number

open

A minimum of three test specimens shall be prepared for each test. A total of three tests shall be carried
out per test specimen.

© ISO 2016 - All rights reserved
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Preparation

Cut test specimens out with a band saw and machine them if necessary, taking care that there is no
deformation to the original cell structure other than at the surface. The specimens shall be free of dust,

voids

and moulding skins.

Hot-wire cutting shall not be used.

5.3

Dimensions

The required test specimen dimensions depend on the specific method used to measure the

impepetrable-volumettnitialspectmensizesshat-be-asfolows—————

— M

—

€

=

(=

— M

ot

€

=

(=

5.4

All th
to pr¢

6 (onditioning and test atmospheres

The t
humi
contr

7 Measurement of surface area S and geometrical volume V,

7.1
meas

hickness: (25 + 1) mm

hickness: (30 £ 1) mm

ethod 1: Pressure variation (pyknometer) and method 2b
ngth: (25 + 1) mm
ridth: (25 + 1) mm

ethod 2a: Volume expansion
ngth: (100 £ 1) mm
fidth: (30 + 1) mm

Sectioning of test specimens

Fee methods require that specimens rp’and r3 of each set be further sectioned as show
vide a range of surface/volume ratios for testing.

bst specimens shall be conditioned for not less than 16 h at (23 = 2) °C and (50 #
lity prior to testing.(It is important that the test be conducted at (23 * 2) °C and
plled and moderatebumidity, i.e. (50 + 5) %.

Determiine the linear dimensions of each test specimen in accordance with ISO 192
irements shall be made to the nearest 0,05 mm. The locations of the measurement p

nin Figure 1

b) % relative
preferably at

3, except that

bints shall be

as shd

wn in Fioure 2

7.2 Calculate the average linear dimensions, the surface area S and the geometrical volume Vg,
retaining all significant figures for test specimens rq (one parallelepiped), ry (two parallelepipeds) and
r3 (four parallelepipeds). Round off the final values for surface area S to the nearest 0,01 cm?2 and for the

geom

etrical volume V; to the nearest 0,01 cm3,.
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Figure 1 — Pattern for cutting test specimens
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Figure 2 — Locations of measurement points

8 Determination of impenetrable volume V; by method 1: pressure variation
(pyknometer)

NOTE The impenetrable volume V; is determined by either method 1 or method 2. The principle, description

of apparatus, calibration, procedure and calculation for these two methods are specified in this Clause and
Clause 9, respectively.

4 © IS0 2016 - All rights reserved
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8.1 Principle of method 1

The following characteristics are determined for an atmospheric pressure pamp and a pressure
reduction pe in the test chamber in relation to pamp:

a) the corresponding change in volume 6Vj1 of the test chamber in the absence of a test specimen; this
determination constitutes the calibration of the apparatus;

b) the corresponding change in volume 6V, of the test chamber in the presence of a test specimen.

The impenetrable volume V; of the test specimen is given by Formula (1):

_ Va1V,

1
e )

wher¢
pp is equal to pamp + pe-

In practice (see 8.2.2), V;jis calculated from the equivalent Formula (2):

-1

vj=-1—2p (2)
_er B
where
I{ isthe pyknometer scale reading corresponding to K&Vaz;

I isthe pyknometer scale reading correspanding to K&6Vaz;

K| is aconstantrelating the pyknometerscale readings to volume change in the chamber.
8.2 |Description of apparatus for.method 1

8.2.1| The apparatus consist§ of an air pyknometer that permits instant reading of the difference
betwg¢en internal pressure and.atmospheric pressure. A schematic diagram of the apparatus is shown in
Figure 3. It consists essentially of the following items:

a) t¢st chamber A, including a removable measurement chamber D of volume approximately 50 cm3,
thich fits to thevmain part of chamber A by means of an appropriate mechanical device, a filter F
hd an airtight circular joint G, to ensure impermeability and reproducibility of thg geometrical
blume of'this part of the test chamber;

<<

b) chamber B to create the reduced pressure.

8.2.2 The two chambers A and B are linked in parallel by means of tubing fitted with a valve T4, which
can connect or disconnect them, and a differential manometer M. The tubing can be connected directly
to atmosphere by means of valve T.

When chamber D is connected to chamber A by means of the airtight joint G and the valve T is closed,
the volume Vj of the combined chambers (including the free volume of the chambers and of the tubing
connected to the manometer M; and to the valve T1) can be modified by moving piston P4 by means of
crank Ca.

© IS0 2016 - All rights reserved 5
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T1to Tg valves

Figure 3 — Schematic diagram of apparatus for determination of impenetrable volume V; by

method 1
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The indicator I of the displacement of piston Py permits reading directly on a scale ], with a precision of
0,25 %, a value  which has been precalibrated by the manufacturer to some corresponding change 6V,
starting from an initial reference value Vj.

NOTE The relationship between I/ and 6V} is defined by a proportionality constant K (I = K6V/) as provided
by the equipment manufacturer or by calibration from standard volumes. The proper value for K is obtained only
if the zero reading on scale ] is previously adjusted during the setting up of the air pyknometer in accordance
with the manufacturer’s instructions. The value of K for one commercially available air pyknometer is 2,0.

8.2.3 Chamber B can be connected directly to the atmosphere by means of valve T3. Moreover, it is
connected by means of tubmg and Valve T4 toa dlfferentlal manometer Mz which mdlcates the pressure
reducti 3 : espect to the
ambi¢nt atmosphere The manometer Mz shall permit the readmg of the pressure reductipn to 0,25 %
(i.e. a[pressure reduction pe of =200 mmH320 shall be read to within +0,5 mmH30).

The gressure in chamber B is adjustable (when valves Tq and T3 are closed) by.moving|piston Pg by
meang of crank Cg. The difference pe (negative in the procedure for method 1) between the gressure pg in
chambper B and the atmospheric pressure pamp is indicated on the manometer M when valvg Ty is open:

Pl = Pg ~ Pamp (3)

8.3 |Calibration of pyknometer apparatus

Deterjmine, in accordance with the test procedure specifiediin8.4 and for the atmospheric pressure pamp
prevdiling at the moment of test, the reading /1 corresponding to a pressure change pe = 1200 mmH>0
in relation to pamp.

NOTE|1 In order to eliminate the need to determinéZy each time the barometric pressure pamp ¢hanges, it can
be degirable to establish a calibration curve of I =f{pamp) for a given value of pe. This can be acfomplished as
shown in Figure 4 by repeating the calibration procedure over a period of several days over which pamp varies.

NOTE|2 If it is desired, for some cellular-niaterials, to determine the impenetrable volume of the fest specimens
at anofher pressure reduction pe’, for example, -300 mmH>0, it will be necessary to plot a calibratiop curve for pe'.

© IS0 2016 - All rights reserved 7
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016(E)

Key
11 SCi

100 101 102 p,., (KPa)

le reading

pamb (KPa) atinospheric pressure

8.4 Proce

8.4.1 Prior
the air in ch
obtain greatq
operation sejy

Figure 4 — Calibration graph foer method 1 (pe = -200 mmH30)

dure for method 1

to testing, move pistons-Pp and Pp along the whole available distance to change comp
hmbers A and B and:the tubing. For this, all the valves will have to be open. In or
r homogeneity betwéen the internal and external environments, it is advisable to repe
beral times.

Determine the atmospheTic pressure pamp to the nearest 10 Pal).

8.4.2 Verif

J the z€ro readings of manometers M1 and M.

letely
ler to
at the

8.4.3 Place chamber D (containing the test specimen, if applicable) in position.

8.4.4 Again change the air in the apparatus by moving pistons P and Pg in the appropriate way.

8.4.5 Adjust piston Py so as to obtain a reading I = 0 on scale J. Position piston Pp to enable the desired
pressure reduction to be achieved.

8.4.6 Close valves T3, Tz and then T1. Wait a few seconds. Both manometers M1 and M> should indicate
zero. If such is not the case, re-open valves T1, T3 and Ty, repeat the operation specified in 8.4.4 and then
proceed in accordance with 8.4.5. If the manometers continue to show instability, measurements are
impossible due to anomalies discussed in Annex A (see A.4, A.5 and A.6).

1) 10 Pa=1 mmH;0

8
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8.4.7 When the differential manometers are stable, lower the internal pressure by progressively
moving piston P and, almost simultaneously, piston P to maintain the indicator on manometer M4

close to zero, while observing the pressure reduction on manometer Mj.

Never move piston Py backwards during this operation.

8.4.8

Proceed as specified in 8.4.7 until the pressure reduction pe

200 mmH70. The equilibrium

shall be stable. If such is not the case, there exists one of the anomalies discussed in Annex A (see A.4, A.5
and A.6), namely rupture of cell walls, test specimen deformation or rapid variation of pamp.

In the case of test specimens of new types of cellular material, preliminary determinations shall be

perfo
-100
redud

lllCd uaius SCVCI d} Vd‘lucb Uf lJl COS5UICC T Udubtiull [Je, L}lUbCll ill dl it}llllﬁtib pl Usl CbbiUll
mmH;0, -200 mmH20, -300 mmH30, etc.). During the test, the highest value,of
tion shall be used for which I still varies directly as pe and which permits a stdble e

be achieved. The apparatus shall be re-calibrated, in accordance with 8.3, using thatwalue

8.4.9

progr
neces

Note the value of /1 or Iy corresponding to the pressure reduction pgxThen open
essively bring the pyknometer apparatus to atmospheric pressure by)means of pist]
sary, piston P4. When the reading on manometer M is equal to zetrd,/open all valves.

to atohospheric pressure too abruptly.

8.4.1
be ap
lies b
calcul

If the
carry|

) Repeat twice the operations from 8.4.5 to 8.4.9. Generallyythe first two values of I
breciably different. Suppose that the second value is lower'than the first. If the third vz
btween the first two and does not differ from the seéond by more than the precision
ate I (or I1) as the average of the last two readings

be two conditions are not met and, particularly; if the third reading is still lower tha
out fresh measurements as above until{two measurements do not differ by m

for example,
the pressure
quilibrium to
of pe.

valve T1 and
on Pg and, if
Never return

(or of 1) will
1lue obtained
in reading I,

h the second,
bre than the

“readng” error.

8.5 |Calculation for method 1

Calcujate the impenetrable volume.Vj-from Formula (4):

11 _12
_er

(4)

Py

wher

14 is the value corresponding to the atmospheric pressure pamp prevaili

time of test;

hg at the

B (=0amb + pe) is expressed in millimetres of water.

=

9 Determination of impenetrable volume Vj by method 2: volume expansion

9.1 Principle of method 2

In accordance with the Boyle-Mariotte law, an increase in volume of a confined gas results in a
proportionate decrease in pressure. If the size of a chamber is increased equally with and without a
test specimen in the chamber, the pressure drop will be less for the empty chamber. In this method, the
relative pressure drop, previously calibrated to standard volumes, is determined from the difference in
scale readings of a manometer tube open to atmospheric pressure.

The impenetrable volume Vj is seen by the chamber as a smaller apparent standard volume as the
percentage of open cells increases.

© ISO 2016 - All rights reserved
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9.2 Descr

9.2.1 The

016(E)

iption of apparatus for method 2a

apparatus consists of a glass-tubing manometer assembly as shown schematically in

Figure 5. The test specimen chamber K is provided with a ground-glass cap L such that a gastight seal
can be obtained by applying vacuum grease to the joint. The chamber K is connected via an expansion
bulb N to a manometer M3 filled with water containing a few drops of a surfactant and a colorant. The
liquid level in the manometer is adjusted by means of a reservoir O. (This can be controlled by using a
syringe.) The gas chamber K is brought to atmospheric pressure prevailing at the time of test by means of

the valve Ts.

9.2.2 Inor

A scale Q, graduated in millimetres, is attached to the open arm of the manometer Ms.

der to avoid errors due to fluctuationsin ambient fnmpnr:&hlrn' the whale qpparthc sh a]l be

enclosed in a draughtproof case R, fitted with a transparent front panel and a trap door S throughywhich

test specime

s can be introduced into the chamber K.

NOTE Seyeral models of such apparatus have been constructed and used successfully; observing the

following par

a) volume Vk of the chamber K and glass tubing to mark Uy: 310 cm3;
b) volume Vy of the expansion bulb between marks U1 and Uj: 10,5 cm3;
c) height of mark Uy above the bottom of the manometer: at least 650mm;

d) minimuin internal diameter of the glass tubing: 10 mm.

10

meters:

© ISO 2016 - All rights reserved
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C 11 / //i
— —
11 /
}Ii
Key
K test specimen chamber R draughtproof case
L ground-glass cap S trap door
M3 manometer Te valve
N expansion bulb Uq, Uz marks
0 reservoit W1, Wp, W3 liquid levels
Q scale

Figure 5 — Schematic diagram of apparatus for determination of impenetrable volume V; by
method 2a

9.3 Calibration of apparatus for method 2a

9.3.1 Six calibrated standards are required (for example, brass cylinders) having volumes up to
150 cm3, known with an accuracy of 0,1 cm3.

9.3.2 With valve Tg open, adjust the liquid level in the manometer M3 to mark Uz and note to the
nearest millimetre the corresponding level W on the open arm of the manometer.

© IS0 2016 - All rights reserved 11
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9.3.3 Raise theliquid level up to mark U4. Close the valve Te. Let the volume of the chamber K (including
the tubing up to U1) be Vk and the atmospheric pressure prevailing at that moment be pamp.

9.3.4 Lower both liquid levels by withdrawing the liquid until the level in the closed arm reaches
mark Uy, corresponding to an expansion §Vk. Perform this operation slowly, controlling the speed so
that the liquid level passes from mark U1 to mark Uy in (60 = 1) s. Wait (30 + 1) s to allow the liquid still
on the wall of the expansion bulb N to rejoin the manometric liquid, constantly keeping the liquid level
at mark Up. At the end of this time, read the liquid level W5 in the open arm of the manometer, rounding
to the nearest millimetre. Then slowly open valve Tg, set the liquid at mark Uy and repeat the previous
operations until two successive identical readings, rounded to the nearest millimetre, are obtained.

9.3.5 Remtl)ve the cap L, insert in the test chamber K a calibrated standard of known volumé-c and
replace the chp.

IMPORTANT — To meet the required stability condition for Vg (see A.1), it is imperative that the
cap L is alwpys placed in the same position on the chamber K because even a small variation in
the position| of the cap on the chamber can produce a significant variation in the initial volyime.

Repeat the operations specified in 9.3.3 and 9.3.4 and record, to the nearest millimetre, the level |//3 on
the open arnj of the manometer.

9.3.6 Calcylate the ratio

w, - W.
2 '3 (5)
Wy -Ws
where
W1 is the reading of the initial level;

Wy and W3  are, respectively, the mangmetric readings after expansion for the test chambgr K
without and with the calibrated standard present.

Then
w, - W,
2 3
23y, +8V, )=V, 6
Wl—W3(K K)=Ve (6)

9.3.7 Repept the operations specified in 9.3.2 to 9.3.5 using other calibrated standards having volumes
V', Ve", etc.

For V¢', the readingswill be Wy', W', W3 and

WZ' B WJ '
2V + 3V J= Vg (7)
w) -wy

Plot these results on a graph having, as abscissae, the values of V¢, V¢, etc., and for the ordinates the
corresponding values of the ratio

w, -Ww.

—2 3 (8)
W, -Ws

The graph should be a straight line passing through the origin.

This graph (see Figure 6) will be used for the determination of the impenetrable volume V; of the test
specimens.

12 © IS0 2016 - All rights reserved
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9.4 Procedure and calculation for method 2a

9.4.1 Using a test specimen in place of a calibrated volume standard, follow the same procedure as for
the calibration (see 9.3).

9.4.2 Calculate the ratio

value of the impenetrable volume V; from the abscissae.
9.5 Descrfption of apparatus for method 2b

9.5.1 Apparatus. In Figure 7, a schematic diagram of the equipment is shown, The equipment shall
have the follgwing features:

A

10
Key
1 sample chamber closure 6 fill rate valve
2 sample chamber 7  two-way selector valve
3 pressure transducer 8 ventrate valve
4  sample chamber cap 9  expansion chamber
5 filter 10 over pressure relief valve
a  Gasin. b Gas out.

Figure 7 — Schematic diagram of the apparatus for method 2b
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9.5.1.

9.5.1.

9.5.1.

9.5.1.

9.5.1.

ISO 4590:2016(E)

1 Sample chamber, having a known volume (Vchamber) between 30 cm3 and 150 cm3.

2 Expansion chamber, with a volume (Vexp) which produces an appreciable pressure drop.

3 Gage pressure transducer, capable of measuring 0 kPa to 175 kPa.

4 Pressure relief valve, to avoid over pressurization of the gage pressure transducer.

5 Filter, to prevent powder from contaminating the gage pressure transducer and selector valves.

9.5.1

9.5.1

9.5.1

9.5.1
which

9.5.1

9.5.1

9.5.1

9.6

Throygh this calibrating method, Vchamiser’and Vexp are determined.

A pre

A me
regul
(see 9

After
calibr

6 Input flow control toggle and needle valves, or alternative means to control prg
7 Output flow control toggle and needle valves, or alternative means to vent the
8 Two-way selector valve, to connect the expansion chamber to the sample chamb

9 Nonporous calibration standard, (for example, a stainless"steel sphere) of ki
fills from 1/3 to 2/3 of the sample chamber.

10 Digital meter, for reading the pressure from the transducer to at least 0,01 kPa.
11 Sample chamber closure.
12 Sample chamber cap.

Calibration of apparatus for methaod 2b

sure between 0 kPa and 152 KPa shall be used for the calibration.

hsurement without any test specimen in the sample chamber but with sample chg
hr test pressure (normally 20 kPa) is realized; follow the same procedure as for te
7). The values p1 and-p; are determined.

vards, the calibration standard (9.5.1.9) is introduced to the sample chamber cap
ation standafdat the same conditions new values for the pressures are obtained, p1”

Throygh the ¥alues of p1, p2, p1” and p2” and the volume of the calibration standard, the
Vexp qre determined as follows:

—  pp¥%Bamber = P2 (Vchamber *+ Vexp);

ssurization.
bas.
er.

own volume

imber cap at
st procedure

Testing this
and py".

Vchamber and

— p1” (Vchamber - Veal) = p2"(Vchamber - Veal + Vexp)}

—  Vexp = Vchamber*(P1 - P2)/p2;

—  P1™*(Vchamber - Veal) = p2” (Vchamber - Veal) + p2” *Vehamber *(P1 - p2)/p2;

—  Vehamber = Veal(p1” - p2°)/[(p1’ - p2’) - (p1 - p2)* p27/p2]-

9.7

Test procedure for method 2b

9.7.1 Measure the length, height and width of the test specimens in accordance with Clause 7. Then
weight the test specimens.

© ISO 2016 - All rights reserved
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9.7.2 With opened equipment, empty sample chamber (only with the sample chamber cap inside) and
all valves opened, a zero pressure in comparison with the air pressure shall be determined.

9.7.3 Then the flow valve shall be closed.

9.7.4 Afterwards, operate the two-way valve so that it isolates the expansion chamber (reference) from

the rest of th

e system.

9.7.5 Finally open the vent valve.

9.7.6 Introfduce the test specimen in the sample chamber cap and close the sample chamber.

9.7.7 The gir and vapors trapped within pores will be removed from the test specimen by a'prolpnged
purge when all valves are opened. The number and time of purges shall be registered.

Itis recomm

9.7.8 Once
the pressure

9.7.9 C(loss
(reference) c

9.7.10 Open

Itis recomm
to use lower

bnded to use a pressure for the purges between 15 kPa and 20 kPa.

the purges are done, maintaining the gas flow, all valves of the system shall be openg
reading of the gage pressure transducer shall be zero.

the two-way valve and the vent valve so that it againd isolates the expansion v
hamber from the rest of the system.

the flow valve to reach the set pressure for the sample chamber.

bnded to use as set pressure in the sample chamber of 20 kPa. In some cases, it is des
pressures to avoid that the pressure distorts the test specimen. At any case, th

pressure shalll be noted.

d and

lume

irable
e test

9.7.11 Closq the flow valve and allow the priessure to stabilize (with 15 s is time enough for most test
specimens). Record the final pressure as py.
9.7.12 Immediately operate the twofway selector valve so that it again connects the expansion chgmber
(reference) vith the sample chamber-and allow the pressure to stabilize. Record the final pressurelas p3.
9.7.13 Finally open the ventyalve and allow the pressure to fall to zero.
9.7.14 The impenetrablée volume V;j of the test specimen can be calculated from Formula (10):

Vi = (p2-Ychamber+ P2-Vexp - P1-Vchamber) /(P2 - p1) (10

9.8 Testsequence for method 2b

Three tests specimens of (25 x 25 x 25) mm are prepared. This will be the set r1. Once analysed, in
accordance with the procedure described in 9.7, these will be cut in two equal half parts and then
become the set rp. Repeat the analysis in accordance with 9.7. Afterwards, all the parts are divided
again in two equal parts having the set r3 and analysed according to 9.7. In this way:

set 1: formed by three test specimens of (25 x 25 x25) mm. Each test specimen is analysed separately;

set 2: formed by 6 test specimens of (25 x 25 x 12,5) mm. Each two test specimens coming from the
same r1 specimen are analysed together;

set 3: formed by 12 test specimens of (25 x 25 x 6,25) mm. Each four test specimens coming from
the same r1 test specimen are analysed together.

16 © IS0 2016 - All rights reserved
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Measuring the sets of test specimens in this way, the posterior extrapolation of the ratio S/V to zero
allows the evaluation of the cut during the test specimens preparation process.

The dimensions of each test specimen shall be determined separately in accordance with Clause 7.
The average dimensions of each set, formed by one, two or four test specimens, are calculated. These
averages are used for the calculation of the surfaces and geometric volumes. The test specimens of the
set r1 are weighted separately. Each group of two test specimens coming from r; and each group of four
test specimens coming from r3 are weighted together.

Once measured and weighted, the test specimens are analysed in accordance with the procedure
described in 9.7, having the percentage of closed/open cells.

The optained data will be treated as described in 9.9.
9.9 [Calculations and expression of results for method 2b

9.9.1| Geometric volume, Vg, in cm3:

— Fprry Vg=(AxBxC()

— Fprry  Vg=2x[(A1+A42)/2 x (B1+ B2)/2 x (C1 + (2)/2]

— Fprrs Vg=4x[(A1+ A2+ A3 + A4)/4 x (B1 + B2 + B3 + Bg) /4 x (C1+ C2 + C3 + C4) /4]

9.9.2| Surface area, S, in cm2:
— Fprry S=2AxB+AxC+BxC()
— Fprr; S=4{[(A1+A2)/2] x [(B1+B2)/2] +{{A1+A2)/2] x [(C1+ C2)/2] + [(B1+ B2) /2] x|[(C1 + C2)/2]}

pr r3 S=8 {[(A1 +A2 +A3 +A4.)/4-] X [(31 + Bz+ Bg + B4)/4] + [(Al +A2 +A3 +A4)/4] X [(C1+ C2 +
g + C4)/4] +[(B1 + B2+ B3 + Ba) /4] x [{€1+ C2 + C3 + C4)/4]}

(e

9.9.3| Volume percentage of open cells, wy

w} = [(Vg-Vi)/Vg] x 100 (11)

9.9.4| Volume percentage of closed cells and cell walls, ¥

¥, =100 - o (12)

10 (‘10rrection for specimen surface cells opened during specimen prepdration

10.1 For the pressure-variation method (see Clause 8)

After Vi has been determined for each of the (at least) three specimens, bisect each specimen three
times along its three centre planes to give eight cubes. Determine the impenetrable volume of each set
of eight cubes following 8.4.5 to 8.4.9 and record the average volume as V3.

10.2 For the volume-expansion method (see Clause 9)

Determine the apparent volume percentage of open cells in the test specimens, wy, corresponding to
various values of r (= §/ V).

Use at least three test specimens for each of three values of r (consisting of one parallelepiped for rq,
two parallelepipeds for rp, and four parallelepipeds for r3). These values will be used for plotting the
straight line wy = f(r) and its extrapolation to r = 0 which gives the desired wo.

© IS0 2016 - All rights reserved 17
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The cutting pattern for the different values of r is shown in Figure 1; an example of the straight line
wr = f(r) is shown in Figure 8.

NOTE Should this straight line intercept the ordinate below the origin, either the apparatus is not working
properly or the test procedure has not been followed properly.
wr A
_f\r
or ~ f )\ )
&é/
-
/////
Ao -
| | | | | | -
0 1 r 2 r, 3 4 K3 5 6 r
Key
Wy appdrent volume percentage of open cells
r geometrical-surface/volume ratio (S/Vg)
Figure 8 — Graph for determining the correction factor for cells opened during test speci

preparation

11 Expression of results

11.1 Apparent volume percentage of open cells

Calculate the

apparent volume-percentage of open cells, wy, of the test specimens from Formula (1

vV, +V

b
b

o =-211.100
V]

men

(13)

Vg is the geometrical volume, in cubic centimetres, of the test specimens determined in accord-
ance with 7.2;

Vi is the impenetrable volume, in cubic centimetres, of the test specimens determined in accord-
ance with either method 1 (see 8.5), method 2a (see 9.4.2) or method 2b (see 9.7.14).

11.2 Corrected volume percentage of open cells

11.2.1 For the pressure-variation method (see Clause 8).

18
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