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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

This International Standard evaluates the ability of corrugating medium to contribute to the compression
strength of a corrugated box. It is a procedure for measuring the edgewise compression strength of a
laboratory-fluted strip of corrugating medium. The corrugated medium is fluted by passing it between
heated rollers. Two different test procedures are then widely used.

a) The fluted corrugating medium is compressed immediately after fluting (i.e 20 s to 25 s after
fluting).

er standard

b)
1

Proc
diffe
of th

Since
Inten

Test
metH

NOTH

The fluted corrugating medinm is conditioned for 30 min to 35 min after fhlfing 1un

aboratory test conditions before being compressed.

bdure a) generally gives considerably higher results than those obtained with proce
Fences in results are claimed to be caused by the lower moisture content (andthus high
e unconditioned fluted corrugating medium.

considerable advantages are claimed for both procedures and-both are widely
national Standard describes both procedures.

od and short span compression test (SCT).

This testis sometimes referred to as CCT (corrugated crush test) or CFC (corrugated flute

Jure b). The
er stiffness)

r used, this

values and failure modes in this approach are expected to be different than those fofr ring crush

d crush test).
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INTERNATIONAL STANDARD

ISO 16945:2014(E)

Corrugating medium — Determination of the edge crush
resistance after laboratory fluting

1 Scope

This International Standard specifies two methods for the determination of the edge crush resistance

of a Wmmmm?mmm
medjum to be used after fluting in the manufacture of corrugated fibreboard.

2 Normative references

The
indig
refer

ISO 1

ISO 1
moni

ISO §

ISO 1
equif

3
For t

3.1
edge
CCT
maxi
befoi

Note

3.2
edgd

following documents, in whole or in part, are normatively referenced\in’ this docunj
pensable for its application. For dated references, only the editign)cited applies. I
ences, the latest edition of the referenced document (including any-amendments) appl

86, Paper and board — Sampling to determine average quality

87, Paper, board and pulps — Standard atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples

36, Paper and board — Determination of grammage

3820, Paper, board and corrugated fibreboard«=— Description and calibration of compre
ment

Terms and definitions

he purposes of this document, thefollowing terms and definitions apply.

crush resistance

corrugating

ent and are
For undated
es.

rocedure for

ssion-testing

mum edgewise compression force per unit length that a laboratory fluted test piece willl withstand

e onset of breakiunder the test conditions specified in this International Standard

1 to entry: Edgecrush resistance is expressed in kilonewtons per metre (kN/m).

crushresistance index

edge

crush resistance divided by the grammage

Note

1 to entry: The result is expressed in newton metres per gram (Nm/g).

4 Principle

The principle is as follows:

a) fluting of the paper by passing it between heated rollers and mounting in a holder with the flutes
placed vertically;

b) application of a compressive force and determination of the maximum force per unit length.
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5 Apparatus

5.1 Cutt

ing device, for cutting the test pieces to the required specifications, see Clause 8.

5.2 Fluter, consisting of a pair of matched steel corrugating rolls. The rolls shall be capable of being
maintained at a temperature of 175 °C + 8 °C. The temperature is controlled by any suitable method.

Check the te

mperature when the rolls are in motion.

One roll is motor-driven at 4,5 r/min # 1,0 r/min and the rolls are held in mesh by a force of (100 + 10) N
exerted between the rolls and distributed evenly across the teeth, under test conditions. In some
instruments, the force between the rolls is applied by a spring acting in a slide. In such instruments,

friction in this device can result in the force which acts upon the test piece being considerably less

the force re|
requiremen
the undrive

The essentig
roll d
roll ¢
num
radiy
radiy
dept

dista

Inordertoo
in dimensio
rolls should
rolls should

The fluter is idéutical to that used for ISO 7263(2].

quired to displace the rolls initially. When verifying that an instrument conforms’t
s given in this subclause, it is therefore necessary to measure the force required te pr¢
h roll from moving towards the driven roll, from a position about 200 pm away;

|l characteristics of each roll are the following (see also Figure 1):

iameter: 228,5mm = 0,5 mm;
hickness: 16 mm + 1 mm;

ber of teeth: 84 (see Note 3 below);

s of teeth at peak: 1,5 mm + 0,1 mm;
s of teeth at base: 2;,0 mm + 0,1 mm;
h of teeth: 4,75 mm + 0,05 mm;
nce between teeth (peak to peak around the arc): 8,55 mm # 0,05 mm.

ptimize the matching of pairs of rells, pairs of rolls should be selected in which the differg
hs between the two are substantially less than the tolerances shown. Prior to first usg
be run at the operating temperature for about 6 h with a mild abrasive on the teeth. Th¢
then be marked in some way'so that, after removal for cleaning or maintenance, they c
| with exactly the sameteeth in mesh.

srecommended to have a guiding device to help feed the test piece perpendicular to the corrug

some fluters, a full roll is not used.

than
b the
rvent

nces
b, the
b two
hin be

ating

reassembled
NOTE1 It
nip.

NOTE 2
NOTE3 In
2
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Dimensions in millimetres
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Figure 1 — Profile of corrugating rolls

5.3 | Holder, with a profile matching the profile of the corrugated medium, able to hold the test piece
so that the flutes are vertical. The holder can be opened forimounting of test pieces. A suitaple stopping
surfgce exists so that 6,35 mm width of the specimen is grasped by the holder (see Figure 2)

The fluted crush test piece holder should conform te'the same parallelism requirements as the crush
testar (see 5.4).

Dimensions in millimetres

12,7

Key
A  testpiece
B  test piece holder

Figure 2 — Test piece holder

5.4 Compression tester, a motor-driven, fixed-platen type compression tester in accordance with
1SO 13820.

© IS0 2014 - All rights reserved
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6 Sampling

If the tests are being made to evaluate a lot, the sample shall be selected in accordance with ISO 186. If
the tests are made on another type of sample, make sure that the specimens taken are representative of
the sample received.

7 Conditioning

Condition the samples in accordance with ISO 187.

8 Prepa

Cut at least
cut in the m|
and without

9 Procedure

The edge cryish test can be performed immediately after fluting (see 9:2) or after 30 min of reconditid

9.1 Gene
(see 9.3).
9.2 Testi)

If the test is
test piece fr

NOTE In|

test piece andl initiating the crushing force is 20 s-t0-25 s.

9.3 Testi)

If the test is
35 minin th
out on recor

9.4 Fluting and testing

Start the md

Feed a test J

ration of test pieces

achine direction. The long edges shall be parallel to within 0,01 mm over thellength,
defects.

ral

ng immediately after fluting

to be carried out immediately after flutingfthe total time between discharge of the f

a round robin performed in 2012, it was-shown that the minimum time required for mountir

ng after 30 min of reconditioning

to be carried out after reconditioning, the test pieces shall be reconditioned for 30 nj
e conditioning atmosphere used to condition the samples (see Clause 7). If the testis ca
ditioned samples;all of the test pieces can be formed prior to testing.

tor and-heat the corrugating rolls (see 5.2) to 175 °C + 8 °C.

ieceninto the fluter (5.2) with its longer side perpendicular to the nip.

bm the fluting rolls and the initial application of the crushing force shall be 20 s to 25 §.

10 test pieces in 12,7 mm #* 0,1 mm wide and 152 mm # 0,5 mm long, with the length being

Clean

ning

uted

g the

in to
rried

Mount the corrugated test piece in the holder (5.3) and place the holder in the centre of the lower plate
of the compression tester. Start the tester and read, to the nearest 1 N, the maximum force sustained by
the test piece.

Perform the crush tests either immediately (see 9.2) or after reconditioning (see 9.3). Repeat the
procedure for the remaining test pieces until a total of at least 10 results have been obtained.

© ISO 2014 - All rights reserved
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10 Calculation

10.1

Edge crush resistance

Calculate the edge crush resistance, CCT, (3.1) to the nearest 0,01 kN/m using Formula (1).

CCT=§

where

¢
1
]

To ag
migh

[an)

(o)

whet
recol

Repg
to th

10.2

If red

whet

)

[CT is the edge crush resistance in kilonewtons per metre;

is the maximum compression force in newtons;

is the length of the test piece, in millimetres, prior to corrugation.

rt the number of tests, the arithmetic mean,'and the standard deviation of all replicate
e nearest 0,01 kN/m.

Edge crush resistance index
juired, calculate the edge crush resistance index Y, using Formula (2).
= 1000xg
g

e
f is theredge crush resistance index in newton metres per gram;

"'CT «JIs the mean value of the edge crush resistance in kilonewtons per metre;

isthe grammage, in grams per square metre, determined in accordance with IS

9

Report the result to the nearest 0,1 Nm/g.

11 Test report

The test report shall include the following information:

a) areference to this International Standard;

b) the date and place of testing;

c) adescription and identification of the product tested;

© ISO

2014 - All rights reserved
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sist in the immediate identification of the method used to obtain thé results, for many{purposes, it
t be most convenient to express the results in the following form:

CTo =2,50 KN/m

CT30 = 2,20 KN/m

e CCT denotes “corrugated crush test” and the subscript denotes the time, in minutes, for
nditioning.

test results,

(2)

536.
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d) the conditioning atmosphere used;
e) method used to obtain the (CCTg or CCT3p);

f) report on the number of tests, the arithmetic mean, and the standard deviation of all replicate test
results, according to 10.1;

g) ifapplicable, the edge crush resistance index according to 10.2;

h) details of any deviation from this International Standard;

i) any other information that can assist in the interpretation of the results.

6 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=ee70eef6bc6189e2308554015582b58e

A1l

In M

coun

Thre
CCTy

The ¢lata are presented in Tables A.2 to A.4.
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Annex A
(informative)

Precision

General

hy 2012, an international round-robin was performed in which 11 laboratories from
[tries participated.

e fluting samples of different grammage were used in the comparative testing. For each
and CCT3p were determined.

falculations were made according to ISO/TR 24498[3] and TAPPKT 1200(Z1.

repeatability standard deviation reported is the “pooled~repeatability standard d¢

s5ix different

sample, the

viation that

e standard deviation is calculated as the root-mean-squdare of the standard deviaftions of the
participating laboratories. This differs from the conventionaldefinition of repeatability in I

b0 5725-1[11.

The repeatability and reproducibility limits reported are estimates of the maximum difference which
shoulld be expected in 19 of 20 instances, when comparing two test results for material simjilar to those
described under similar test conditions. These estimates might not be valid for different materials or
diffefent test conditions. Repeatability and reproducibility limits are calculated by multiplying the
repeftability and reproducibility standard deviations by 2,77.
NOTE1 The repeatability standard deviation and the within-laboratory standard deviation pre identical.
Howgver, the reproducibility standard déviation is not the same as the between-laboratories stand4rd deviation.
The yeproducibility standard deviatien includes both the between-laboratories standard devigtion and the
standard deviation within a laboratory. That is to say:
2 2 2 2 2
Jrepeatability = S within lab buit Sreproducibility = Swithin lab T Sbetween lab
NOTHE 2 2,77=1,96 \/2, pfovided thatthe testresults have anormal distribution and that the standqrd deviation,
s, is based on a large number of tests.
Table A.1 — Estimation of the repeatability, CCTy
Mean edge crush Repeatability Coefficient of Repeatability
Sample Number of resistance, standard deviation variation, limit
ITp laboratories CCTy Sr Cyr r
kN/m kN/m % N/m
Grade A 11 1,69 0,08 4,73 0,21
Grade B 11 2,28 0,11 4,82 0,31
Grade C 11 3,79 0,18 4,75 0,49
© ISO 2014 - All rights reserved 7
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Table A.2 — Estimation of the repeatability, CCT3g

Mean edge crush Repeatability Coefficient of Repeatability
Sample Number of resistance, standard deviation variation, limit
p laboratories CCT3o Sr Cyr r
kN/m kN/m % kN/m
Grade A 11 1,45 0,06 4,14 0,17
Grade B 11 2,05 0,09 4,39 0,25
Grade C 11 3,29 0,12 3,65 0,35
Table A.3 — Estimation of reproducibility, CCTy
Mean edge crush Reproducibility Coefficient of | Reproducibjlity
Sample Number of resistance, standard deviation variation, Jimit
p Iaboratories CCTy SR Cyr R
kN/m kN/m % kN/m
Grade A 11 1,69 0,21 12,43 0,58
Grade B 11 2,28 0,28 12,28 0,77
Grade C 11 3,79 0,41 10;82 1,13
Table A.4 — Estimation of reproducibility, CCT3o
Mean edge crush Reproducibility Coefficient of | Reproducibjlity
Sample Number of resistance, standard deviation variation, limit
p Iaboratories CCT3p SR Cyr R
kN/m kN/m % kN/m
Grade A 11 1,45 0,18 12,41 0,49
Grade B 11 2,05 0,25 12,20 0,70
Grade C 11 3,29 0,31 9,42 0,87
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