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"9 Designation: D 3775 - 85 (Reapproved 1990)

Standard Test Method for
Fabric Count of Woven Fabric?

. Scope o
E 1.1 This test method covers the measurement of fabric
unt and is applicable to all types of woven fabrics.

NoOTE |—Other lest methods for the measurement of fabric construc-

on characleristics include the following:

E D 3773 Tesi Methods for Length of Woven Fabric?
D 3774 Test Methods for Width of Woven Fabric?
& D 3776 Test Methods for Mass Per Unit Area (Weight) of Woven

. Fabric”
. D 3882 Tes1 Method for Bow and Skewness in Woven and Kaitied
¢ Fabrics®

D3883 Test Method for Yarn Crimp or Yarmn Takeup in Woven

Fabrics®

£ 1.2 This standard does not purport 1o address the safety

giate safety and health practices and determine the applica-
Wity of regulatory limitations prior to use.

1776 Practice for Conditioning Textiles for Testing®

§2.2 Other Standard: :
MIL-STD-105D Sampling Procedures and Tables for

- Inspection by Attributes?

80.1 Definitions:

£3.1.1 count, n—in woven textiles, the number of warp
#ms (ends) and filling yarns (picks) per unit distance as
inted while the fabric is held under zero tension, and is

¢ of folds and wrinkles.

3.2 For definitidns of other textile terms used in this test
thod, refer to Terminology D 123.

$41 The number of warp yarns (ends) per unit distance

i filling yarns (picks) per unit distance are determined
Mg suitable magnifving and counting devices or by rav-
g yarns from fabrics.

!This test method is under the jurisdiction of ASTM Committee D-13 on
des and is the direct responsibility of Subcommittee D13.59 on Fabric Test
ods, General.
Lurrcat edition approved July 26, 1985. Published September 1985. Replaces
fons 28 to 34 of Methods D 1910 - 64 (1975). Originally puiblished as
S ~ 79. Last previous edition D 3775 - 84,

Annual Book of ASTM Standards, Vol 07.02.
% Annual Book of ASTM Standards. Vol 07.01.
Available from Standardization Documents Order Desk. Bldg. 4 Section D,
Robbins Ave., Philadelphia, PA 19111-5094, Aun: NPODS.

This standard is issued under the fixed designalion D 3775; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the vear of last revision.
superscnpt epsilon (e) indicates an editorial change since the last revision or reapproval.

A number in parentheses indicates the year of last reapproval, A

S. Significance and Use

5.1 This test method is considered satisfactory for accep-
tance testing of commercial shipments because of prior
extensive use.

5.1.1 In case of a dispute arising from differences in
reported test values when using Test Method D 3775 for
acceptance testing of commercial shipments, the purchaser
and the supplier should conduct comparative tests to deter-
mine if there is a statistical bias between their laboratories.
Competent statistical assistance is recommended for the
investigation of bias. As a minimum, the two parties should
take a group of test specimens which are as homogeneous as
possible and which are from a lot of material of the type in
question. The test specimens should then be randomly
assigned in equal numbers to cach laboratory for testing. The
average results from the two laboratories should be com-
pared using Student's r-test for unpaired data and an
acceptable probability level chosen by the two parties before
testing is begun. If a bias is found, either its cause must be
found and corrected or the purchaser and the supplier must

agree to interpret future fest results in the light of the known
bias.

6. Apparatus

6.1 Use any suitable magnifying and counting device
(such as pick glass. rule and pointer. microfilm reader, or
projection equipment). _

6.2 Use a rule to measure the length of fabric to be
ravelled for a count of yams.

7. Sampling

7.1 Lot Sample—As a lot sample for acceptance testing.
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier. such as agreement to use
MIL-STD-105D. Consider rolls of fabric to be the primary
sampling units.

7.2 Laboratory Sample—As a laboratory sample, take a
full width swatch at least 2 m (2 yd) long from each roll of
fabric in the lot sample. Consider each point at which fabric
counts are made as a test specimen.

Note 2—For specimens nol obiained as directed in Section 7, the
results should nol be used for acceptance testing of a lot.

8. Conditioning

8.1 Condition specimens as directed in Practice D 1776.
8.2 Fabrics woven from yarns having a relatively low
moisture regain in the standard atmosphere for testing
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textiles and which are pot significantly affected by minor
variations in different atmospheric conditions. for example,
ny‘OﬂS, acrylic5, and pOlVCSlCFS. may be tested without
preconditioning. Fabrics woven from Yyarns composed
wholly or in part from wool, rayon, cotton. or acetate are
more sensitive to atmospheric changes and must be condi-
tioned pror to testing, except by agreement of all parties
interested in the test results.

8.3 When full rolls or bolts of fabric cannot be properly
conditioned in a reasonable time with available facilities,
perform the test without conditioning and report the actual
conditions prevailing at the time of the test. Such results may
not correspond with the results obtained after testing in the
standard atmosphere for testing textiles.

9. Procedure

9.1 General:

9.L.1 Unless otherwise specified in a prior agrecement
between purchaser and seller, make no count closer to a
selvage than one tenth of the width of the fabric, or within
0.5 m (0.5 yd) from the end of the roll or piece.

9.1.2 Where the specimen size is suflicient. count the
filling yams'(picks) in at least five different places so as 10
include as many shuttle changes as possible: if the specimen
is not large enough to sample as many as five different
shuttle yarns, count the yarns from as many different shuttles
as possible. Note this fact on the report.

9.1.3 For fabrics less than 125 mm (5 in.) wide, count all
the yarns in the width, including the selvage, and divide by
the actual width at that point.

9.1.4 In fancy weaves where one or more yarns do not
appear at regular, short intervals, make count measurements
over at lcast one full pattern repeat of each design compo-
nent.

9.2 For Fabrics Containing Less Than 1 Yarn Per MM
(25 YARNS PER IN):

9.2.1 Make the count over a 75-mm (3-in.) width in at
least five randomly designated places across the width of the
fabric sample. Successive filling yarn (pick) counts should be
taken at five different random points along the length of the
fabric laboratory sample (see 9.1.2).

9.3 For Fabrics Containing More Than 1 Yarn Per MM
(25 YARNS PER IN):

9.3.1 Count the number of yamms in 25 mm (1 in.) of
fabric width in at least five randomly designated places
across the width of the fabric sample %o that a different set of
yarns is counted each time. Successive filling yarn (pick)
counts should be taken at five different randomly designated
goinls along the length of the fabric laboratory sample (see

.1.2).

9.4 Optional Count Procedure—For fabrics in which indi-
vidual yarns cannot be readily distinguished for counting in
fabric, there are two ways to do this.

9.4.1 Ravel a piece of fabric parallel to the direction to be
counted to get a straight edge, then ravel and count the varns
in a 25 or 75-mm (1 or 3-in.) strip. Obtain the count in at
least five random places across the width of the fabric.
Successive filling yarn (pick) counts are 1o be taken at five
different random points along the length of the laboratory
sample (see 9.1.2).

9.4.2 The other procedure is 1o straight edge the fabric
perpendicular to the direction to be counted, mark off the
length in which the number of yarns is to be counted and
then count the number of protruding varns between the two
marks.

10. Calculation

10.1 In both warp and filling counts, calculate the fabric
count as the average of all observations made in integra]
units.

11. Report

1.1 State that the specimens were tested as directed in
Test Method D 3775, Describe the material or product
sampled and the method of sampling used.

11.2 Report the following information:

11.2.1 Average number of warp ends and filling picks per
25 mm (or per in.) calculated to the nearest individual varn;
stating the warp count first thus:

" Fabnic Count = 100 x 30

(The result is 10 be read as “one hundred by forty™ not as
4000.)

11.2.2 Size of the paitern repeat, size of each design
component in the pattern. and the total varns in each
measured component for fabrics having fancy weaves,

11.2.3 Number of shuttle changes sampled if less than
five, and

11.2.4 Atmospheric conditions under which the tests were
conducted and whether the specimens were conditioned as
directed in Practice D 1776. - )

12. Precision and Bias

12.1 Summary—In comparing two averages of five obser-
vations when measuring the warp or filling count of a woven
fabric, the difference should not exceed about 0.42 ends or
picks/in. in 95 out of 100 cases when all the observations
were taken by the same well-trained operator using the same
picce of equipment and specimens randomly drawn from the
same sample of material. Larger differences are likely under
all other circumstances. The procedure in Test Method
D 3775 for counting ends and picks has no known bias and
is used as a referee method.

12.2 Imterlaboratory Test Data®*—An interlaboratory test
was run in 1981 in which randomly drawn specimens of four
materials were tested in each of four laboratories. Two
operators in each laboratory each tested two specimens of
each material for both warp count and filling count. The first
fabric was a 65 % polyester and 35 % cotton seersucker type
basket weave. The second fabric was a 65 % polyester and
35 % cotton gingham check. The third fabric was an 88 %
cotton and 12 % polyester corduroy. The fourth fabric was a
100 % cotton denim. Warp counts ranged from about 50 t0
130 ends/in., and filling counts ranged from about 50 to 125
picks/in. The components of variance for warp count and for
filling count expressed as standard deviations were calculated
to be as follows:

% Supporting data are available on loan from ASTM Headquarten. Request
RR. D-13-1067.
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Single- Within- Between-
Operator Laboratory Laboratory
Component  Component Component

Single Material Companisons:

Warp or Filling Counts 0.337 0.000 0.458
Aulti-material Camparisons®:

Warp Counts 0.551 0.000 0.383

Filling Counts 0.000 0.000 0.736

NoTE 3—The square roots of the componenis are being reported to
capress the variability in the appropriate unil of measure rather than as
the square of those units of measure.

12.3 Precision—For the components of variance reported
in 12.2, two averages of observed values should be consid-
ered significantly different at the 95 % probability level if the
difference equals or exceeds the critical differences in Table
I.

Nott 4—The 1abulaied values of the critical differences should be
considered 10 be a general stalemenl. panticularly with respect to
beiween-laboralory precision. Before a meaningful slaicrent can be
made about two specific laboratodics, the amount of statistical bias, if
any. between them must be established with cach such comparison
being based on secent data obtained on specimens taken from a lot of
material of the type being cvaluaied so as to be as nearly homogenecous

The single-operator components for multi-material -Comparisons are in
addition to the single-opcrator components for single-material comparisons and
are not reduced by replication. .
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This standard is subject (o revision al any time by the responsible
if not revised, either reapproved of withdrawn. Your comments are wnvited either for revision of s standard or for additional standards
and should be addressed to ASTM Heedquarters. Your commenis will receive careful consideration at & meeling of the responsible

\ lechnical committee. which you may sttend. If you feel that your comments have nat received 8 fair heering you should make your
views known lo the ASTM Committee on Standards, 1916 Raca St., Philadelphia, PA 19103.
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TABLE 1 Critical Differences for the Conditions Noted, 95 %
Probability Level, Ends or Picks/in.4

Onarvtions Single- Within- Between
in Each Operator Laboralory Laboratory
Average Precision Precision Precision

Single-malerial Comparison {warp or filing counl)
1 0.93 s 093 1.58
5 0.42 0.42 1.34
10 0.30 0.30 1.30
20 0.2 0.21 1.29
Mufi-malerial Comparison (warp count only)
1 1.79 1.79 2.08
5 1.58 1.58 1.9
10 1.56 1.56 1.88
20 1.54 1.54 : 1.87
Multi-material Comparison (flling count only)
1 093 093 2.24
5 0.42 042 2.08
10 0.30 0.30 2.06
20 o2t 021 2.05

4 The critical differences were calculated using f = 1.960 which is based or
infinite degrees ol freedom. :

as passible and then randomly assigned in cqual numbers to each of th
laboratories.

12.4 Bias—Test Mcthod D 3775 for counting ends anc
picks in woven fabrics has no known bias and is used as :
referee method. ] : ’

13. Keywonié . -
13.1 construction; woven fabric

The American Society for Testing and Materials 1akes no position respecting the validity of any patent rights asserted in conneaction
with any item mentioned in this standard. Users of this standard are
patent rights, and the nisk of intringement of such rights, are entirely their own responsibility.

expressly advised lhat determination of the validity of any such

technical commitiee and must be reviewed every five years and



an’ Designation: D 3776 - 85 (Reapproved 1990)

Standard Test Methods for

Mass Per Unit Area (Weight) of Woven Fabric?

This standard is issued under the fixed designation D 3776: the number immediately following the designation indicates the year of
original adoplivn or. in the case of revision, the year of last revision. A number in parcntheses indicales Lhe year of last reapproval. A
superscript epsilon {¢) indicates an editorial change since the last revision or reapproval.

§. Scope

1.1 These test methods cover the measurement of fabric
mass per unit area (weight) and are applicable to all woven
fabrics.

NoTE™ t—Other test melhods for the measurement of fabric consiruc-
lion charactenistics include the following:

D 3773 Test Methods for Lengih of Woven Fabric?

D 3774 Test Mcthods for Widih of Woven Fabric?

D 3775 Test Method for Fabric Count of Woven Fabric?

D 3882 Test Meithod for Bow and Skewness in Woven and Kanitted

Fabrics?
D 3883 Test Method for Yam Crimp or Yarn Takeup in Woven
Fabrics?

1.2 There are four approved procedures as follows;

1.2.1 Option A—Full Piece, Roll, Bolt or Cut (Section 7).

1.2.2 Option B—Full Width Sample (Section 8).

1.2.3 Option C—Small Swatch of Fabric (Scction 9).

1.2.4 Option D—Narrow Fabrics (Section 10).

1.3 This standard does not purport 1o address the safety
problems associated with its use. It is the responsibility of
whoever uses this standard to consult and establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
21 ASTM Standards:
D 123 Terminology Relating to Textiles?
D 1776 Practice for Conditioning Textiles for Testing?
D 3773 Test Methods for Length of Woven Fabric?
D 3774 Test Methods for Width of Woven Fabric?
2.2 Other Standard:
MIL-STD-105D Sampling Procedures and Tables for
Inspection by Attributes*

3. Terminology

3.1 Definitions:

3.1.1 weight. n—as used with fabrics, mass per unit area.

3.1.1.1 Discussion—Fabric mass per unit area is ex-
pressed either as grams per square metre (ounces per square
yard), or grams per linear metre (ounces per linear- yard).

abric mass is also sometimes expressed inversely as linear

—

! These test methods are under the jurisdiction of ASTM Committee D-13 on
Texules and are the dircct responsibitity of Subcommitice D13.59 on Fabric Test
Methods, General.
Current edition approved July 26, 1985. Published September 1985. Replaces
Clions 35 10 41 of Mcthods D 1910 - 64 (1975). Originally published as
D 3776 - 9. Last previous cdition D 3776 - 84,
¥ Annual Bouk of ASTM Standards, Vol 07.02.
> danual Book of ASTM Standards, Vols 07.01.
* Available from Standardization Documents Order Desk, Bidg. 4 Section D,
Robhins Ave.. Philadelphia, PA 1914 1-5094, Aun: NPODS.

metres per kilograms (yards per pound) with the fabric width
stated.

3.2 For definitions of other textile terms used in these test
methods, refer to Terminology D 123.

4. Summary of Test Methods

4.1 Fabric mass is calculated from the weight of a sample,
the length and width of which have been mecasured as
directed in one of the procedures in Test Methods D 3773
and D 3774,

5. Apparatus

5.1 Scale, with a capacity and sensitivity sufficient to
weigh the full picce. roll, bolt. or cut units to within £0.1 %
of their gross weight. The accuracy of the scale should be
certified by a recognized authority. :

5.2 Balance, having a capacity and sensitivity to weigh
within £0.1 % of the weight of the specimens being tested.

5.3 Cutting Die, either square or round with an area of at
least 13 cm?® or 4 in.2

6. Conditioning

6.1 Condition test specimens as directed in Practice
D 1776. '

6.2 All weighing tests should be made in the standard
atmosphere for testing textiles after the specimens have been
conditioned in the same atmosphere unless it is impractical
to condition the specimens in Option A or if nonconditioned
testing is agreed upon by the purchascr and seller. When the
full rolls or bolts of fabric cannot be properly conditioned in
a reasonable time with available facilities. perform the tests
without conditioning and report the actual conditions pre-
vailing at the time of the test. Such results may not
correspond with the results obtained after testing adequately
conditioned specimens in the standard atmosphere for
testing textiles.

7. Option A—Full Picce, Roll, Bolt, or Cut

7.1 Uses and Significance—Option A for the determina-
tion of mass per unit area of woven fabrics may be used for
acceptance testing of commercial shipments since it has been
used extensively in the trade.

7.1.1 In case of a dispute arising from differences in
reported test values when using Test Methods D 3776 for
acceptance testing of commercial shipments, the purchaser
and the supplier should conduct comparative tests to deter-
mine if there is a statistical bias between their laboratories.
Competent statistical assistance is recommended for the
investigation of bias. As a minimum, the two parties should
take a group of test specimens which are as homogeneous as
possible and which are from a lot of material of the type in
question. The test specimens should then be randomly
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wsigned in cqual numbers to each laboratory for testing. The

yverage results from the two laboratories should be com-

phared using student’s t-test for unpaired data and an accept-

'_'ble probability level chosen by the two parties beforc testing

is begun. If a bias is found, either its cause must be found and

corrected or the purchaser and the supplier must agree to

interpret future test results in the light of the known bias.
7.2 Sampling—As a lot sample for acceptance testing,

1ake at random the number of rolls of fabric as directed in an

applicable material specification or other agreement between

the purchaser and the supplier. such as agreement to usc

;MIL-STD-IOSD. Consider rolls of fabric to be the primary

sampling units. Consider the rolls of fabric in the lot sample

‘as the laboratory sample and as the test specimens.

i 7.3 Procedure:

" 7.3.1 Measure the length of the full piece, roll, bolt, or cut

by the hand procedure in Test Methods D 3773

7.3.2 Measure the width by the tension-free alternative of

Option A of Test Methods D 3774.

- 7.3.3 Weigh the fabric. with shell and holder. if any, to the

‘nearest 0.1 % of its weight.

" 7.3.4 Weigh the holder, if any, to the ncarest 0.1 % of its

‘weight.

i 7.4 Calculations:

i 7.4.1 Determine the net weight of the fabric by sub-

fracting the weight of the holder from the total weight.

L' 7.4.2 Calculate the mass per unit arca, mass per linear

vard. or linear yards per pound to three significant figures.

unless otherwise specified. using Eq 1, 2, 3, or 3a, as follows:

.‘Ia.r.s per unii area:
' oz/vd® = $76.M/ LW ()

i‘la vs por yard:
) oz/yd = 16M/L )
Lincar vards per pound:

vd/lb = L/A : 3)
vd/Ib = 16 oz/vd (3a)
‘\where:
M = mass of fabric. in pounds.
L = length of fabric. in yards. and
' = width of fabric. in inches.

7.4.3 If preferred. convert the U.S. customary units to Sl
units using Eq 4, 5, or 6. as follows:

Mass. g/m? = oz/vd® x 33.906 (4)
Mass. g/m = oz/yd x 31.000 (3)
m/kg = vd/Ib X 2.016 (6)

7.4.4 Alternatively, dimensions and mass may all be
determined in SI units and mass per unit area calculated
{ using Eq 7, 8. or 9. as follows:

g/m® = 10°M/LW N
g/m = 10°M/L (8
m/kg = L/Af 9)
where:
M mass of fabric, in kilograms.

L = length of fabric. in metres, and
It = width of fabrc. in melres.
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8. Option B—Full Width Sample

8.1 Uses and Significance:

8.1.1 This procedure is applicable to a full-width sample
cut from a full piece, roll, bolt, or cut. Unless otherwise
specified, these results will include selvages and will be on the
basis of conditioned fabric.

8.1.2 Option B is not reccommended for the acceptance
testing of commercial shipments, since Option A is regularly
used for that purpose.

8.2 Sampling:

8.2.1 Lot Sumple—As a lot sample for acceptance testing,
take at random the number of rolls of fabric as directed in an
applicable material specification or other agreement between
the purchaser and the supplier, such as agreement to use
MIL-STD-105D. Consider the roll of fabric to be the
primary sampling units.

8.2.2 Labaratory Sample—From each roll or piece in the
lot sample, cut—don't tear—at [&ast one laboratory sample
the full width of the fabric and at least 250 mm (10 in.) in
length. The cut edges must be a straight line, free of
indentations or bulges, unless both edges have been made to
trace parallel filling yarns. In this procedure the complete
laboratory sample is used as the specimen.

8.3 Procedure:

8.3.1 Measure the length of the conditioned specimen by
the hand procedure of Test Methods D 3773.

8.3.2 Measure the width by the tension-free alternative of
Option A of Test Methods D 3774. .

8.3.3 Weigh the specimen in grams on a scale or balance
to the nearest 0.1 % of its weight. :

8.4 Calculations:

8.4.1 Calculate the mass per unit area, mass per linear
yard. or linear yards per pound to three significant figures.
unless otherwise specified, using Eq 10, 11, 12, or 12a, as
follows:

Mass per unit ared:

oz/yd® = 45.72G/L,W (10)
Mass per linear yard:
oz/yd = 1.27G/L, an
Linear vards per pound:
vd/lb = 16/oz per linear yd 4 (12)

yd/lb = 12.6L,/G (12a)

where:
G = mass of specimen, in grams,
L, = length of specimen, in inches, and
W = width of specimen. in inches.

8.4.2 If preferred, convert the U.S. customary units to Sl
units using Eq 4. 5, or 6 in 7.4.3.

8.4.3 Alternatively, dimensions and mass may all be
determined in S! units and calculated using Eq 13, 14, or 15.
as follows:

Mass per unit area:

g/m? = 10°G/L W (13
Mass per lincar metre:
g/m = 10°G/L, a4
Linear metres per kilogram:
m/kg = L,/G (s
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nent to the nearest whole number of loops.

12.7 Calkulations—Calculate the average number of wale
loops and course loops (o the nearest 0.3 loop per cm (0.1
loop per inch).

12.8 Report:

12.8.1 State that the specimens were tested as directed in
ASTM Specification D 3887, Describe the material or
preduct sampled and the method of sampling used.

12.8.2 Report the following information:

12.8.2.1 Average number of wale loops and course loops
per 2.5 cm (or per in.) calculated 10 the nearest individual
varn: stating the wale loop count first,

" 12.8.2.2 Size of the pattern repeat, size of each design
component in the pattern, and the total varns in cach
measured component for fabrics having fancy knits.

12.8.2.3 Ambicnt temperature and relative humidity con-
ditions under which the tests were conducted and whether
the specimens were conditioned as directed in Section 7.

12.9 Precision and Accuracy:

12.9.1 Precision—The precision of
counting wale loops
being established.

12.9.2 Accuracy—This method for counting wale loops

and course loops in knitted fabrics has no known bias and is
used as a referee method.

this method for
and course loops in knitted fabrics is

13. Bursting Strength

13.1 Determine the bursting strength of at least five
specimens as directed in Test Method D 3786 using the
diaphragm bursting strength tester or Test Method D 3787
using the CRT ball burst tester as agreed between all
interested parties. In the case of controversy, the CRT ball
burst tester method in Test Method D 3787 shall prevail.

13.1.1 The specimens may be tested under prevailing
umospheric conditions, except in the settlement of a dis-
pute. In the latter case, tests shall be made on specimens
‘onditioned as described in Section 7.

13.1.2 Calculate the arithmetic mean of the results of the
ive tests as the average bursting strength of the fabric.

Nove 4—There is no overall correlation between the results obtained
ith the CRT machine equipped with a bursting sirength attachment
nd the diaphragm bursting tesier. Consequently, these two bursling

The American Society for Testing and Malerials takes no
with any item mentioned in this stan
palent rights, and the risk of intring

and should be addressed (o ASTM Headquarters. Y.
lechnical committee, which you may attend. If you fee!

our comments will receive careful

D 3887

testers cannot be used intcrchangcably.

I4. Extractable Matter

14.1 Determine the exlfactable matter of the fa
directed in Test Method D 2257,

NOTE 5—The bursling siren
test,

bric as
glh lest specimens may be used for this

15. Fiber Composition

15.1 Determine the fiber composition of the fabric as
directed in the methods for the quantitative analysis of
textiles described in Methods D 629,

CONFORMANCE

16. Conformance ' .

\
16.1 The purchaser and the seller may agree on a proce-

dure to establish conformance, including control chans
furnished by the seller, a sequential-sampling plan, or the
double-sampling plan outlined in 16.2.

16.2 In" the absence of a control-chart or sequential-
sampling plan, proceed as directed in 16.3 through 16.5.

16.3 If the test results for the lot conform 1o the require- |

ments for all characteristics specified in 4.1, consider the lot
a valid delivery.

16.4 If the test results for one or more characteristics do
not conform to the requircments, take 2 new laboratory
sample from cither the original lot sample or a pew lot
sample. Test the new sample for the characteristic(s) that did
not conform to the requirements in the first test, and average
the results of the first and second samples as il all results were
from one test of double the original number of specimens. If
the new average(s) conform(s) to the specified requirements,
consider the lot a valid delivery.

16.5 If the test results obtained as directed in 16.4 do not

conform to the specified requirements, consider the lot a
nonvalid delivery. .

. 17. Indexing Terms

17.1 This standard is indexed under the following terms:
knitted fabric yield, mass, width, length, construction,
bursting strength, extractable matter, and fiber composition.

position respecting the validity of any patent rights asserted in connection
dard. Users of Ihis standard are expressly advised that determination of the validity of any such
ement of such rights, are enlirely lheir own responsibitity.

consideration at a meeting of the responsible

that your comments have not received a fair hearing you should make your
views known lo the ASTM Committee on Standards, 1976 Race St.,

Philadsiphia, PA 19103,
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= mass of specnmen in grams,

1, = length of specrmen in millimetres, and
by’ = width of specimen, in millimetres.

lh. Option C—Small Swatch of Fabric

b 9.1 Uses and Significance:
- 9.1.1 This procedure is applicable when a small swatch of
bnc is sent to the laboratory to be used as the test
cimen. The results are considered to be applicable to the
ample only and not necessarily to the lot from which the
fomple was taken.
© 9.1.2 Measurements by this method do not include sel-
. .gcs and should be reported as such, unless a selvage
hllowance is specified.
| 9.1.3 Option C is not recommended for acceptance testing
h{ commercial shipments since Option A is regularly used for
] '-. at purpose.
1 9.2 Samplme—Smcc this option is used only when lim-
ncd fabric is available and should not be used for acceptance
fampling, prepare such specimens from small swatches as is
Epossible.
E 9.3 Preparation of Specimens—Prepare n condmoned
secimen having an area of at least 130 cm? (20 in. Y ora
mumber of smaller die cut specimens taken from different
.Iocations in the sample and having a total area of at Icast 130
em® (20 in.2) Do not take these specimens closer than one
enth of the fabric width to a selvage or cut edge. If
finsufMicient fabric is available to meet these criteria, note that
fact in the report.
' 9.4 Procedure:
*9.4.1 Determine the area of the specnmcn(s) used. For
die-cut specrmens, the area of the die.is normally given. For
other specimens, multiply the length by the width.
§ 9.4.2 Weigh the specimen(s) to within 0.1 % of weight
on a balance. Specimens of a fabric may be weighed together.
E 9.5 Calcdations:
9.5.1 Calculate the weight in ounces per square yard,
unces per linear yard or linear yards per pound to three
significant ﬁgures using Eq 10 (8.4.1), 16, or 17, as follows:

Mass per linear )ard

ozfyd = 1.21GW/LW, (16)
Lmeur vards per pound:
ydflb = 12.6L,W,/GW (n

Where:
mass of specimen, in grams,
width of fabric, in inches,
width of spccimen in inches, and
length of specimen, in inches.

9 52 1If preferred convert the U.S. customary units to SI
Units by using Eq 4, 5, or 6 in 7.4.3.

9.5.3 Alternatively, dimensions and mass may be deter-
Mined in SI units and calculated using Eq 13 (8.4.3), 18, or
119, as follows:

G
W
W,
L,

mnowon

Masy per linear metre:

g/m = 10°GW/LW, (18)
Lincar meire per kilogram:
mikg = L,W,/GW (19)
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mass of specimen, in grams,

width of fabric, in millimetres,

length of specimen, in millimetres, and
width of specimen in millimetres.
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10. Option D—Narrow Fabrics

10.1 Uses and Significance:

10.1.1 This procedure is intended for use with narrow
fabrics as so desrgnated by the trade. These fabrics are usually
300 mm (12 in.) in width or less, have a selvage on both sides
and are woven on multishuttle looms.

10.1.2 Option D is not recommended for acceptance
testing of commercial shipments since Option A is regularly
used for that purpose.

10.2 Sampling: .

10.2.1 Lot Sample—As a lot sample for acceptance
testing. take at random the number of rolls of fabric as
directed in an applicable material specification or other
agreement between the purchaser and the supplier, such as
agreement to use MIL-STD-105D. Consider the rolls of
fabric to be the primary sampling units.

10.2.2 Laboratory Sample—From each roll or piece in’
the lot sample, cut a conditioned laboratory sample | m + 3
mm (36.0 + 0.10 in.) long perpendicular to the selvages.
Take a minimum of three such laboratory samples from
different places, distributed as evenly as practicable along the
length. of the roll or piece. In this procedure a complete
laboratory sample is used as a specimen.

10.3 Procedure:

10.3.1 Measure the width of the fabric to the nearest |
mm (0.125 in.) by the tension-free alternative of Option A of
Test Methods D 3774,

10.3.2 Weigh each specimen to within *0.1 % of its
weight on a scale or balance.

10.4 Calculations:

10.4.1 Calculate the average mass as ounces per linear
yard or linear yards per pound using Eq 11, 12, or 12a from
8.4.1.

10.4.2 If preferred, convcn the U.S. customary units to Sl
units using Eq 5 or 6 in 7.4.3.

10.4.3 If all measurements are made in Sl units, use Eq 14
or 15 in 8.4.3.

11. Report

11.1 State that the tests were made as directed in Option
A (or B or C or D) in Test Methods D 3776. Describe the
material or product sampled and the method of sampling
used.

11.2 Report the following information:

11.2.1 Option used to measure fabric mass per unit area.

11.2.2 Fabric mass in ounces per square yard, or ounces
per linear yard, or in yards per pound, to three significant
figures.

11.2.3 Fabric mass in grams per square metre, Or grams
per linear metre, or metres per kilogram, to three significant
figures.

11.2.4 Fabric width if mass is reported as mass per linear
metre (yard) or metres per kilogram (yards per pound).

11.2.5 State whether the fabric weight includes or does not
include selvages, and
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11.2.6 Atmospheric conditions under which the tests were
conducted and whether the specimens were conditioned as
directed in Practice D 1776. .

12. Precision and Bias

12.1 Summarp—In comparing two averages of four ob-
servations when using Option B of Test Methods D 3776, the
difference should not exceed the following amounts in 95 out
of 100 cases when all of the observations were taken by the
same well-trained operator using the same piece of equip-
ment and specimens randomly drawn from the same sample
of matenial:

Seersucher 0.125 oz/yd®
Gingham 0.080 oz/vd”
Corduroy 0.330 oz/vd*
Denim 0.105 oz/yd*

Larger differences are likely under all other circumstances.
The procedure in Option B of Test Methods D 3776 has no
known bias and is used as a referee method. .

12.2 Interlaboratory Test Data—An interlaboratory test
was run in 1981 in which randomly drawn specimens of four
materials were tested in each of four laboratories using
Option B of Test Methods D 3776. Two operators in each
laboratory each tested two specimens of each material for
mass per unit area. The first fabric was a 65 % polyester and
35 % cotion seersucker type basket weave. The second fabric
was a 65 % polyester and 35 % cotton gingham check. The
third fabric was an 88 % cotton and 12 % polyester cor-
duroy. The fourth fabric was a 100 % cotton denim. The
components of variance for fabric mass per unit area
expressed as standard deviations were calculated to be as
follows:

Average Single- Within- Between-
Mass per Operator Laboratory Laboratory

Unit Area Compo- Compo- Compo-
nent nent neat
. Scersucher 6.1 az/yd* 0.091 0.000 0.023
Gingham 2.90 ozvd® 0.029 0.000 0.01)
Corduroy 10.42 oz/vd? 0.119 0.073 0.082
Dxenim 145 oypvd® 0.038 0.066

0.000

Note 2—The square roots of the components are being reported to
express the variability in the appropriate unit of measure rather than as
the square of those units of measure.

12.3 Precision—For the components of variance reported
In 122, two averages of observed values should be consid-

TABLE 1 Critical Differences for the Conditions Noted, 95 %
Probability Level, Option B, Mass per Unit Area® -

Number of -
Observa-  Single- Within- Betweg,,
Fabric tions in Operator Labora- Labora.
Each Precision Pr tory tory
Average ecision  Precsion
Seersucker 1 0.249 0.249 0.2s57
{6.11 oz/yd?) 4 0.125 0.125 0.140
8 0.088 0.088 0.109
16 0.062 0.062 0.089
Gingham 1 0.080 0.080 0.118
(2.90 oz/yd?) 4 0.040 0.040 0.095
8 0.028 0.028 0.030
16 0.020 0.020 0.088
Corduroy 1 0.330 0387 0.449
(10.42 oz/yd} 4 0.165 0.261 0.34
8 0.117 0.234 0.326
16 0.082 0.218 0.315
Denim . 1 0.105 .105 0.211
(7.45 oz/yd?) 4 0.053 053 0.190
8 0.037 0.037 0.187
16 0.026 0.026 0.185

4 The critical differences were calculaled using { = 1.960 which is based on i
infinite degrees of freedom.

ered significantly different at the 95 % probability level if the
differepce equals or exceeds the critical differences in Table
L )

NOTE 3—The tabulated values of the critical differences should be
considcred to be a general statement, particularly with respect to
between-laboratory precision. Before a meaningful statement can be
made about two specific laboratories, the amount of statistical bias, if
any, between them must be established with cach comparison being
based on recent data obtained on specimens taken from a Jot of material
of the type being evaluated so as to be as nearly homogeneous as possible

and then randomly assigned in equal numbers to cach of the laborato-
rics.

12.4 Bias—Option B in Test Methods D 3776 for mea-
suring mass per unit area (weight) of full width samples has
no known bias and is accepted as a referee procedure. The
accuracy of the other procedures in Test Methods D 3776
has not been established. Fabric weights of unconditioned
fabric will be affected by the past history of the product.

13. Keywords
13.1 mass per unit area: woven fabric

The American Society for Tesling and Materials takes no position respecting the validity ol any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity ol any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and musl be reviewed every live years and
il nol revised, either reapproved or withdrawn. Your comments are invited either for ravision of this standard or for additional standards
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qsn') Designation: D 3887 - 80¢?

Standard Specification for
Knitted Fabrics’

This standard is issued under the fixed designation D 3K87: the number immediately following the designation indicates the year of
original adoption or. in the casc of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilan (o) indicates an edilural change since the last revision or reapproval.

¢INGTE—Section 3.3 was changed and Section 17 was added vditorially 1n May 1986,

€ N —Section 3.1 was changed editorially in August 1988,

1. Scope

1.1 These specifications and mcthods apply to the fol-
lowing propertics associated with knitted fabrics:  vield.
weight (mass). width. length. fabric count. bursting strength.
moisture regain. thickness. extractable matter. and fiber
composition.

1.2 When a fabric requires special treatment, specific
methods will be described as they are developed for that
malenial. and such special tests will have precedence over
these general requirements.

Nont 1=The salues stated in the 81 are 10 be regarded as the
standard.

2. Referenced Documents

2.1 ASTM Srandards:

D 123 Terminology Relating to Textiles®

D 629 Test Mcthods for Quantitative Analysis of Textiles®

D 1777 Mcthod for Measuring Thickness of Textile
Materials®

D 1909 Table of Commercial Moisture Regains for Textile
Fiberss -

D 2257 Test Method for Extractable Matter in Textiles®

D 2494 Test Mcthod for Commercial Mass of a Shipment
of Yarn or Man-Made Staple Fiber or Tow?

D 2654 Test Methods for Moisture Content and Moisture
Regain of Textiles®

D 2720 Practice for Calculation of Commercial Wcight
and Yicld of Scoured Wool. Top, and Noil for Various
Commercial Compositions®

D 2905 Practice for Statements on Number of Specimens
for Textiles®

D 3773 Test Methods for Length of Woven Fabric?

D 1774 Test Mcthods for Width of Woven Fabric!

D 3776 Test Mcthods for Mass per Unit Area (Weight) of
Woven Fabric?

D 3786 Test Method for Hydraulic Bursting Strength of
Knitted Goods and Nonwoven Fabrics—Diaphragm
Bursting Strength Tester Method?

D 3787 Test Method for Bursting Strength of Knitted
Googs—Conslant-Rate-oI‘-vaerse (CRT). Ball Burst
Test’

! This specification is under the jurisdiction of ASTM Commitice D-13 on
Textiles and is the direct responsibility of Subcommitiee D13.56 on Performance
Standards for Tealile Fabrics.

Cument edition approved March 24, 1980. Published Junc 1950,

2 Anmiead Book of ASTAL Stanclurds. Vol 07.01.

> Annval Hook of ASTAI Standards, Vol 07.02.

2.2 Odher Documents:
Textile Fiber Products Identification Act?
Wool Praducts Labeling Act of 1939*

3. Definitions

3.1 bursting strength, n—the force required to rupture 3
fabric by distending it with a force. applied at right angles tg
the plane of the fabric. ]

3.2 commercial alloveance, n—an arbitrary value equal to'
the commercial moisture regain plus a specific allowance for
finish, formally adopted for use with the oven-dry weight
when calculating the commercial weight of a shipment or
delivery (for explanation, see Test Method D 2494).

3.3 commercial mass, n—Dbilled weight (mass) as deter
mined by a generally accepted method or as agreed to by the
purchaser and the scller.

3.3.1 Discussion—The basis for determining the commer-
cial weight (mass) of a shipment of textile product is
gencrally one of the following:

3.3.1.1 Man-Made Fibers:

(¢) CMRU Basis (commercial moisturc regain  with,
unscourcd material)—the weight (mass) of unscoured, mois
ture-frce textile product plus the weight (mass) come:!
sponding to its commercial maoisture regain.

(h) CMRS Basis (commercial moisture regain with
scourcd material)—the weight (mass) of moisture-free textik
product after scouring by definite prescribed methods plus
the weight corresponding to its commercial moisture regain

(¢) CAS Basis (commercial allowance with scoured mate
rial)—the weight (mass) of moisture-free textile product after
scouring by dcfinite prescribed methods plus the weigh
corresponding to its commercial allowance.

(d) UN Basis (unadjusted net)—the weight (mass) o
unscoured textile product with no adjustment for
amount of moisture, finish, or both.

3.3.1.2 Wool:

(@) CC Basis (commercial composition)—the weigh!
(mass) of wool base as determined by definite prescri }
methods plus the weights (masses) of moisture and oth¢h

+ Act of Congress. ~Textile Fiber Products Identification Act.” 85th Congres'

Sccond Session, approved Sept. 2, 1958,
* Act of Congress. “Wool Products Labelling Act of 1939." 761h Congre®

Third Scssion. approved Oct. 14, 1939,
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componenis corresponding to the commercial composition
of the commercially designated material (for explanation. see
Recommended Practice D 2720).

(b) UN Basis (unadjusted net)—the weight (mass) of
unscourt’d textile product with no adjustment for the
amount of moisture, finish, or other components.

3.4 commercial moisture regain, n—an arbitrary value
formally adopied as the rcgain to be used with the oven-dry
weight when calculating the commercial weight of a ship-
ment or delivery (sce Table D 1909).

3.5 finished fabric weight, n—mass per unit area ex-
presscd in grams per square metre (ounces per square yard),
grams per lincar metre (ounces per lincar yard), or inverscly
as metres per kilogram (linear yards per pound), or square
metres per kilogram (square yards per pound).

3.5.1 Discussion—When weight (mass) is based on metres
or linear vards, the fabric width must be stated.

3.6 finished yield. n—in knitted fabrics. the number of
finished square yards per pound (square metres per kilo-
gram) of finished fabric.

3.7 greige vield, n—in knitted fabrics. the number of
finished square yards per pound (square metres per kilo-
gram) of gricge fabric.

3.8 knitted fabric. n—a structure produced by inter-
looping one or more ends of yvarn or comparable material.

3.9 knitted fabric count. n—the number (counted units) of
wale loops and course loops per 25 mm (per inch).

3.10 length, n—in fubric, the distance from one end to the
other, measured parallel to the selvage or flattened tube edge
of fabric that is under zero tension and free of folds and
wrinkles. .

3.11 rolerances, n—in mathematics, prescribed limits of
variation for specified properties of a particular material
based on observed values obtained by specified test methods
and on samples that are representative of the material.

3.12 width, n—in flat knit, the perpendicular distance

-between the selvages when the fabric is under zero tension

and free from folds or wrinkles.
_3.]3 width, n—in circular knit, twice the perpendicular
distance between the enclosed edges of a flattened tube of

falgric that is under zero tension and free from folds or
whinkles.

3.}4 For definitions of other textile terms used in this
specification, refer to Terminology D 123.

4. Specification Requirements
4.1 The properties of knitted fabrics shall conform to the

following specification requirements:
- Require-
Charactenstic ments Scction
Yieg £50% 8
Wi?m (mass) +5.0% 9
th ~010 +25 mm 10
(1in.)
ﬁl‘“i}h +20% 1
M"ﬂ; count . £50% 12
TSung sirength (ball burst) 100 % 13
FE""M‘“IM: matter 1.0 ®, max 14
fomposition pass* 15
\

4
.’hau Thine products to which the Waol Products Labeling Act of 1939° apply.
€onform 10 the requirements of that act. Other fabrics shall conform to the

requirements ol the Textile Fiber Products Identification Act of 1958 ¢

5. Uses and Significance

5.1 These specifications and methods furnish g guide i
case of dispute and also serve as a basis for dclcrmining
whether or not the material meets the specification for each
property tested. The variations in requirements of Knitted
fabrics are wide and the requirements listed represent, in
general, the variations in a property that are acceptable jn the
trade.

5.1.1 The requirements listed in Specification D 3887 are
considered 10 be applicable only within one laboratory, for
example, the laboratory of the purchaser. the seller, or a
mutually agreed upon testing facility.

5.2 Requirements agreed upon by the purchaser and the
scller for a specific lot or lots shall take precedences over those
listed in these specifications and methods.

6. Sampling

6.1 Tesls shall be performed on the l‘abric\as it will reach
the consumer. Any “pantially finished™ fabrics should first be
processed in accordugcc with the labric manufacturer's
instructions.

6.2 Unlcss otherwise agreed upon. as when specilied in an
applicable material specilication, take the number of speci-
mens directed in each of the applicable test methods.

6.2.1 If there has been no prior agreement and the test
mcthod does not specify the number of specimens, use the
procedures in Practice D 2905 to determine the number of
specimens. such that the user may expect at the 95%
probability level that the test result is no more than half of
the tolerance for the property of interest above or below the
lot average (that is, the average that would be obtained by
applying this method to the cntire lot) when using a reliable
estimate of variability of individual observations on similar
matenials in the specified laboratory under coanditions of
single-operator precision.

7. Conditioning

7.1 For tests made on conditioned matenal, precondition
the specimens by bringing them to approximate moisture
equilibrium in the standard atmosphere for preconditioning.
then bring the specimens to moisture equilibrium for testing
in the standard atmosphere for testing. It shall be considered
that moisture equilibrium for testing has been reached when,
after free exposure to air in motion, the change in weight
(mass) of the specimen at successive intervals of not less than
2 h does not exceed 0.1 % of the specimen weight (mass).

7.2 Properties not significantly affected by minor varia-
tions in atmospheric conditions may be tested in prevailing
room atmospheres by agreement of all parties concerned.

7.3 If the samples comprise whole rolls or bolts of fabric
which cannot be properly conditioned in a reasonable t_ime
with the facilities available, perform the test determinations
on the material without conditioning. When tests are carried
out under conditions which vary from the standard, report
the actual conditions prevailing at the time of test. It must be
recognized that such results may not correspond with the
results obtained after testing in the standard atmosphere for
testing textiles.
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TEST METHODS

8.1 Determine the representative yield on scoured fabric

[ as agreed between the purchascr and the scller by dividing
| the commercial weight (mass) of the greige fabric, as directed
& in Test Method D 2494, into the total finished square mctres
' (square yards), as calculated from the invoiced width and

linear metres (linear yards).
8.1.1 Itis frequently a practice in the trade to determine

i the yield on unscoured fabric, When this is the case, report
& that the yield was determined on the basis of unscoured
# fabric.

&.1.1.1 When it can be shown that extractable matter
alone gives the same results. or results that have a constant

ratio to those secured by the scour procedure, adjust the
L weight (mass) and report the yicld on the basis of scoured
. fabric. For the determination of eatractable matter refer to
L Section 14,

8.1.2 Determine moisture rcgain by taking three speci-

£ mens weighing 5 g or more and representative of the lot

t when the weight (mass) of the lot is determined, place
b promptly in separate airtight containers, and weigh to the
& nearest | mg. Determine the regain of these specimens as
| directed in Test Methods D 2654.

8.1.2.1 The percentage moisture regain of the fabric shall

) be the arithmetic mean of the results of the three determina-
E tions.

Note 2—Yield is useful to the fabric manufacturer for cost purposes.

] This propenty is unknown to the purchascr of the dyed and finished
& fabric unless the information on yield is supplied by the scller.

i " 9. Weight

9.1 Determine the fabric weight (mass) as directed in Test

i Method D 3776 as agreed between the purchaser and the
i seller (see Note 3).

9.1.1 The test results from Sections 7 or 8 of Test Mcthod

& D 3776 will include selvages. except in the case of circular
% knit fabrics.

9.1.2 The iest results obtained from Section 7 of Test

:. Method D 3776 are not on a conditioned basis since there is
i no practical means to determine the actual moisture content
§ of a full roll or piece.

9.1.3 Incase of controversy, the procedure in Section 8 of

B Test Method D 3776 shall prevail.
g 10. width

10.1 Determine the maximum usable width, exclusive of

:' gummed or taped selvages and of minor irregulanities in
b width, as directed in Section 6 or 7 of Test Method D 3774 as

agreed between the purchaser and the seller. In case of

 circular knit fabrics see 3.7.

NOTE 3—Test Methods D 3776 for determining weight (mass), Test
| Method D 3774 for determining width and Test Method D 3773 for
delcrmmmg length are intended to be used with woven fabnics. The
| precision of these methods when used to determine these propertics for
kmlted fabrics is being determined.

10.1.1 The test results obtained from Section 6 of Test
' Method D 3776 are not on a conditioned basis since there is

RO practical means to determine the actual moisture content
- of a full roll or piece.

b o 3887

10.1.2 In case of controversy, the procedure in Section 7
of Test Methods D 3774 shall prevail.

. Length

11.1 Dectermine the fabric length as directed in Section 6,
7. 8, or 9 of Test Methods D 3773 as agreed belween lhe
purchaser and the seller (see Note 3).

11.1.1 The test results obtained from Section 7, 8, or 9 of
Test Methods D 3773 are not on a conditioned basis since
there is no practical means to determine the actual moisture
content of a full roll or piece.

11.1.2 In casc of controversy. the procedure in Section ¢
of Test Mcthods D 3773 shall prevail.

12. Fabric Count

12.1 Summary of Method—The number of wale loops per
unit distance and course loops per unit distance are deter-
mined using suitable magnifving and counting devices.

12.2 Uses and Significance—This method is considered
satisfactory for acceptance testing of commercial shipments
because of prior extensive use. In case of disagreement
arising from differences in values reported by the purchaser
and the seller when using this method for acceptance testing,
the statistical bias. if any. between the laboratory of the
purchaser and the laboratory of the scller should be deter-
mincd with each comparison being based on testing speci-
mens randomly drawn from one samplmg unit of material of
the type being evaluated.

12.3 Apparatus—Use any smtable magmfymg and
counting device  (such as pick glass, rule and pointer,
microfilm reader or projection equipment).

12.4 Sampling:

12.4.1 Take a lot sample as directed in Section 6 or as
agreed between the purchaser and the seller.

12.4.2 In sampling from rolls or pieces in the lot sample.
cut one laboratory sample the full width of the circular or flat
knit fabric and at least 2 m (2 yd) in the length of the circular
knit fabric or along the sclvage of the flat knit fabric.

12.5 Conditioning—Condition specimens as du'ected in
Section 7. .

12.6 Procedure:

12.6.1 Unless otherwise specified in a prior agreement
between purchaser and seller, make no count closer to a
selvage than one-tenth of the width of the fabric, or within
0.5 m (0.5 yd) of the end of the roll or piece. -

12.6.2 Lay the specimen out on a horizontal surface
under zero tension and free of folds and wrinkles.

12.6.3 For fabrics containing 10 yarns per linear cma (25
varns per linear in.) or more detcrmine the number of wale
loops and course loops per 2.5 cm (1 in.) by counting the
number in a space not less than 5 cm (2 in.) at five differcnt
places in the piece, equally spaced both across the width and
throughout the length to the nearest whole number of loops.

12.6.4 For fabrics containing less than 10 yarns per | cm
(25 yarns per | in.), make the count over a 10-cm (4-in)
width and repeat in at least five randomly designated places
across the width and throughout the length to the nearest
whole number of loops.

12.6.5 In fancy knits where one or more yarns do nol
appear at regular, short intervals, make count measurements ;
over at lcast one full pattern repeat of each design compo-
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APPROVED AS ANSI L14.184-19¢5

BY AMERICAN NATIONAL STANDARDS INSTITUTE

Standard Method of Test for

Breaking Load And Elongation Of Textile Fabrics'

Gl

ASTM Designation: D 1682 - 64 {Reapproved 1970)

This Standard of the Am
designation D 1682; the final number indicates

erican Society for Testing and Materials is issued under the fixed

in the case of revision, the year of last revision.

1. Seope

1.1 These methods describe proce-
dures for determining the breaking
load and elongation of textile fabrics
using the Grab, Ravelled Strip, and
Cut Strip methods, presented in two
sections as follows:

1.1.1 Part I describes aspects of the
procedure which are common to all
three methods.

1.1.2 Part II describes those de-
tails of procedure especially applicable
to the method under discussion.

PART I. GENERAL

2. Definitions

2.1 Grab Test.—A test in which
only a part of the width of the speci-
men is gripped in the clamps. For ex-
ample, if the specimen width is 4 in.
(100 mm) and the width of the jaw
faces 1 in. (25 mm), the specimen is
gripped centrally in the clamps.

2.2 Strip Test.—One in which the
full width of the specimen is gripped
in the clamps.

2.3 Modified Grab Test.—One in
which only a part of the width of the
specimen is gripped in the clamps and
in which lateral slits are made in the
specimen to sever all yarns bordering
the portion whose strength is to be
tested, reducing to a practical mini-
mum the “fabric assistance” inherent
in the grab method.

2.4 Ravelled Strip Test—A strip

1 Under the standardization procedure
of the Society, these methods are under
the jurisdiction of the ASTM Committee
D-13 on Textile Materials, and are the
direct responsibility of Subcommittee B-9
on Fabric Test Methods. A list of com-
mittee members may be found in the
ASTM Yearbook.

Current edition accepted Aug. 31,
1964. Originally issued 1959, replacing in
part D 39 - 59, Replaces D 1682 - 59 T.

2 Appears in this publication. -

test in which the specified specimen
width is secured by ravelling away
yarns.

2.5 Cut Strip Test.—A strip test in
which the specimen width is secured
by cutting the fabric. :

2.6 Constant - Rate - of - Extension
Tensile Testing Machine (CRE).—A
testing machine in which the rate of
increase of specimen length is uniform
with time.

2.7 Constant-Rate-of-Traverse Ten-
sile Testing Machine (CRT).—A test-
ing machine in which the pulling
clamp moves at a uniform rate and the
load is applied through the other
clamp which moves appreciably to ac-
tuate a weighing mechanism, so that
the rate of increase of load or elon-
gation is dependent upon the extension
characteristics of the specimen.

2.8 Constant-Rate-of-Load Tensile
Testing Machine (CRL). — A testing
machine in which the rate of increase
of the load being applied to the speci-
men is uniform with time after the
first 3 sec.

2.9 For definitions of other terms
used in this method, refer to ASTM
Definitions D 123. Terms Relating to
Textile Materials.

3. Summary of Method

3.1 A continually increasing load is
applied longitudinally to the specimen,
and the test is carried to rupture in a
specific time. Values for the breaking
load and elongation of the test speci-
men are obtained from machine scales
or dials or autographic recording
charts.

4. Uses and Significance

4.1 Most woven, nonwoven, Of
felted textile fabrics may be tested by
at least one of the methods. The meth-
ods are not recommended for knitted
fabrics. Some modification of the tech-
niques is likely to be necessary for any
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the year of original adoption as standard or,

fabric having a strength in excess of
1000 1b per in. (179 kg per cm) width,
Special precautionary measures are
provided for use when necessary with
strong fabrics or fabrics made from
glass fibers, to prevent them from slip-
ping in the clamps or being damaged
as a result of being gripped in the

* clamps.

4.2 All of the procedures are applic-
able for testing fabrics either dry or
wet. They may be used with constant-
rate - of - traverse, constant - rate - of-
load, or constant-rate-of-extension
type tension machines. The results ob-
tained may, however, depend upon
the type of machine used for the test.
Constant-time-to-break has been speci-
fied because it is the best known way
of providing good agreement between
the results from different types of ten-
sile testers. However, data obtained on
constant-rate-of-load testers may differ
from that obtained on constant-rate-
of-traverse or constant-rate-of-exten-
sion testers when testing fabrics made
from fibers whose behavior is strongly
dependent upon the rate of extension
used, for example, high-density poly-
ethylene. An optional procedure for
the constant-rate-of-traverse tester us-
ing a machine speed of 12 = ¥ in.
(305 = 10 mm) per min is permitted
whenever a constant-time-to-break is
not specified.

43 Grab Method.—The grab
method is applicable whenever it is de-
sired to determine the “effective
strength™ of the fabric in use, that is,
the strength of the yarns in a specific
width together with the additional
strength contributed by adjacent yarns.
The breaking load determined by the
grab method is not a reflection of the
strength of the yarns actually gripped
between clamps and cannot be used
for direct comparison with yarp
strength determinations. Grab tests are
as precise as ravelled strip tests and
the specimens require much less time
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to prepare though they require more
fabric per specimen. There is no sim-
ple relationship between grab tests and
strip tests since the amount of fabric
assistance depends on the type of
weave, fabric count, mobility of yarns,
etc.

4.4 Ravelled Strip.—The ravelled
strip method is applicable whenever it
is desired to determine the breaking
load requied to rupture a specific
width of fabric. The information is
particularly useful for comparison of
the effective strength of the yarns in
the fabric with their strength before
weaving. The method is not recom-
mended for fabrics having less than
20 yarns across the width of the speci-
men. If the specimen cannot be ob-
tained with a l-in. (25.4-mm) strip, a
2-in. (50.8-mm) strip should be used.
If a fabric cannot be ravelled readily,
use either a grab or cut strip test.

Note 1.—The 2-in. (50.8-mm) strip
may be used for any fabric if a machine
of sufficient capacity is available.

Notg 2.—The observed load of a 2-
in. (50.8-mm) specimen, in general, is
not double the observed load of a 1-in.
(25.4-mm) specimen and the results
should accordingly be reported as ob-
served on a 2-in. (50.8-mm) strip, with-
out mathemalical adjustment to a l-in.
(25.4-mm) basis. .

Note 3.—If, by mutual consent, it is
agreed to perform a test on strips con-
taining less than 20 yarns across the
width to be tested, the actual number of
yarns shall be stated in the report.

Note 4.—Tape, ribbons, and other
narrow fabrics less than 2 in. (50.8 mm)
wide, not covered by ASTM Melhods of
Testing and Tolerances D 259, for Woven
Tapes, D 580, for Woven Glass Tapes,3
or ASTM Specification and Tolerances
D 315, for Woven Asbestos Tape® are
tested full width,

4.5 Cut Strip.—The cut strip meth-
od is applicable instead of the ravelled
strip method for heavily fulled fab-
rics, felted fabrics, or any fabric that
cannot be readily ravelled. It can be
used when the fabric can be ravelled,
but this procedure is not recom-
mended. The recommendation regard-
ing the minimum number of yarns in
a specimen discussed in 4.4 for ravel-
led strips applies equally to cut strips.

4.6 Modified Grab.—The modified
grab method is applicable where it is
desired to determine the breaking load
required to rupture a specific width of
fabric for those constructions in which
the application of testing stress on
ravelled strip specimens produces fur-
ther unravelling. This method is par-
ticularly applicable to high strength
fabrics.

31969 Book of ASTM Standards, Part
25.
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5. Apparatus

5.1 Tensile Testing Machine (CRE,
CRT, or CRL).—QOne of the three
types of testing machines described in
ASTM Specifications D 76, for Ten-
sile Testing Machines for Textile Ma-
terials,? shall be used.

5.2 Speed Adjusier, for varying the
speed of operation of the testing ma-
chine in order to break the specimens
in 20 *= 3 sec.

5.3 Stopwatch, for measuring the
time required to break each specimen.

6. Sampling, Selection, and Number
of Specimens

6.1 Take samples as directed in any
applicable material specifications or in
their absence secure two or more sam-
ples separated by several vards along
the length of each cut of fabric to be
sampled. Each sample shall extend the
width of the fabric and 2 yd (450
mm) along the selvage (Note 5).

NoTte 5.—Results secured on small
hand samples should be considered mere-
ly as representative of the sample sub-
mitted and cannot be assumed to be
representative of the fabric piece from
which the hand sample was taken.

6.2 Unless otherwise agreed upon
(for example, provided for by an ap-
plicable material specification), the
number of test specimens shall be such
that the mean of the test results will,
with a 95 per cent probability, be no
more than 5 per cent below the “true™
average breaking load (as would be
determined by an infinite number of
tests). This is equivalent to a pre-
cision of =5 per cent at a probability
level of 90 per: cent.

n =011

where:

n = number of test specimens, and

v = coefficient of variatlion of indi-
vidual test results, determined
from extensive past records on
similar material (Note 6).

Note 6.—The variability of elonga-
tion likely (o be encountered is not suf-
ficiently well known at the present time
to be able to eslimate the degree of
precision to be expected. Variability of
clongation is likely to be somewhat high-
er than variability of breaking load, how-
ever, and the precision of the result for
the same number of tests is likely to be
lower.

6.3 If v is not known, make five
tests on warpwise specimens and eight
tests on fillingwise specimens (INotes
7 and 8).

NoTE 7.—This number of tests is based
on a coefficient of variation of breaking
load of 6.5 per cent for the warp and
8.5 per cent for the fitting. This is a
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somewhat higher value of v than will be
found in practice. Knowledge of the ac-
tual value of v for the fabric under test
is therefore likely to permit making fewer
tests than prescribed in this section. If
fewer tests are performed without know -
ing the “true™ value of r, it must be
presumed that the result is obtained with
reduced precision, that is, a figure higher
than 5 per cent. The estimated precision
must then be calculated as follows and
quoted in the report:

For warpwise tests,

E=— . .. (1)
Vvn
For fillingwise tests,
140
s = iR R T R e (Z)
vn
where:
E = precision, and
# = aclual number of tests.

NoTtE 8.—It is desirable to prepare two
or three extra specimens which may be
required to establish the proper time
when dealing with unfamiliar materials,
using the constant-time-to-break tech-
nique. i

7. Conditioning

7.1 Precondition the specimens by
bringing them to approximate ‘mois-
ture equilibrium in the standard atmo-
sphere for preconditioning, then bring
the specimens to moisture equilibrium
for testing in the standard atmo-
sphere for testing. Equilibrium is con-
sidered to have been reached when the
increase in weight of the specimen in
successive weighings made at intervals
of not less than 2 hr does not exceed
0.1 per cent of the weight of the speci-
men (Note 9).

Note 9.—It is recognized that in
practice texlile materials are frequently
not weighed to determine when moisture
equilibrium has been reached. While such
a procedure cannot be accepted in cases
of dispute, it may be sufficient in routine
testing to expose the material to the
standard atmosphere for testing for a
reasonable period of time before the
specimens are tested. As a guide, the fol-
lowing conditioning periods are sug-
gested:

Minitnum
Fiber Conditioning
Perind, hre
Animal fibers (for example, waol)
and regenerated proteins_.. .. 8
Vegetable fibers (for example,
cotton) . o .. .. [
Viscose. - o oo R
Acetate - .. . .. __________ 4

Fibers having a regain less than
5 per cent at 65 per cent rela-
tive humidity. ... . ___._____ P

¢ These periods are approximate and
apply only to fabrics spread out in single
thickness which are exposed freely to



moving air in the standard atmosphere
for testing. Heavy fabrics may require
conditioning periods longer than those
suggested above. If a fabric contains
more than one fiber, it should be con-
ditioned for the longest period of time
required by any of its components (for
example, 8 hr for blends conlaining
wool or viscose).

7.2 Specimens to be tested in the
wet condition shall be immersed in wa-
ter until thoroughly wetted (Note 10).
In order to obtain thorough wetting it
may be desirable to add not more than
0.05 per cent of a nonionic neutral
wetting agent to the water. A test of
any specimen shall be completed with-
in 2 min after its removal from the
water.

Note 10.—The conclusive evidence
that the lime of immersion has been suf-
ficient to wet the fabric thoroughly is
that further immersion does not produce
any additional changes in breaking
strength. This method of determination
must be used in cases of dispute. How-
ever, for routine tesling in the laboratory
it may be sufficient to immerse thc ma-
terial for 1 hr. The method should be
used with caution when testing fabrics
that do not wet out uniformly and thor-
oughly because of the presence of sizing,
oil, protective coatings, or water repel-
lents.

Where the strength of wet specimens
is required in the absence of sizing, wa-
ter repellents, etc., subject the cloth to
suitable desizing treatments that will not
affect the normal physical properties of
the fabric, before preparing the test spe-
cimens (see ASTM Methods D 629, for
Quantitative Analysis of Textiles).4

8. Preparation of Test Specimens

8.1 For woven fabrics, cut speci-
mens with their long dimensions paral-
lel either to the warp or to the filling
or cut specimens of both types, as
may be required. In general, no two
specimens cut parallel to the warp
should contain the same set of warp
ends, and no two specimens parallel to
the filling should contain the same set
of filling picks, and when possible,
specimens should come from different
bobbins. Unless otherwise specified,
take specimens no nearer to the sel-
vage or edge of the fabric than one
tenth of the width of the fabric.

8.2 For nonwoven fabrics, prepare
the specimens as described in ASTM
Methods D 1117, Testing Nonwoven
Fabrics;2 for felt, see ASTM Methods
D 461, Testing Felt.

9. Procedure
9.1 Make all tests in the standard
atmosphere for testing.

4 Discontinued; see 1968 Book of
ASTM Standards, Part 25.

9.2 Use clamps provided with jaws
having smooth, flat, metallic faces.
For all tests, set the distance between
the clamps at the start of the test at
3 = 0.051in. (75 = 1 mm). Select the
load range of the testing machine such
that the break occurs between 10 and
90 per cent of full scale load. Set the
machine so that the expected breaking
load is reach in 20 %= 3 sec, unless
otherwise specified.

9.3 Secure the specimen centrally in
the clamps of the testing machine, tak-
ing care that the long dimension is as
nearly as possible parallel to the direc-
tion of application of the load. Be
sure that the tension in the specimen
is uniform across the clamped width.

9.4 If a measure of the elongation
of the specimen is required, the initial
length and therefore the measured
elongation depend upon the pre-ten-
sion applied in placing the specimen in
the clamps of the machine. In this
case, secure the specimen in one clamp
of the machine, and apply a pre-ten-
sion to the specimen of approximately
¥ per cent of the breaking load, or
other initial load specified for the par-
ticular material in question, before
gripping the specimen in the other
clamp.

9.5 Measurement of Breaking Load.
—Operate the machine and read the
breaking load, and elongation if re-
quired, from the mechanism provided
for such purpose. Note the actual time
to break for the first three specimens,
and if the average of these three lies
within the limits 20 = 3 sec, break all
the remaining specimens under the
same conditions. Record the time to
break each specimen, and if the aver-
age time for the required number of
specimens falls outside the limits 20
+ 3 sec, discard the results. readjust
the rate of operation of the testing
machine, and repeat the breaks until
a series having a satisfactory average
time to break is obtained. If the aver-
age of the three tests meets the time
criterion set up, these observations
shall be considered as completed tests
and shall make up part of the required
number of tests. Record and report the
tests in each direction separately.

9.6 If a specimen slips in the jaws,
breaks at the edge of, or in. the jaws,
or if for any reason attributed to faulty
operation the result falls markedly
below the average for the set of speci-
mens, discard the result and take an-
other specimen. Continue this proce-
dure until the required number of
acceptable breaks have been obtained
(Notes 11, 12, and 13).

Note 11.—The decision to discard a
break shall be based on observation of the
specimen during the test and upon the
inherent variability of the fabric. In the
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absence of other criteria for rejecting a
so-called jaw break, any break occurring
within % in. (5 mm) of the jaws which
resulis in a value below 50 per cent of
the average of all the other breaks shal]
be discarded. No other break shall be
discarded unless it is known to be faulty,

Note 12.—It is difficult to determine
the precise reason why certain specimens
break near the edge of the jaws. If this
is caused by damage to the specimen by
the jaws, then the results should be dis-
carded. If, however, it is merely due to
randomly distributed weak places, it is a
perfectly legitimate result. In some cases,
it may also be caused by a concentra-
tion of stress in the area adjacent to the
jaws because they prevent the specimen
from contracting in width as the load is
applied. In these cases, a break near the
edge of the jaws is inevitable and shall
be accepted as a characteristic of the
particular method of test. This is often
the case when testing fabrics using the
grab method.

Nore 13.—For instructions regarding
the preparation of specimens made from
glass fiber to minimize damage in the
jaws, see ASTM Specifications and Meth-
ods of Test D 579, for Woven Glass
Fabrics.3

9.7 If a fabric manifests any slip-
page in the jaws or if more than 25
per cent of the specimens break at a
point within % in. (5 mm) of the edge
of the jaw, then (1) the jaws may be
padded; (2) the fabric may be coated
under the jaw face area; or (3) the
jaw face may be modified. If any of
the modifications listed above are used,
state the method of modification in the
report. .

9.8 Measurement of Apparent Elon-
gation. — Unless otherwise specified,
measure the elongation of the fabric
at any stated load by means of a suit-
able autographic recording device, at
the same time as the breaking strength
is determined. Measure the elongation
from the start of the load-elongation
curve as shown on the graphic record.

10. Calculation

10.1 Breaking Load. — Calculate
the average of the breaking load ob-
served for all acceptable specimens,
that is, the maximum load to cause a
specimen to rupture as read directly
from the testing instrument.

10.2 Apparent Elongation—Calcu-
late the average of the elongations ob-
served for all acceptable specimens,
expressed as the percentage increase in
length, based upon the initial nominal
gage length of the specimen. Report

this as the apparent elongation (Note.

14).

Note 14—The observed elongation
calculated as a percentage of the initial
nominal pgage length of the specimen
should be referred to as “apparent clon-
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gation.” Because the actual length of
fabric stretched is usually somewhat
greater than this initial length, due to
pull-out of fabric from between the jaws,
elongation calculated on initial length
may bve somewhat in error, depending
upon the amount of this pull-out.

10.3 Corrected Breaking Load of
Wet Specimens:

10.3.1 If for any reason it is desired
to make allowances for shrinkage in
obtaining wet breaking strength by the
grab method only, calculate the wet
strength according to Eq 3:

Corrected breaking load of wet specimens

breaking load of conditioned
specimens X yarn count
of conditioned specimens
-— . (3)
varn count of wet specimens

10.3.2 A similar correction may be
needed when comparing the breaking
strength of conditioned specimens of a
fabric after a wet finishing treatment
with that of the same fabric before
finishing, if the finishing has caused
shrinkage.

11. Identification of Test Method
Used

11.1 These methods describe proce-
dures for carrying out fabric tension
tests using six types of specimen and
three alternative types of testing ma-
chine. In order to provide easy refer-
ence to the specific method used in
any instance, the following system of
identification is suggested:

11.2 Type of test specimen used:

G—Grab test

tR—1-in. (25.4-mm) ravelled strip test
2R—2-in. (50-8-mm) ravelled strip test
1C—1l-in. (25.4-mm) cut strip test
2M—2-in. (50.8-mum) cut strip test
MG—Modified Grab test

11.3 Type of testing machine used:

T—Constant-rate-of-traverse (CRT)
L—Constant-rate-of-load (CRL)
E—Constant-rate-of-extension (CRE)

11.4 All the possible combinations
can be identified as follows:

Type of Tester
Test #pecimen
Constant- { Constant- | Constant-
Rate-of- Rate-of- Rate-of-
Traverse Load Extension
Grab.____._ G-T G-L G-E
1-in.
(25.4-mm ),
revelled
strip. .- 1R-T 1IR-L 1R-E!
2-in.
(50.8-mm)
ravelled
strip. - --- 2R-T 2R-1, 2-RE
1-in.
(25.4-mm)
cut strip..| 1C-T iIC-L I1C-E
2-in,
(50.8-mm)
cut strip._| 1C-T 1C-L 1C-E
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Type of Tester
Test Specimen —f‘ e ) c
Rate-of- Rate-of- Rate-of-
Traverse | Load Extension
2-tu. '
(50.8-mm) i .
cut strip._| 2C-T: 1CL 2C-I%
Modified !
Grab_.__. MG-T MG-L | MG-E

1 Example: Method IR-E refers to a
1-in. ravelled strip test carried out on a
constant-rate-of-extensicn tesler.

12. Report

12.1 Report all of the following
applicable items:

12.1.1 The average breaking load
for specimens cut in each direction,
for all specimens giving acceptable
breaks.

12.1.2 The average per cent appar-
ent elongation of specimens cut in
each direction, for all specimens giving
acceptable breaks. if required. Identify
this as “apparent breaking elongation,”
or “apparent elongation at x 1b load,”
as required by the test specifications,

12.1.3 Description of material
tested,

12.1.4 Number of specimens cut in
each direction,

12.1.5 Test method used, identifying
both the type of specimens and the
type of testing machine,

12.1.6 Maximum load obtainable in
the range used for testing,

12.1.7 Size of jaw faces used, if grab
test,

12.1.8 Type of padding used in
jaws, modification of specimen grip-
ped in the jaws, or modification of jaw
faces, if used,

12.1.9 Number of yarns in the width
of the strip, if less than 20,

12.1.10 Average time required to
break all specimens. giving acceptable
breaks,

12.1.11 Condition of
(conditioned or wet),

12.1.12 In the case of tests on wet
specimens, state whether allowance
was made for shrinkage, and

12.1.13 Whether sizing or finishes
have been removed and, if so, by what
procedure.

specimen

PART 1I. REQUIREMENTS FOR
SeeciFic TEST METHODS

13. Scope

13.1 The general instructions given
in Part I of these methods apply to all
of the methods described in Part II
herein. These instructions are there-
fore not repeated in the description of
each separate method. Only those as-
pects of preparation and procedure
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that apply specifically to each indivi-
dual method are included here.

14. Selection of Test

14.1 The test to be used in any par-
ticular case should be specified or de-
cided by mutual agreement. In the ab-
sence of such specification, the type
of test to be used may be sclected
with the aid of the information given
in Part I. The selection of the type of
testing machine will be dictated pri-
marily by the availability of the vari-
ous types. The procedures described
are intended to minimize differences
between the resulls obtained from the
three types of machine.

15. Grab Tests, G

15.1 Size of Tesi Specimens—Cut
each specimen 4 = 0.1 in. (100 = }
mm) wide by at least 6 in. (150 mm)
long (Note 15) with the long dimen-
sion-parallel to the direction for which
the breaking load is required. Draw a
line 1.5 in. (37 mm) from the edge of
the specimen, running its full length.
This must be accurately parallel to the
lengthwise yarns (Note 15).

NoTe 15.—The length of the speci-
men depends upon the type of clamps
being used. It must be long enough to ex-
tend through the clamps and project at
least 0.5 in. (10 mm) at each end. For
jaw faces measuring 1 in. (25 mm) in
the direction of pull, the specimen length
will therefore be at least 6 in. (145 mm)
(3-in. gage length plus 2 X 1 in. in clamp
plus 2 by 0.5 in. projecting) (75-mm gage
length plus 2 by 25 mm in clamp plus
2 by 10 mm projecting).

15.2 When the wet breaking load of
the fabric is required in addition to the
dry breaking load, cut each test speci-
men at least twice as long as is re-
quired for a dry test (Note 16). Num-
ber each specimen and then cut cross-
wise into two parts, one for determin-
ing the conditioned breaking load, and
the other for determining the wet
breaking load, each portion shall bear
the specimen number. In this manner
perform each paired break on test
specimens containing the same yarns
(Note 16).

Note 16.—For fabrics which shrink
excessively when wet, it shall be neces-
sary to cut the test specimens for obtain-
ing wet load longer in dimension than
that for dry load.

15.3 Size of Jaw Faces—Each
clamp shall have one jaw face measur-
ing 1 in. (25.4 mm) perpendicular to
the direction of application of the
load, and not less than 1 nor more
than 2 in. (25 nor more than 50 mm)
parallel to the direction of application
of the load (Note 17). The other jaw



face of each clamp shall be at least as
large as its mate. Each jaw face shall
be in line’ both with respect to its
mate in the same clamp and to the
corresponding jaw of the other clamp

(Note 17).

NotE 17.—Faces measuring 1 by 2 in.
(25.4 by 50 mm) will not necessarily
give the same value as 1 by l-in. (25.4
by 25-mm) faces. The former may in
some cases be preferable because of the
larger gripping area which tends to re-
duce slippage. While both sizes of grip-
ping surface are permitted, the size used
for carrying out the test must be recorded
in the report.

15.4 Insertion of Specimen in
Clamps.—Insert the specimen in the
clamps so that approximately the same
length of fabric extends beyond the
jaw at each end. Locate the jaws cen-
trally in the widthwise direction by
having the line which was drawn 1.5
in. (37 mm) from the edge of the
specimen run adjacent to the side of
the upper and lower jaw which is near-
est this edge. This ensures that the
same lengthwise yarns are gripped in
both clamps.

16. One-Inch Ravelled Strip Test, 1R

16.1 Size of Test Specimen.—Cut
each specimen 1% in. wide or 1 in.
(35 mm or 25 mm) plus 20 threads,
whichever is the larger; the length shall
be at least 6 in. (150 mm) (Note 18).
Ravel % in. (5 mm), or 10 threads,
from each side, so that the resulting
specimen has a width, excluding
fringe, of 1 in. (254 mm) (see 4.4
and Notes 3 and 19).

16.2 When the breaking load of wet
specimens is required, the specimen
length must be modified as directed in
15.2.

Note 18.—Neither the raveled strip
nor the modified grab test is suitable for
measuring the breaking load of “dipped”
fabrics.

Note 19.—It may be desirable under
some circumstances to ravel the strip to a
constant number of yarns instead of a
constant width. This number shall never
be Iess than 20 and the width never less
than ¥ in. (15 mm). This technique is
particularly useful when it is desired to
compare the breaking load of a condi-
tioned fabric after a wet finishing opera-

. tion with that of the same fabric before
finishing, if the finishing has caused
shrinkage. Such a procedure may be used
t:fy mutual consent of the interested par-
ties.

16.3 Size of Jaw Faces.—For all
strip tests or for narrow fabrics and
tapes being tested full width, use
clamps having jaw faces at least ¥2 in.

(10 mm) wider than the specimen
being tested. The faces shall measure
at least 1 in. (25 mm) in the direc-
tion of application of the load.

17. Two-Inch (50.8-mm) Ravelled
Strip Test, 2R

17.1 Size of Test Specimen—Cut
each specimen to a width of 22 in.
(65 mm) or 2 in. (50 mm) plus 20
threads, whichever is the larger; the
length shall be at least 6 in. (150 mm)
(Note 15). Ravel % in. (5 mm) or
10 threads from each side so that the
resulting specimen has a width, exclud-
ing fringe, of 2 in. (50 mm) (see 4.4
and Notes 2, 3, and 19).

17.2 When the breaking load of wet
specimens is required, the specimen
length must be modified as directed
in 15.2.

17.3 Size of Jaw Faces.—See 16.3.

18. One-Inch (25.4-mm) Cut Strip
Test, 1C

18.1 Size of Test Specimen.—Cut
each specimen 1 in. wide by at least
6 in. (25.4 mm by 150 mm) long
(Note 15), taking care that the long
dimension is accurately parallel to the
direction for which the breakiog load
is required (sce 4.5).

18.2 When the breaking load of wet
specimens is required, the length must
be modified as directed in 15.2.

18.3 Size of Jaw Faces.—See 16.3.

19. Two-Inch (51-mm) Cut Strip Test,
2C

19.1 Size of Test Specimen.—Cut
each specimen 2 in. wide by at least 6
in. long (50.8 mm by 150 mm) (Note
15) taking care that the long dimen-
sion is accurately parallel to the di-
rection for which the breaking load is
required (see 4.5).

19.2 When the breaking load of wet
specimens is required, the length must
be modified as directed in 15.2.

19.3 Size of Jaw Faces.—See 16.3.

20. Modified Grab Test, MG

20.1 Size of Test Specimen—Cut
each specimen 4 = 0.1 in. (100 %= 2
mm) wide by at least 8 in. (200 mm)
long. The specimen must extend
through the jaws and project at least
1 in. (10 mm) at each end. Speci-
mens for insertion using alternative
high-strength fabric method (Note
20) must be cut at least 16 in. (400
mm) long. Draw a line 1.5 in. (37
mm) from the edge of the specimen,
running its full length. Cut slits at the
center of each specimen, perpendicu-
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Fic. 1.—Illustration of Modified Grab
Test Specimen.
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Fi. 2. — lllustration of Specimen

Placement for Modified Grab Method.

lar to the yarn component being test-
ed, severing all yarns except those
comprising the central 1 in. (254
mm), as shown in Fig. 1.

NoTe 20.—Where yarns per inch are
less than 25, the nearest \whole number
of yarns just less than those comprising
1 in. (by physical count) shall be left
uncut and the test results shall be inter-
polated to the actual 1-in. count.

20.2 Size of Jaw Faces—The top
(or front) jaw faces shall measure
1.25 in. by 2 in. (30 by 50 mm)
or more, the longer dimension paralle]
to the direction of application of load.
The bottom (or back) jaw faces shall
measure 2 by 2 in. (50 by 50 mm)
or more.

20.3 Procedure.—For fabrics that
can be satisfactorily gripped and held
in the manner prescribed for the grab
method, follow the procedure describ-
ed in 15.4. For high-strength fabrics
where the specimen cannot be satis-
factorily held in clamps, use the fol-
lowing procedure:

20.3.1 Place cach specimen between
the jaws as illustrated in Fig. 2, using
jaw padding if desired.

20.3.2 Tighten clamps to afford dis-
tribution of holding pressure along the
surface of top (front) jaw and around
pin. Clamps too tight will produce
breaking at front of jaws; clamps too
loose, breaking at back of jaws at pin.

20.3.3 Mark across the specimen
at the front edge of each jaw to ob-
serve specimen slippage.

20.3.4 If the break occurs in the
jaws or at the edge of the jaws, if
some yarns fail to break, if specimen
slippage is not uniform between either
pair of jaws evidenced by distortion of
jaw marks or angular displacement of
either pin, or if rupture follows any
other than random pattern, discard the
test result and break another specimen.
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APPROVED AS ANSI L14.200-1966

BY AMERICAN NATIONAL STANDARDS INSTITUTE

Standard Method of Test for

Tear Resistance Of Woven Fabrics By Falling-
Pendulum (Elmendorf) Apparatus’

Gy

ASTM Designation: D1424-63 (Reapproved 1970)

This Standard of the A
designation D 1424; the final num

in the case of revision, the year of last revision.

merican Society for Testing and Materials is issued under the fixed
ber indicates the year of original adoption as standard or,

Norte—Figure 1 was revised editorially in June, 1967.

Scope

1. (a) This method covers a pro-
cedure for the determination of the
average force required to propagate a
single-rip tongue-lype tear starting
from a cut in a woven fabric by means
of a falling-pendulum (Elmendorf)
apparatus.

(b) This method is applicable to
treated and untreated woven fabrics,
including those heavily sized, coated
or resin-treated (for example, wash-
wear), provided the fabric does not
tear during the test in the direction
crosswise to the direction of the force
applied. If the tear is not lengthwise,
the fabric shall be described as un-
tearable in that direction by this test.

(c) This method is not suitable for
knit fabrics, felts, or nonwoven fab-
rics, with the possible exception of ma-
chine direction tears in some light-
weight nonwoven fabrics.

Definitions

2. (a) Length of Tear, n—The
length of fabric torn, as measured on
the fabric before tearing.

(b) Tearing Force, n.—The aver-
age force required to continue a tear
previously started in a fabric. It is the
work done in tearing the specimen di-
vided by twice the length of tear.

1 Under the standardization procedure
of the Society, this method is under the
jurisdiction of the ASTM Committee
D-13 on Textile Materials, and is the
direct responsibility of Subcommittee B-9
on Fabric Test Methads. A list of com-
miltee members may be found in the
ASTM Yecarbook.

Current edition accepted Sept. 30,
1963. Originally issued 1956. Replaces
D 1424 - 59. '

(c) Tearing Energy, n.—The work
done in tearing the specimen.

(d) Warp Tests, n.—Tests in which
the warp yarns are torn.

(e) Filling Tests, n.—Tests in which
the filling yarns are torn.

(f) For definitions of other terms
used in this method, refer to the Defi-
nitions of Terms Relating to Textile

Materials (ASTM Designation: D
123).
Summary of Method

3. The average force required to
continue a tongue-type tear in a fabric
is determined by measuring the work
done in tearing it through a fixed dis-
tance. The tester consists of a sector-
shaped pendulum carrying a clamp
which is in alignment with a fixed
clamp when the pendulum is in the
raised, starting position with maximum
potential energy. The specimen is fast-
ened in the clamps and the tear is
started by a slit cut in the specimen
between the clamps. The pendulum is
then released and the specimen is torn

e —100¢2mm
%:\O.ng |
T

as® stig
1‘/‘( cuﬁf\ L20£0.15mm
amm
[ =S,
4 l————-vsilem——J

ALL RADH 3mm

(a) Improved Model.

43%0.15
nm 15t2
3tos mm
m

as the moving jaw moves away from
the fixed one. The scale attached to
the pendulum is graduated so as to
read directly the tearing force in grams
(or the percentage of the original po-
tential energy of the pendulum con-
sumed in tearing the specimen, from
which the tearing force can be cal-
culated).

Uses and Significance

4. Results obtained with this method
are similar to those obtained by other
methods for tongue-type tears but
differences in level of test occur. The
level of test will depend in part on the
rate of tearing. This method has the
advantages of simplicity and speed in
testing since specimens are cut with a
die and results are read directly from
the scale on the pendulum. The speci-
mens are relatively small in area and,
thus, require less fabric. The reading
obtained is directly proportional to the
length of the material torn, so it is es-
sential that the specimen be prepared
to the exact size specified. The ca-

le——a5 mm—] fe——45mm —
) IR}
“TH2mm
43mm
tobe
63Imm Torn 75mm
. //
Slit

20mm

(b) Original Model.

Fic. 1.—Die for Cutting Notched Specimens.
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pacity of the tester must be selected so
that the specimens tear between 20
and 60 per cent of the scale value.

Apparatus

5. (a) Falling-Pendulum (Elnen-
dorf) Type Tester,? as described in the
Appendix. The tester should have
three capacities, 0 to 1600, 0 to 3200,
and 0 to 6400 g, and a scale reading
directly in hectograms (100-g units)
for each capacity, so as to provide for
a wide range of fabrics and conveni-
ence in reading results. The tester must
be securely fixed in position to pre-
vent movement during a test.

(b) Cutting Die, having essentially
the shape and dimensions shown in
Fig. 1 (a) or (b). Either die provides
the basic rectangular test specimen
100 = 2 mm long by 63 = 0.15 mm
wide, along with additional fabric at
the top edge of the specimen to en-
sure the last yarns being torn during
the test by preventing or minimizing
their raveling. The critical dimension
of the test specimen is the distance
43.0 = 0.15 mm which is to be torn
during the test (Note 1).

Note 1.—The improved die model
shown in Fig. 1(a) has two new fea-
tures not found in the original model
Fig. 1(b), namely a cutout for the bot-
tom of the specimen to aid in centering
it in the clamps, and (oplional) pro-
vision for cutting the 20.0-mm slit prior
to inserting the specimen in the tesler.
These dies can be made to order by
most die manufacturers.

Preparation of Apparatus

6. (a) Check the level, zero point,
and length of tear before each set of
tests. Make any necessary adjustments,
as prescribed in the Appendix, Section
A2,

(b) Select the capacity such that the

specimens will tear between 20 and 60 -

per cent of the scale value.

Sampling, Selection, and Number of
Specimens

7. (a) Take the bulk and labora-
tory samples according to any applic-
able material specifications, or in their
absence, take the laboratory sample in
such a manner that it is representative
of the lot to be tested.

(b) Take warp specimens that have
different warp yarns in each specimen
for a warp test and filling specimens
which come from a different filling

2The Thwing-Eimendorf Tear Tester
meets these requirements and is obtain-
able as Texlile Model 60400 from
Thwing-Alber1 Instrumenl Co., Philadel-
phia, Pa.
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bobbin in each specimen for a filling
test, If there is insufficient material or
if for any other reason, it is impos-
sible to meet these requirements, re-
port this fact. Take no specimen
nearer the selvage than one tenth the
width of the fabric.

(¢) Unless otherwise specified or
agreed upon, and if the variability is
known, take the number of specimens
required to give a precision of = 5 per
cent at a probability level of 90 per
cent, as follows:

Number of specimens, n = (1.118 »*

where:

v = the coefficient of variation of
individual test results determined
from experience with similar ma-
terial.

(d) Unless otherwise specified or
agreed upon, and if the variability is
not known, take at least five speci-
mens for both the warp aad filling
directions. This number is based on
long practice, since the precision of the
method is not known.

Conditioning

8. For tests made as directed in Sec-
tion 10, bring the specimens from the
prevailing atmosphere to moisture
equilibrium for testing in the standard
atmosphere for testing (Method of
Conditioning Textiles and Textile
Products for Testing (ASTM Designa-
tion: D 1776)2). If the relative hu-
midity of the prevailing temperature
is above that of the standard atmo-
sphere for testing. precondition speci-
mens composed in whole or part of
cotton, rayon, or wool. before bringing
them to moisture equilibrium for test-
ing in the standard atmosphere for
testing.

Preparation of Specimens

9. Prepare the warp and filling
specimens, using a cutting die as di-
rected in Section S(b) and shown in
Fig. 1(a) and (b). Cut the warp set
with the short dimension parallel to
the filling yarns and the filling set with
the short dimension parallel to the
warp yarnos. In cutting the specimens,
take care to align the yarns running
in the short direction parellel with
the die so that when the slit is cut,
the subsequent tear will take place be-
tween these varns and not across
them. This precaution is most impor-
tant when testing bowed fabrics.

Procedure

10. (a) Test the conditioned speci-
mens in the standard atmosphere for
testing.

(b) Raise the pendulum to the start-
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ing position and set the pointer aéains
its stop. Fasten the conditioned spec‘t '
men securely in the clamps so thy, e
is well centered with the bottom ed i
carefully set against the stops ang Ee-
that the upper edge is parallel tq tho
top of the clamps and the widthwise
yarns are exactly perpendicular tg
themn. Close the clamps by tightenip
the set screws, using approximmelg
the same tension on both clamps, The
specimen should lie free with its y er
area directed toward the pendulum g
as to ensure a shearing action.

(c) If the slit has not been ¢yt by
the die, use the knife blade (Fig. 2
(6) ), to cut a 20-mm slit in tpe
specimen extending from the bottom
edge and leaving a length of fapyric
43.0 = 0.15 mm to be torn.

(d) Depress the pendulum stop as
far as it will go, thus releasing the
pendulum. Hold down the stop untj
after the tear is completed and catch
the pendulum on the return swing by
the hand without disturbing the posi-
tion of the pointer. Read the scale to
the nearest whole scale division for the
capacity used.

(e) Reject readings obtained where
the specimen slips in the jaw or where
the tear deviates more than 6 mm
away from the projection of the origi-
nal slit. Note whether puckering oc-
curs during test. i

Calculation of Results

11. (a) Calculate the average force
in grams to tear the specimen in each
direction.

(b) When a tester is used in which
the scale is graduated to indicate the
percentage of the original potential
energy of the pendulum consumed in
tearing the specimen, multiply the
scale reading by the appropriate factor
shown in Appendix, Section A4,
Table I, to obtain the tearing force in
grams.

Report

12. The report shall include the fol-
lowing:

(1) Individual values and the
average tearing force in grams, calcu-
lated to the nearest whole scale divi-
sion, for each direction of tear (Sec-
tion 2(d) and (e)),

(2) The capacity of the tester
that was used,

(3) Puckering, if it occurs dur-
ing the test, and

(4) Number of tests rejected be-
cause of crosswise tearing.

Precision and Accuracy

13. The precision and accuracy of
this method as applied to textiles have
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been determined. The interlabora-
ory study of its application to paper
aay be pertinent (5).°
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APPENDIX
DESCRIPTION, ADJUSTMENT, AND
VERIFICATION OF APPARATUS

Description of Apparatus
Al. (a) The Elmendorf Tear Tester
provides means, for holding the specimen
with two clamps, one stationary and onc
movable, and for tearing it by the fall of
the pendulum duc to the force of gravity.
The Textile Model, shown diagramma-
tically in Fig. 2, is basically the standard
Elmendorf “lester.” but is provided with
two augmenling weights—the NBS Aug-
menting Weight which increases the ca-
pacity from (600 lo 3200 g, and the
Textile Augmenting Weight which fur-
ther increases it to 6400 g—and with
three scales graduated in hectograms
(t00-g units) corresponding to the three
capacities. The instrument includes the

following parls (Fig. 2):

(1) Stationary Clamp.

(2) Movable Clamp carried on a

3 The boldface numbers in parentheses
sefer to the list of references appended
to this method. .

pendutum formed by a sector of a circle
free to swing on a ball-bearing.

(3) Sector-Shaped Pendulum carry-
ing a circumferential scale graduated to
read the tearing force directly in hecto-
grams (Note 2). The pendulum section
has a cutout in the region adjacent to the
clamp so that the specimen does not rub
against the sector during the test.

Norte 2—In some models (for ex-
ample Thwing-Elmendorf Tear Tester
Model 60-100, capacity 1600 g and Mod-
el 60-200, capacity 3200 g), the scale is
graduated so as to indicale the percent-
age bf the original potential energy of the
pendulum consumed in tearing the speci-
men (Section A4).

(4) Means for Holding the Pendulum
in a Raised Position, and Means for Re-
leasing it Instantaneously.

(5) Pointer and Pointer-Stop for reg-
istering the maximum arc through which
the pendulum swings when released. The
pointer is mounted on the same axis as
the pendulum with constant friction just
sufficient to stop the pointer at the high-
est point reached by the swing of the sec-
tion. The adjuslable poinler slop provides
means for setting the zero of the instru-
ment.

(6) Knife mounted on a stationary
post for initial slitting of the specimen.
It is centered between the clamps and
adjusted in height so that the learing
distance is 43.0 = 0.15 mm; that is, the
distance between the end of the slit made
by the knife and the upper edge of the
specimen is 43.0 = 0.15 mm when the
lower edge of the 63.0-mm wide speci-
men -rests against the bottom of the
clamp.

(7) Leveling Screw.

(8) NBS Augmenting Weight, to
double the capacity of the tester.

(9) Textile Augmenting Weight, used
in conjunction with the NBS Augment-
ing Weight to quadruple the original ca-
pacity of the tester.

(b) With the pendulum in its initial
position ready for a test, the two clamps
are separaled by a distance of 2.8 = 0.3
mm, and are so aligned that the speci-
men clamped in them lies in a plane
parallel to the axis of the pendulum,
the plane making an angle of 27.5 = 0.5
deg with the perpendicular line joining
the axis and the horizontal line formed by
the top edges of the clamping jaws. The
distance between the axis and the top
edges of the clamping jaws is 103 = 0.1
mm.

(c) The clamping surface in each jaw
is 36 = 1 mm wide and 16.0 * 0.08 mm
deep.

Adjustment of Apparattis

A2. (a) Rest the pendulum sector
against ils stop, and check the aligament.
of the clamps. Adjust the pendulum stop
if necessary. Verify by visual check that
the knife is cenlered between the clamps,
and adjust it if necessary (Note 3).
Check the sharpness of the knife. A dull
knife will result in a V-notch mear the
tap of the cut and will push the fabric
out. If necessary, sharpen the knife with
a rough stone (a rough edge is better
than a razor edge) or replace it with a
new sharp knife.

Note 3.—If the die is used to cut the
initial slit, the instructions pertaining to
the knife and its use are obviously not
applicable.

(b) Check the tearing distance by

t—Stationary Ctamp

2—Movable Clamp

3—Sector-Shaped Pendulum

4—Means for Holding the Pendulum in
a Raised Position

5—Pointer and Pointer-Stop
6—Knife

7—Leveling Screw

8—NBS Augmenting Weight
9_Textile Augmenting Weight

Fic. 2.—Falling-Pendulum (Elmendorf) Tear Tester, Textile Model with
Augmenting Weights.
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TABLE I—FACTORS FOR CALCULATING TEARING FORCE IN GRAMS
FROM SCALE READINGS IN PER CENT AND TESTING RANGE.

Factors for
Caleulating .
ff Tear Test: Copity | s ot o | 20 oo 60 por moct
Flemendor Teas Testee Grams) | “Seale Read- | Capacity (graios)
ings ia per
cent
Standard Instrument, without Augmenting Weigl_xts_ 1600 16 320 to 960
Standard Instrument, with NBS Augmenting Weight] 3200 32 640 to 1920
Standard Instrument with NBS and Textile Aug-
menting Weights. . .. ______ 6400 64 1280 to 3840

using the die to cut a specimen from co-
ordinate paper graduated in millimeters.
Apply a small amount of graphite to the
cutting knife or the edge of the die used
for cutting the slit (from an ordinary
lead pencil) so that when the cut is
made some of the graphite transfers to
the paper; this serves to contrast the cut
from the uncut portion of the paper
and facilitates the measurement. Make
this measurement either with a good
quality steel rule graduated in 0.2 mm or
better and under magnification, or alter-
natively, by use of a go, no-go gage
available from the manufacturer of the
instrument. If necessary adjust the
height of the knife. Do not change the di-
mensions of the specimen.

(c) Level the instrument so that, with
the sector free, the line on the sector in-
dicating the vertical from the point of
suspension is bisected by the edge of the
pendulum stop mechanism. Movement of
the instrument during the swingiug of the
pendulum is a significant source of er-
ror. Therefore, securely anchor the in-
strument to a heavy table or bench (Note
4). Use a table sufficiently rigid that
there will be no perceptible movement of
the table or instrument during the swing
of the pendulum.

NoTE 4.—Threaded bolt holes are usu-
ally provided in the base of the instru-
ment and may be used to secure the
instrument to the table. An alternative
procedure is to place the instrument on a
guide which ensures that the instrument
always has the same position on the
table. A so-called “floor-strip™ is avail-
able from the manufacturer for this pur-
pose.

(d) Check the friction in the main
bearing ss follows: Draw a pencil line on
the pendulum-stop mechanism 25 mm to
the right of the sector stop. Raise the
sector and holding the sector stop down,

41969 Book of ASTM Standarls, Part
(5.
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pointer against its stop. On releasing the
sectr and holding the sector stop down,
the sector should make at least 20 com-
plete oscillations before the edge of the
sector which engages the stop no longer
passes to the left of the pencil line. Other-
wise, clean, oil, and adjust the bearing.
(e) Check the zero pointer stop as
follows: Operate the leveled instrument
several times with nothing in the clamps,
the movable clamp being closed. If zero
is not registered, adjust the pointer stop
until the zero reading is obtained. Do ‘not
change the level to adjust the zero.
(f) Check the friction of the pointer
as follows: Set the pointer at the zero
reading on the scale before releasing the
sector, and after release see that the
pointer is not pushed more than three
scale divisions (4 mm) nor less than
two scale divisions (2¥2 mm) beyond the
zero. If the pointer friction does not lie
between two and three divisions, remove
the pointer, wipe the bearing clean, and
apply a trace of good clock oil to the
groove of the bearing. Reassemble and
check pointer friction. Recheck zero and
readjust the pointer stop if necessary.

Verification of Scale

A3, (a) The scale may be verified
either by the relatively simple method
which uses Elmendorf check weights ob-
tainable from the manufacturer; or alter-
natively by the procedure described in the
Method of Test for Internal Tearing Re-
sistance of Paper (ASTM Designation:
D 689),4 which is relatively time con-
suming and more complicated. The same
accuracy and effectiveness are claimed
for the two methods.

(b) Once the scale has been verified,
it is unnecessary to repeat this step pro-
vided the tester is kept in adjustment
and no parts are changed or become
worn.

(c) Anchor and level the tester as
described in Section A2.

(d) Check Weight Method:

(1) Use a set of five check weights
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calibrated for five values of 1he Elmen.
dorf Tester, namely 320, 560, 880, t209
and 1440 g (that is 20, 35, 55, 75 ang
30 per cent of the scale value of the
1600-g scale); and so constructed that
cach weight can be inserted in 1he clampg
by the procedure used for a fabric spec;.
men.

(2) With pendulum in 1he raised po-
sition, open the clamp of the pendulum
slide the weight into position, and fastu;
it securely in the clamp. Depress the
pendulum stop, thus releasing the pen-
dulum. Hold down the stop until after
the tear is completed and catch the pen-
dulum on the return swing. Read the
scale to the nearest division. See Section
10(d).

(3) Repeat this procedure with each
of the check weights.

(e) ASTM Method D 689 Procedure;

(1) Clamp a known weight ig
grams, W, to the radial edge of the sector
beneath the jaws, the center of gravity of
the weight (including means of attach-
ment) having been previously marked by
a punched dot on the face of the weight
that is to be to the front of the instru-
ment.

(2) Raise and set th(: sector as for
tearing a specimen and, by means of a
surface gage or cathetometer, measure in
centimeters to the nearest 0.01 cm the
height, H, of the center of gravity of the
weight above a fixed horizontal surface.
Then release the sector, allow it to swing,
and note the pointer reading. Without
touching the pointer, raise the sector un-
til the edge of the pointer just meets with
its stop, in which position again deter-
mine the height, 4, of the center of
gravity of the weight above the fixed
surface.

(3) The work done is W(h — H)
gram-centimeters. The pointer reading
should be KW(h — H), where K is 1/8.6
cm (that is 1 divided by twice the dis-
tance torn) (Note 5).

Note 5.—The value of this X differs
from that given in ASTM Method D
689 because the latter is based on tearing
16 sheets of paper; and therefore, the
distance torn is 16 times greater (that is
137.6 versus 8.6 cm).

Instrument Factors for Calculation and

Testing Range

A4. (a) For instruments with scales
calibrated in per cent, use the factors
given in Table I for calculating the tear-
ing force in grams. These factors take
into account the capacity of the tester.

(b) The acceptable testing range of
between 20 and 60 per cent of the scale
value is shown for the direct-reading
scale in Table L.
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- other flexible materials to abrasion
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" of Principle

lch‘l Fe

by ) 2.1 An unfettered fabric specimen

::* is driven by an impeller (rotor) along
-~ Sy zigzag course in a generally cir-

eular orbit within a chamber, so that

for

£a  @B# repeatedly impinges the walls and
tin gbradant liner of the chamber, while
a‘: _ the same time it is being continually
el gubjected to extremely rapid, high
ng, ity impacts. The specimen is
out . jected to flexing, rubbing, shock,
m pression, stretching, and other me-
oy nical forces during the test. Thus
of sion is produced throughout the
ted of the specimen by rubbing of

against yamn and fiber against
. as well as by rubbing of surface
against surface and surface against
‘abradant.
{22 Evaluation is made on the basis
tof weight loss of the specimen, or
fgrab strength loss of the specimen
‘broken at the abraded edge, or on the
asis of change in other characteris-
such as air permeability, light
' tra smission, visual appearance, hand,
Fetc., depending on the type of fabric

3
U
2

les “and its intended end use. Generally,
ors - flat woven fabrics should be tested
;‘: By the grab breaking strength loss
er. ' @ method, while tufted and other *3-di-
of mensional” fabrics should be tested by
i:‘: the weight loss method.

’«:5- Uses and Limitations

£ 3.1 The results of the test are af-
I fected by its duration, the size, shape,
and angular velocity of the rotor, and
by the type of liner used. These ef-
fects are interrelated and may be
varied to produce the desired degree
of abrasion in the test specimen. For
example, it may require only 2 or 3
minutes at 2000 rpm to produce a
reasonable degree of abrasion in a
dellc.ate or fragile fabric, while a
heavier or more durable fabric may

require 10 minutes at 3000 rpm.
3.2 The results of this test should
not be equated with service life.

4, Apparatus and Materials
4.1 Accelerotor (Fig. 1) (see 13.2).

Fig. 1—Accelerator Fitted with Abrasive
Liner over Foam Rubber Cushion and
with 42" S-Shape Rotor.

4.1.1 Rotor, offset (elongated S-
shape), 4% in. (114.3 mm) (Fig. 2)
(see 13.3).

T

Fig. 2—Elongated S-Shape Rotor.

4.1.2 Collar insert, plastic, lined
with % in. (3.175 mm) polyurethane
foam (see 13.4).

4.2 Liner, abrasive
13.2 and 13.5).

4.3 Neon Lamp or another strobo-
scopic device (see 13.2). .

4.4 Timer, automatic, accurate to
=+1 second.

4.5 Adhesive (see 13.6).

4.6 Tape, coated one side (Per-
macel P-691 (see 13.2).

4.7 Tape, coated both sides (Per-
macel P-50) (see 13.2).

4.8 Brush, nylon (see 13.2).

4.9 Thread, size E, Type I, Class 1
or 2, Fed. Spec. V-T-295 (see 13.7).

No. 250 (see

5. Sampling

5.1 The specimens must be repre-
sentative of the whole sample to be
tested.

6. Specimens

6.1 Number.—A minimum of three
replicates is required.

6.2 Size.

6.2.1 Method A (for evaluation by
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the weight loss method) .—Specimens
of heavier or bulkier fabrics should
be cut smaller than those of lighter
fabrics. Table I is a guide to the re-

Table
Selection of Specimen Size
Weight Range of

Fabrics oz per sqyd

(g per g m) Size of specimens
9-12 (300-400) 3-3/4 in. (95 mm) &q.
6- 9 (200-300) 4} in. (115 mm) eq.
3- 6 (100-200) 51 in. (135 mm) sq.

less than 3 (100) G in. (150 mm) &q.
lationship between fabric weight, .in
ounces per square yard, and specimen
size.

6.2.2 Method B (for evaluation by
the grab breaking—strength loss meth-
od).—The specimen size is 4 in. x 6
in. (100 mm x 150 mm) with the
greater length in the direction of the
yam to be broken (see 7.1.2).

7. Preparation

7.1 Specimens.

7.1.1 Method A—Cut a specimen
with pinking shears (see 13.8). Place
it on paper (to protect bench top)
and apply a thin coating of adhesive
to each pinked edge (Fig. 3) (see
13.6). Allow the adhesive to dry at
room temperature.

7.1.2 Method B—Cut Specimens 4
x 12 in. (100 x 300 mm) (twice the
length required for the grab break-
ing test). Number each specimen. at
both ends, and then cut in half, one
half for determining the original grab
breaking strength, and the other for
determining grab breaking strength
after abrading. The specimen to be
abraded should then be prepared as
in Method A. Then fold each speci-
men across the long dimension 2
inches from an end, making it into a
4 x 4 in. (100 x 100 mm) square.
Attach the 2 x 4 in. (50 x 100 mm)
flap with a seam % in. (6.4 mm)
from its edges including the folded
edge to the body of the specimen

(Fig. 4). Use 11 stitches to the inch

(see 13.7).

7.2 Adjustment of Tachometer on
Accelerotor.

7.2.1 Neon Lamp.—To check the
accuracy of the tachometer, the neon
lamp is used as a simple stroboscope
to view the spinning rotor. With the
test chamber door closed and the neon

AATCC Technical Manual



Fig. 3—Application of Ubabond Replacement Adhesive to Pinked Edges of
Specimen from Plastic Squeeze Bottle.

bulb held close to the window of the
door, the rotor gives distinct patterns
at several useful speeds. With some
practice, the following patterns will
be recognized: 1800 rpm—the rotor
appears as a stationary distinct two-
bladed figure; 3600 rpm—the hub of
the rotor appears as a stationary blur
with two slight lobes apparent on the
sides of the hub. If the tachometer
does not read the appropriate speed,
turn the small screw on the dial face
to correct it.

7.2.2 Stroboscope.—Set the strobo-
scope dial at 3000 rpm. Close the

- door. Start the Accelerotor and bring

the speed of the rotor to a point at
which it appears as a stationary, two-
bladed figure. If the tachometer does
not read 3000 rpm turn the small
screw on its dial face to correct it.

7.3 Liners (see 13.9).

7.3.1 Installation of Liners—Cut a
16%2 in. (420 mm) long strip of No.
250 abrasive liner and fit it snugly

Fig. 4—Specimen Prepared for Testin
¢ by Method B. - .

AATCC Technical Manual

inside a foam-lined collar. This re-
sults in about ¥4 in. (12.7 cm) over-
lap. Draw a line along the overlap
edge and trim to form a close butt.
Join the butt ends by pressing a 2%
x 1 in. (76.2 x 25.4 mm) piece of
single-face tape (Permacel P-691)
along the underside of the abrasive
liner at the butt joint. Replace the
liner and fasten it to the collar by
means of a 1 x %2 in. (25.4 x 12.7
mm) tab of single-face tape, at each
end of the butt (the tape beginning
from ¥ in. (6.4 mm) in on the abra-
sive liner face and lapping over the
edge to the underside of the collar
as illustrated in Figure 5).

7.3.2 Break-in of Fresh Liner—In-
sert the prepared collar into the Ac-
celerotor equipped with the selected
rotor. Break in the abrasive liner by
running a 4% in. (115 mm) square
specimen of 80 x 80 finish-free cotton
(preferably Airplane Cloth), edged
with adhesive. Close the door, start
the Accelerotor and maintain rotor
speed at 3000 rpm for 12 minutes,
If difficulties are encountered in run-
ning one specimen 12 minutes, two
specimens may be run, one after the
other, for 6 minutes each. Stop the
Accelerotor and remove the speci-
men. Brush the abrasive liner to re-
move detritus.

7.3.3 Reversal of Liner—For great-
er reproducibility, it is recommended
that after six test specimens have been
run the collar assembly be removed
from the Accelerotor and replaced in
such a way that the rim which was

2-124

next to the door

£Oes (o ¢ J - (1142

the chamber, he back of (:it lit
7.3.4 Change of Liner. It § B0
—1t is 10.

megd;d tfhat an abrasive liner br?z?;: “pd P
carded after 12 specimens |, 0.
run (see 13.10). S Leen [hcl /
curate

8. Conditioning deslse
10.

8.1 Preconditioning. Let speci emov
reach moisture equilibrium inp:c::‘af: " 10.
dard atmosphere for preconditioning detrit
prior to conditioning it in the stan- 10.
f;r;ll)atmosphere for testing (see detril
A1), A 10.
8.1.1 Moisture equilibrium for pro.. n
conditioning is defined as having'f‘-ﬁa- S melo-
attained when the change in welshs analy
does not exceed 0.5% of the we g 10.
of the specimen per 2 hr of expomire;,. = = 10,
8.1.2 The standurd atmosphere for 10.1.
preconditioning is an atmosphere ‘of 10
low relative humidity (5-25%) at. q restol
temperature not exceeding ‘t_ i 150
(49C). \ L 10
8.2 Testing. Let specimen renc 821
moisture equilibrium in the st 1 3 10
atmosphere for testing: 70 + 2R by tt
*+1C) and 65% *+ 2% RH, ey Yaci
8.2.1 Moisture equilibrium for com-' Fnen
ditioning at the standard atmosphery teste
is defined as having been atta must
when progressive gain in weight ¢ valid
does exceed 0.1% of conditi "
weight per 2 hr of exposure. = & o ¢
o abra

9. Sofety Precaution

9.1 For safety, the door Of‘t!he n.
Accelerotor must be kept closed when-

ever the motor is running. 3 !
£ cula
i eact
10. Testing Procedures g

10.1 Method A—Weight Loss. *=
10.1.1 Weigh the conditioned speci-'
men (see 8.1) on an analytical bal-
ance to +0.001 gram. Y24

i uring Abrasive Lines
Fie. S Coam-Lined Collar. 5
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(1143 mm) long rotor, and No. 250

W grit liner (13.3 and 13.9).

10.1.3 Crumple the test specimen
and place it in the chamber.

10.1.4 Close the door (see 9), start
the Accelerotor and maintain ac-
curately at a selected speed for the
desired time.

10.1.5 Stop the Accelerotor, and
remove the test specimen.

10.1.6 Brush the liner to remove
detritus.

10.1.7 Shake the specimen free of
detritus.

10.1.8 Condition the tested speci-
men (see 8.2 and 8.2.1).

10.1.9 Reweigh the specimen on an
analytical balance to +0.001 gram.

10.2 Method B—Strength Loss.

10.2.1 Perform Steps 10.1.2 through
10.1.7.

10.2.2 Remove stitching thread to
restore specimen to 4 x 6 in. (100 x
150 mm) dimension.

10.2.3 Condition specimen as in
8.2 and 8.2.1.

10.2.4 Determine breaking strength
by the Grab Method ASTM D 1682,
placing the worn edge of the test speci-
men between the jaws of the tensile
tester (see 13.12). The specimen
must break at the abraded edge for a
valid test.

10.2.5 Determine breaking strength
on conditioned (see 8.2) original (un-
abraded) (see 7.1.2) specimen.

11. Caleulation and Evaluation

11.1 Method A.—Weight Loss. Cal-
culate the percent loss in weight for
each specimen to +0.1%.

11.2 Method B.—Strength Loss.
Calculate the percent strength loss for
each pair (see 7.1.2) of specimens.

11.3 Additional tests. Additional
evaluations may be made by determin-
ing abrasion-caused changes in air
permeability, light transmission, thick-
ness, visual appearance, hand, stiff-
ness, etc.

12. Report

12.1 Method A—Report the aver-
age percent weight loss for the three
replicate test specimens.

12.2 Method B—Report the aver-
age percent tensile strength loss for
the three test specimens.

12.3 The report must state the ex-
act conditions employed, i.e., speed,
time, size and type of rotor, and type
of liner.

13. Notes

13.1 For additional information see:
«Abrasion Testing with the Accelerotor-
Reproducibility in Interlaboratory Tests.”
Am. Dyestuff Reptr. 47, No. 20, 679-83
(1958). “The Accelerotor for Abrasion
Testing and Other Purposes.” [bid. 45,
No. 19, 685-700 (1956).

13.2 For procurement write to Atlas
Electric Devices Co., 4114 North Rav-
enswood Avenue, Chicago, Illinois
60613.

13.3 For special applications, pitched-
blade rotors 44 in. (107.95 mm), 4%
in. (114.3 mm) and 4% in. (120.65 mm)
and a shorter, 4% in. (107.95 mm) off-
set S-shaped rotor are available.

13.4 For special applications, a Y4 in.
(6.4 mm) neopren¢ sponge liner, which
can be used in place of the collar, is
available.

13.5 For special applications, abrasive
liner No. 180 is available.
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3.6 To prevent fraying, Ubabond Re-
placement Adhesive is applied to pinked
edges of the specimen with a plastic
squeeze bottle (see Fig. 3) to form a
thin coating on edges. Penetration of
aghesiVe into edges of specimen can be
aided by use of small stiff brush. For
unusual fabrics which cannot be pinked
specimens may be ravelled ¥ in (3_2'
mm) along cach edge and adhesive ap-
plied as above.

13.7 For procurement information re-
garding a suitable thread, write to:
?ZA;TSCCRTechnIilca_lr Center, P. O. Box

. Researc riangle Par! .
27709. ’ kN

13.8 It is convenient to mark speci-
mens for cutting by means of square
templates made of metal, plastic or
cardboard. If available, cutting dies of
appropriate dimensions may also be
used; however, died specimens should be
:a:;vgl)led prior to the edge sealing (see

13.9 The No. 250 grit liner is used
in most tests, but for special applications
the No. 180 grit liner, and the no-grit
(%4 in. or 6.4 mm neoprene sponge)
liner may be used. The No. 180 grit
liner is installed the same way as the
No. 250 liner. When the neoprene
sponge liner is used, no collar insert is
needed, instead the liner is secured in
the chamber by placing a small piece of
a double-face tape (Permacel No. P-50)
between the butt joint of the liner and
the chamber wall. No break-in of this
type of liner is necessary.

13.10 If the liner has not been sub-
jected to severe duty, it may be used for
more than 12 tests. The effective life
of a liner may be checked by determin-
ing the weight loss of a control fabric,
such as 80 x 80 cotton at the beginning
of a series of tests and after intervals of
5 or 6 test specimen runs.

13.11 Preconditioning time, tempera-
ture and relative humidity are important
for measurements in which régain is
critical, as in weight change measure-
ments.

13.12 Tensile strength tester as de-
scribed in ASTM D 76.

AATCC Technical Manua
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45“9 Designation: D 3786 - 87

Standard Test Method for

Hydraulic Bursting Strength of Knitted Goods and Nonwoven
Fabrics—Diaphragm Bursting Strength Tester Method®

This standard is issued under the fixed designation D 3786; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year ol

last revision, numbcr in parentheses indicates the vear of last reapproval. A

superscnipl epsilon («) indicates an editoria) change since the Last rev nion or feapproval.

1. Scope .

1.1 This test method covers the determination of the
resistance of textile fabrics to bursting using the Hyvdraulic
Diaphragm Bursting Tester, This test method is generally
applicable to a wide variety of knitted goods and nonwoven
fabrics (sce 8.1).

1.2 This test method is not recommended for general use
on uncoaled woven fabrics, which are generally tested for
breaking strength (load) as directed in Test Methods D 1682,

NOTE 1—For the measuremeni of the bursling sirength by means of
a ball burst mechanism, refer 10 Test Method 1D 3787.

1.3 This standard may involve ha=ardons materials, oper-
ations, and equipment. This standard does not purport 1o
address all of the safery problems associated with its wuse. Itis
the responsibility of the user of this standard 1o establish
appropriate safery and health practices and determine the
applicability of regulatory limitations prior 10 use.

2. Refer_gnced Dpcumcms

2.1 ASTAM Standards: ;.

D 123 Terminology Relating to Textiles?

D 1682 Test Methods for Breaking Load and Elongation
of Textile Fabrics?

D 1776 Practice for Conditioning Textiles for Testing?

D 3787 Test Method for Bursting Strength of Knitted
Goo&!s-—Constunl-Ratc-of-Tra\'crsc (CRT) Ball Burst
Test

2.2 Other Standard-

TAPPI T 403, 0S-74 Bursting Sirength of Paper?

3. Definitions

3.1 barsting strength, n—the force or pressure required to
fupture a textile by distending it with a force, applied at right
angles to the plane of the fabric, under specified conditions.

3.2 knitted fabric, n—a structure produced by inter-
l°0Ding one or more ends of varn or comparable material.

3.3 nonwoven Jabric, n—a textile structure produced by

nding or interlocking fibers, or both, accomplished by

Mechanical, chemical, or solvent means, and combinations
ereof,

—

' This test method is under the jurisdiction of ASTM Commitee D-13 on
Teatiles and is the direcy fesponsibility of Subcommitice D13.59 on Fabric Test
Methads, General,

Current edition approved July 31, 1987. Published Sepiember 1947, Originally
Published as D 3786 - 79. Last previous edition D 3786 — 80a.

Y Annual Book o ASTM Standards. Vol 07.01.

Y twmaal Busok of 45T Standurds, Vol 07.01,

* Available from Technical Association of the Pulp and Paper Industry, |
Unwoody Park. Atlanta, GA 30341,

3.3.1 Discussion—The term does not include paper or
fabrics that are woven, knitted or tufted.

3.4 For definitions of other textile terms used in this test
method, refer to Terminology D 123.

4. Summary of Method .

4.1 A specimen of the fabric or garment is clamped over
an expandable diaphragm. The diaphragm is expanded by
Mluid pressure to the point of specimen rupture. The differ-
cnce between the total pressure required 10 rupture the
specimen and the pressure required to inllate the diaphragm
is reported as the bursting strength.

5. Uses and Significance

5.1 This method for the determination of diaphragm
bursting strength of knitted goods and nonwoven fabrics is
being used by the textile industry for the evaluation of a wide
varety of fabrics.

5.2 Although test results oblained using the procedures in
Test Method D 3786 have not been correlated with actual
performance, Test Method D 3786 is considered satisfactory
for acceptance testing of commercial shipments of knitted
fabrics for bursting strength since the method has been used
extensively in the trade for acceptance testing. In cases of
disagreement arising from dilferences in values reported by
the purchaser and the seller when using Test Method D 3786
for acceptance testing. the statistical bias, il any, between the
laboratory of the purchascr and the laboratory of the seller
should be determined with comparison based on testing
specimens randomly drawn from one sample of maienal of
the type being evaluated.

Note 2—The kind of load transfer and stretch 1hat occur when
knitled goods and nonwoven fabrics are worn are prevented by
clamping them as described in this method.

6. Sampling

6.1 Lot Sample—As a lot sample for acceptance testing.
tuke at random the number of rolls of fabric directed in an
applicable material specification or other agreement between
the purchaser and the supplier. Consider rolls of fabric to be
the primary sampling units.

NOTe 3—An adequale specilicalion or other agreement bclwgcn.l_hc
purchaser and the supplier requires taking into account the variability
between rolls of fabric and between specimens from a swatch fron} a foll
of fabric 1o provide a sampling plan with a meaningful producer’s risk.
consumer's risk, acceptable qu;(:lily level, and limiling quality level.

6.2 Laboratory Sample—As a laboratory sample for ac-
ceptance testing, take a full width swaich 1 m (1 yd) long
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(b) Mode!l C {motor-driven)

L from the end of each roll of fabric in the lot sample, after first
F discarding a minimum of I m (I yd) of fabric from the very
| outside of the roll. From each roll or piece of circular knit

- fabric sclgeted from the lot sample. cut a band at least 305

E mm (1 ft) wide.

- 6.3 Test Specimens—Cut ten test specimens from each
- swatch in the laboratory sample with each specimen being

§ 125 mm (5 in.) square.

1. Condilioning

7.1 Bring the specimens (or laboratory samples) from the

| prevailing atmosphere to moisture equilibrium for testing in
f lhe standard atmospherc for textile testing as directed in

: Practice D 1776.

[ 8. Apparatus and Materials

8.1 Hydraulic Diaphram Bursting Tester'—A testing ma-

chine that meets the requirements of 8.1.1 through 8.1.4. In

Cases of dispute, a motor-driven tester shall be used unless
the purchaser and the supplier agree otherwise. See Fig. 1.
8.1.1 Clamps. for firmly and uniformly securing the test

Specimen between two annular, plane. parallel, and prefer-
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(c) Model C-A (motor-driven)

(d) Model A (motor-driven)

FIG. 1 Hydraulic Diaphragm Bursting Tester

ably stainless steel surfaces, without slippage during the test.
Use sufficient pressure to effect the practicable minimization
of slippage.

8.1.1.1 The upper and lower clamping surfaces shall have
a circular opening at least 75 mm (3 in.) in diameter and
coaxial apertures of 31 + 0.75 mm (1.22 + 0.03 in.) in
diameter. The surfaces of the clamps between which the
specimen is placed shall have concentric grooves spaced not
less than 0.8 mm (V32 in.) apart and shall be of a depth nol
less than 0.015 mm (0.0006 in.) from the edge of the
aperture. The surfaces of the clamps shall be metallic and
any edge which might cause a cutting action shall be rounded
to a radius of not more than 0.4 mm (% in.). The lower

* The Hydraulic Diaphragm Bursting Testers. hand driven Modet LC (Fig. 1V
and motor dnven Models C (Fig. 1B) and (Fig. 1C). and aceessories, manufactured
by B. F. Pcrkins & Son, lac., G.P.O. 366, Cbhicopee, MA 01021, have been found
satisfactory. The motor driven Model A (Fig. | D) hus been found 10 be satisfacton |
for heavyweight fabrics. but may be unsuitable for some lightweight fabrics, Modd ,
C and Model A have different pumping cates and different dwphragms: thercfort: .
it is not likely these two machines will give the same result. The testers also can t‘g
obtained from Testing Machines. Inc.. 300 Bayview Ave., Amityville, NY II“"'E
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clamp shall be integral with the chamber in which a screw
shall operate to force a liquid pressure medium at a uniform
rate of 95 + 5 mL/min against the rubber diaphragm.

NortE 4—Since 1he clamping mechanism and clamping surfaces are
subject 10 considerable wear and distortion. they should be examined
peraivdically and repaired of replaced when fecessary. The effecliveness
of grovving the clamping surfaces in the manner specified has not been
determined.

8. 1.2 Diaphragm’—a diaphragm of molded synthetic
rubber. 1.80 £ 0.05 mm (0.070 + 0.002 in.) in thickness with

be used. the test being carried out with the clamping ring
removed. The diaphragm should be inspected Irequently for
permanent distortion and renewed if necessary.

8.1.3 Pressure Guge—A muximum-rcuding pressure gage
of the Bourdon type of appropriate capacity graduated in
pounds and accurate throughout the entire range of its scale
to within a value of 15 of its maximum capacity, The
capacity of the gage shall be such that the individual readings
will be not less than 25 o nor more than 75 o of the total

apparatus. The recommended chamber fluid is USP chemi-
cally pure 96 % glycerin. The hydraulic system, including the
gages shall be mounted so as to be free of externally induced
vibrations. Means shall be provided at the instant of rupture
of the specimen for stopping any further application of the
loading pressure and for holding unchanged the contents of
the pressure chamber until the total bursting pressure and

€ pressure required to inflate the diaphragm indicated on
the gage have been recorded.

Notg 5—Eithylene glycol may be substituted for the glycerine if
desired,

8.1.S Aluminum Fail for Calibration of Tester®—Pieces of
Pretested aluminum sheet having a known bursting strength
in the range of 70 10 790 kPa (10 to 115 psi) are used for
Checking the overall performance of the tester.

9. Calibration

9.1 Routine Verification of Testing Machine—Check the
Oreration of the tesling machine at least once cach month by

¢ Standardized aluminum sheets for this purpose, bursting over the range from

I 1w 150 psi 1350 w0 1035 kPa) may be obtained from the Pulp and Paper
Csearch Institute of Canada. 3420 University St Montreal, Canada; from
TL‘.\'ling Fuil Service, 304 N Stevens 8., Rhinclander, W 34501: and from Testing
Machings, Ine., 400 Bayview Ave, Amityville, NY 11704
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that marked on the package of the pretested ajym; —

standard.

9.2 Culibration of Gage—Calibrae the ge ol
clined at the same angle at which i js used, b ;n‘:h'le m-__
dead-weight tester of the piston ype, or py mcailns of g svlau:‘e)
column of mereury. Such calibration Is prcf'erablyns of al e
aut with the gage in jis normal position jp the tester “Mmed
9.3 Where agreemen is not atained, check th;: tester 11

according to the instructions given in Tamn: ) .
o574, TS BYen in Tappi Method T:303  4raw

Um shee

. place
NOTE 6—Possible causes of low readings are BIBE ermor (bigg possd
nonlincarity), Bage expansivity too high, excessive ] fios: 7, 11

air in hydraulic sysiem or gage, diaphragm cully
low pumping rae (hand-driven tester). Possibje el
are: gage error (bias nonlinearity), loose Bage pointer (o 0ot} as.
poinler beni by slop-pin,  insufficient clamping forpe (st o
nonuniform clamping (pantial slippingl, stift or inclabtic dia
diaphragm above clamping plate a1 £era, multiple shept ng. h‘lh
Pumping rate (hand-driven lester), and double bursts, I am is
accidently used bevond iis capacity, it must be recahibrated ﬂl!'"fl'"is.
used again, : e

\ 1.

10. Selection and Number of Specimens

10.1 Unless otherwise agreed upon, as when specified
an applicable materjal specification, take ten specimen:
the laboratory sample(s) of fabric. Each specimen sha
least 125 mm (5 in.) square, or a circle 125 mm (
diameter. Specimens need not be cut for testing
specimens {rom knitted [abric should contain the 'sa;
or course varns. Take no specimens nearer the selw;
one tenth the fabric width, This restriction does n
tubular knitted fabric,

I1. Procedure i e

1.1 Unless otherwise specified, make all tests op Speci-
mens conditioned in the standard atmosphere for testing 13.1
textiles as directed in 7. l. ko

LR Test !

11.2 Hand Driven Tester- SRS Brtin
11.2.1 Insert the conditioned specimen under the tripod, and the
drawing the fabric taut across the plate, and clamp fﬂﬁj_l-‘;;iﬂ_ 8 130
place by bringing the clamping lever as far to the right as $pecim

possible.

NOTE 7—For fabrics with considerable stretch, it may be nmla 3
extend the fabric uniformly over the plate 1o remove some of thei-s‘ﬂ:ild_:'
before clamping,

11.2.2 Rotate the hand wheel, clockwise at a unifprm,

speed of 120 rpm until the sample bursts. : ~ . tritica]
I1.2.3 Stop turning the hand wheel at the instant of Observa
rupture of the specimen (sce Note 8). . ) R Uing {
11.2.4 Immediately after rupture and in rapid succession, Rndorm

release the clamping lever over the specimen. lmmedmt.c[r x .
release the strain on the diaphragm by turning the “”KC]
counterclockwise to its starting position and rccord i Luge
pressure required 1o inflale the diaphragm (tare pressure),, T(
Record the total pressure required to rupture the s en

NOTE 8—IF the pressure stops increasing, as indicated by
and 1he specimen has not broken, push the operating lever “:’
pressure. Record that the streich of the fubru:_ cxcc?ds the b
hmitations of the 1ester. 1f slippage of 1he specimen is noled, dis
result and use a new specimen,

1.3 Alotor-Driven Tester:
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TABLE 1 Components of Variance for Bursting Strength
Expressed as Standard Deviations, Percentage Poaints

TABLE 2 Critical Differences for Bursting Strength for the
Conditions Noted, Percentage Points

Single- Wilhin- Between- Number. of Single- Within- Belween,
Operalor Labora- Labora- Observalions Operator Labora- Labora.

Compo- lory Com- tory Com- in Each Pr:z. sion lory lory

nent ponent ponent Average Precision Pl’ea's-on

Spun yams in circutar knit 6.8 1.1 25 Spun yams in circular knit 5 8.4 9.0 13
Filament yams in tricot knit 23 3.1 26 10 6.0 6.7 9.6
20 42 5.2 87
40 3.0 43 8.1
11.3.1 Insert the conditioned specimen under the tripod,  Fiament yamsin tricotknit 5 29 9.1 1.6
drawing the fabric taut across the plate, and clamp fabric in 10 20 8.8 1.4
place by bringing the clamping lever as far to the right as fg :'3 g; ::3
possible (sce Note 6). ' 3

11.3.2 Inflate the diaphragm by moving the operating
handle to the left.

11.3.3 While the diaphragm is inflating, take hold of the
latch that is located below, or to the right, of the operating
handle. At the instant of rupture of the specimen, swing the
latch as fur as it will go to bring the operating handle to an
idling (neutral) position (sec Note 8). Record the total
pressure required to rupture the specimen.

11.3.4 Immediately after rupture, and in rapid succession.
release the clamping lever over the specimen. Immediately
relieve the strain on the diaphragm by dropptng the latch
back 1o its normal position, throw the operating handle to
the night, and record the pressure required to inflate the
diaphragm (tare pressure).

12. Calculation

12.1 Calculate the bursting strength of each specimen by
subtracting the tare pressure required to inflate the dia-
phragm from the total pressure required to rupture the

- specimen.

12.2 Calculate the average of all specimens tested.

13. Report
13.1 State that the specimens were tested as directed in

" Test Method D 3786 using the Hydraulic Diaphragm

Bursting Tester. Describe the material or product sampled
and the method of sampling used.

13.2 Report the bursting strength of each individual
specimen and their average in kPa (psi).

13.3 Report the type of bursting tester used.

14. Precision and Bias

14.1 Summary—In comparing two averages of ten obser-
vations each, the difference should not exceed the following
critical differences in 95 out of 100 cases when both sets of
observations are taken by the same well-trained operator
ustng the same piece of test equipment and specimens
randomly drawn from the same sample of material.

41 kPa (6.0 psi)
14 kPa {2.0 psi)

Spun yarn in circular knit
Filament yarn in tricot knit

Larger differences are likely to occur under all other circum-
stances. The value of the bursting strength of knitted goods
can only be defined in terms of a specific test method.

“ The crilical ditferences were calculaled using ! = 1,645, which is baseg on
infinite degrees of freedom.

Within this limitation. the procedure for bursting strength i
Test Method D 3786 has no known bias. Sections 142
through 14.4 explain the basis for this summary and for
cvaluations made under other conditions.

14.2 Interlaboratory Test Data’—An interlaboratory test
was run in 1977 in which randomly drawn specimens of six
fabrics were tested in each of four to five laboratories. Three
fabrics were circular knit fabrics containing spun yarns and
three of the fabrics were tricot knit fabrics containing
filament yarns. The components of variance for bursting
strength results expressed as standard deviations were calcu-
lated to be the values reported in Table 1.

Note 9—The difference in variability between the two groups of
fabrics is thought to be the result of the differences between the source
yamns rather than the type of equipment on which the fabrics were knit,
There is no objective evidence to substantiate this belief.

Note 10—The interlaboratory test data were obtained with motor-
driven testers. The precision of the method using a hand-operated 1es1er
has not been determined.

14.3 Critical Differences—For the components of vari-
ance reported in 14.2, two averages of observed values
should be considered significantly different at the 95 %
probability level if the difference equals or exceeds the
critical differences listed in Table 2 (Note 9).

NoTe 11—The tabulated values of the critical differences should be
considered to be a genecral statement particularly with respect to
between-laboratory precision. Before a statement can be made about
two specific laboratories, the amount of statistical bias, if any, between
them must be established, with each comparison being based on recent
data obtained on specimens randomly drawn from a sample taken al
random from a lot of the matcrial to be evaluated, -

14.4 Bias—The bursting strength of knit goods can only
be defined in terms of a specific test method. Within this
limitation, the procedure in Test Method D 3786 for
bursting strength has no known bias.

15. Indexing Terms -

I5.1 This standard is indexed under the following terms:
knitted fabric. nonwoven fabric, and bursting strength.

? ASTM Rescarch Repont No. RR:D13-1061. A copy is available on loan from
ASTM Headquarters, 1916 Race St., Philadelphia, PA 19103.
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The American Socisty for Testing and Materials takes no pasition respecting the valldity of any patent rights asserted in connectian
with any item mentioned in this Standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. :

This standard is subject to revision at any time by the respansible technical committee and must be reviewed every five years ang
if not revised, either reapproved or withdrawn. Your commaents are Invited either for revision of this standard or for additional standards
8nd should be addressed to ASTM Headquartars. Your comments will receive carelul consideration at a meeting of the responsible
technical committes, which you may attend. If you feat that your comments have not receved a lair hearing you should make your
views known o the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Raw fubric

—
650 k/h

-

Formula 2

Formula 1 w s w s w
| _ | _
_ A _
| , | |
b 4 Y hd h 4
Enzyme | | =~ Storing H.W > scouring . .Q — H.wW c.w
Saturator ;.mn:Ion_ g0°C/200 saturator 4 ! 4 s 90°C/20" —b 20" |/
ww c c ww /&n ww
P Ay - |v wwW
95-100°C/2.30h
] Formula 4
J-box w w m_ J-box Formula 3
hyd. per. bleaching _ HW  |¢— =
< 1 saturater | CW 90°C/20' scouring/halt '
bleaching e |
ww c —) 44— saturator 4+—
s [
95-100°C/2.30h F » WW
W e W 95-100°C/2.30h .
g\ » half bleached fabric (to drying)
v
Ly HW 5 W ) full bleached fabric (to drying)
90°¢f20" 20
ww c ww
4 ah WW
{ 4

'Fig. 3 Typical Process Flow Diag. of Pretreatment of Woven Fabrics

on Gaston County Range (Rope Form).
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Item July 95-June 96 July 96-June 97 %
Ton |LE1000| Ton | LE1000 | Value |Volume
Cotton yarns 41444 | 692606 | 53846 | 806280 .| +29.9 | + 16.4
Cotton textiles 13108 | 210008 | 19621 | 291814 | +49.7 | +39.0
Cotton knitted products 15583 | 591415 {17802 | 682789 | +14.2 | +15.5
Cotton terry products 2762 | 55623 | 3233 65405 | +17.1 | +17.6
Cotton clothes 13654 | 514529 | 11495 | 452960 | -15.8 | -12.0
Cotton bed-s;heets 9596 | 171611 | 8464 | 159808 | -11.8 -69
Medical cotton & sash 1234 9503 568 5174 -52.2 | -45.6
Total 97831 | 2245295 |115047 | 2464230 | +18.1 | +9.8
Man-made & synthetic fibers | 346 2477 256 1511 -26.0 | -39.0
Man-made & synthetic 147 2062 97 1008 | -34.0 | -51.1
Rayon filaments
Man-made & synthetic yarns 455 4834 2554 21289 |+461.3 | +340.4
Man-made & synthetic clothes 12 120 804 31132 0.0 0.0
Man-made & synthetic 2690 | 63357 | 3893 | 121529 | +44.7 | +91.8
bed-sheets
Total 3650 | 72850 7604 176469 | +108.3 | +142.2
Blended yaras 4826 | 57783 | 7418 76369 53.7 | +32.2
Blended textile 2964 | 50786 | 5101 76322 | +72.1 | +50.3
Blended clothes 199 7211 433 17397 [+ 117.6 | +141.3
Blended bed-sheets n.a. 24 2 160 0.0 |+566.7
Total 7989 | 115804 | 12954 | 170248 | +62,1 | +47.0
General total 109020 | 2433949 (135605 | 2810947 | +24,4 | +15.5
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Product 1992 1993 1994 1995 1996
Yarns 36909 | 35070 | 61169 | 39984 | 27790
Fabrics 9765 14946 | 19180 | 12719 | 14294
Knitted Products 3382 5150 5828 7416 7924
Towels 612 1039 1298 1906 1906
Made-Ups 1312 2196 1157 2365 2416
Bed-Linen 2043 2561 4811 6567 6812
Cotton-Wool 229 215 151 486 69
Total 54261 | 61177 | 93594 | 71443 | 61211
N.B. Other textile products are not subject to quota system.
(DY Osala) maddly :(Y-Y-Y) s
Product 1992 1993 1994 1995 1996
Yarns 151 122 220 185 121
Fabrics 38 55 76 62 62
Knitted Products 40 57 61 76 88
Towels 4 5 7 11 12
Made-Ups 16 21 11 25 25
Bed-Linen 10 12 24 37 40
Cotton-Wool 05 | 05 | 05 1 0.5
Total 259.5 | 2725 399.5 397 348.5
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Fig. 21  Fibers Used in the Manufacture of Textile Products
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Fig. 2-2. The textile chain : from fiber to textile end product

Synthetic Fibers

Production of

monomers / Polymers

Transport

(

_

Spining yarn,
weaving/knitting (fabric)

Mechanical Production

Y

Transport

| S

Chemical Processing

Sizing/desizing, washing,
bleaching, dyeing/printing
finishing

J

[

Transport

\.

Mechanical Production

Cutting, grading, making up,
sewing + packaging

=

Y

Transport

Use

Washing, dry cleaning

—

Transport

Disposal

R




Fig. 2-3 Typical Flow Diagram of Yarn Finishing
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Fig. 2-4 : Typical flow diagram of woven fabric finishing
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Fig. 2-5
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Typical Flow Diagram of Cotton Knitted Fabric Finishing
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Fig. 2-7 : Typical Flow Diagram of Polyester Finishing and Making-up
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Fig. 2-8 Typical Flow Diagram of Carpet Finishing
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Table 2.1: Suitability of different classes of dyestuffs for textile fibers.

Class | Wool | Cotton | Celiulose Polyamide | Polyester | Acrylic
derivatives PA PE PAN
Basic X X X X X X
Direct X
Sulfur X
Azoic X X X
Ingrain
Vat X X
Acid X X
levelling
Acid { X
milling
Mordant | X (X X
Metal X X X
complex
Disperse | X X X X
Reactive | (X) X
Pigment | X X X X X X

X = suitable; (X) = of secondary importance. Pigments may be applied to

any substrate by the use of adhesives.
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(Banned Amines)
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Sr. No.

Aryl amine

Other names CAS No.
1 4-Amino biphenyl p-Amino diphenyl xenyl amine | 92-67-1
2 Benzidine B p-Diamino Diphenyl, Fast 92-87-5
Corinth B, BR
3 4-Chloro-o-toluidine 2-Amino -S-chloro toluene 95-69-2
4-Chloro-2-methyl aniline
Red TR Base
4 2-Naphthyl amine f-Naphthyl amine 91-59-8
Fast Scarlet f—Base
5 o-Amino azotoluene 2-Amino-5-azotoluene 97-56-3
Fast Gamet GBC base
6 2-Amino-4-nitro-toluene Fast Scarlet G base 99-55-8
5-Nitro-o-toluidine
7 p-Chloro aniline p-Aminochlorobenzene 106-47-6
8 4-Methoxy-m-phenylene- 2,4-Diaminoanizole 615-05-4
diamine 2,4-Diaminophenyl methyl
ether
b}
9 4,4'-Diaminodiphenylmethane  4,4'-Methylenedianiline 101-77-9
10 3,3 -Dichlorobenzidine - 91-94-1
11 3,3"-Dimethoxybenzidine o-Dianisidine 119-90-4
Di-para-aminodimetamethoxy-
diphenyl
Fast Blue B-Base
12 3,3 -Dimethylbenzidine o-Toluidine 119-93-7
Diaminoditolyl
13 3,3'-Dimethyl-4,4'-diamino- 4,4’ -methylene-bis(o-toluidine) | 838-88-0

diphenylmethane




Sr. No. Aryl amine Other names CAS N?
14 2-Methoxy-5-methyl aniline p-Cresidine 120-71-8
5-Methyl-o-anisidine
m-Amino-p-cresol methyl ether
15 4,4’ -Methylene-bis (2-chloro 3,3'-Dichloro-4,4"-diamino- 101-14-4
aniline) diphenyl methane
4,4"-methylene bis(o-chloro
aniline)
16 4,4*-Oxydianiline 4,4’-Diamino diphenyl ether 101-80-4
17 4,4’ -Thiodianiline 4,4’-Diamino diphenyl sulphide | 139-55-1
18 o-Toluidine 0-Amino toluene 95-53-4
19 4-Methyl-1,3-phenylene Toluene-2,4-diamine 95-53-4
diamine 4-meta toluylene diamine
20 2,4,5-Trimethyl aniline Pseudo cumidine 137-17-7

1,2,4-Trimethyl-5-amino
benzene
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