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ABSTRACT

The research aims to create a new fiber as a textile fiber innovation. In order to replace
or reduce cotton consumption. Cotton is insufficient in the present day.

The physical property of the bambusa blumeana schult was observed. The fiber was
extracted with sodium hydroxide through the formacell method. The influence of chemical
concentration, time and temperature were studied. After that, the separated fiber was treated with
softener. The fiber property was tested using textile testing method.

It was found that the chemical process, according to formacell method, could extract
fibers from bambusa blumeana schult. This was done under high pressure with the ratio of bambusa
blumeana schult to the solution ratio at 1:3. The suitable condition for fiber extraction is the
application of 10% chemical concentration, at 120 degree Celsius for 90 minutes. The separation
technique could only separate the sample into bundle of fiber, not single fiber, yet. The fiber
property test results showed the bamboo fiber was suitable to use as textile raw material in terms of
fiber strength and length. In addition, the fiber had anti-bacteria property whereas other natural

fibers using in textile industry does not have.

Keywords : bambusa blumeana schult, fiber extraction, concentration, solution hydroxide,

formacell method.
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[ o a 1 a U I 1o o
ﬁ”mm‘s’mﬁ'wﬁaiﬂﬂwmﬁmmiw\lummuuuwuwamm“laiﬁ’ﬂuuwuﬂa3J

]
A o

v 9
V197 FrueguuurHuimzvod Tsausungulevuukunaadnlaldideans niuianim

' £ 9 o 3 Aa a 3 a a ) A
smﬂqu“lama"hmﬁmmaﬂmmmazmﬂmﬂuuaamm ﬂ\mﬁﬂﬂuﬂWW‘VI 3.34

M 3.34 M3dannuengule

o ! <3 A
3) MMSNATOVHIAINULUVULTIV09 1o (Fiber strength)
. - L4

TaelHnsoanaaauanuuvansudule@en (Single fiber) HunSoanaaou
[ A = [ A (% Y 9 a o
oa TuA TaenIUANNIINATOULIIAILAZOATINTIAAUBUTU T8R0TV UADUNIUAD TN
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4.4 HANIZNUVAINIIANADANAZANNYNVDIY

(33

nszanngulefivenldainnszurumsdauuiiinisiianuazeialednasedie

[ A 9 . <3 9 1 = % A ‘3
nszuaumsisvantiaveadule (Scouring) i ldinszynnguueslelinsuandaiuiy
< 9 = 1 3 = ] ‘3 9 (% 1
iandesuasdveanszynngulevivuuazianuyniyuale uadinsaninvednszynnguly
v A Y A v %’; a o dy
Auay 1naNeanuNs 4 35 Aail
1) wanszynngulelandiumsiinsinnuazeinledis EPN 1.5 /L, 91j(1097) 1.5

g/LWﬁilﬁ’li‘]J%J‘}Jﬂ’J”lﬂJlill (0X) 6 g/L 1ag C-soda 6 g/L

mni 4.9 wanszannguleldnldarsdSunutiy (0X) 6 gL uag C-soda 6 g/L
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M3199 n.1 WamsmmaNue1dule (Fiber Length test)

7

adaft anuenudulelily Fadwng)
1 82.7
2 85.5
3 90.0
4 86.6
5 84.1
6 85.2
7 84.9
8 86.9
9 84.1
10 82.0
11 89.4
12 84.3
13 85.3
14 85.0
15 82.9
16 83.0
17 85.6
18 86.4
19 85.1
20 85.0
59 1,704.00
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Graph
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o |
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0.0 0.5 1.0 1.5 20
Elongation mm
Tension testResult
Machine name B RTG Test type Tension
Strain input 1 Not used Test speed 100.0 mm/min
Chart speed  OFF Machine rigidity 0 mm/kgf
Point data(Load) 0 0 0|Point data(Strain) 0 0
N 0 0 0 %GL 0 0
Elastic modulus anal. Interval 1 50| Initial sample length  Distance 30 mm
Pitch 1 %max Origin of elongation  Init. load 3.06 gf
Elong adjust No Break point measuren| 05N
Save SS curve Yes
Test date 2011/07/08 Temperature 20 C
Humidity 65 %RH Sample name bamboo
Lot No. AN /| \ L= Preparation test
Operator User
Comment 1 Comment 2
TestID=816| DryTenacity | DryElongatia
Load Strain
Test No gf %GL
1 622 26
2 611 3.0
3 875 19
4 915 23
5 912 27
Min. 611 1.9
Max. 915 3.0
Average 787 2.5
Range 304 11
Stardars Dodation(n-1) 156 0.5
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CONTACT TIME (HOUR)
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AATCC Test Method 100-2004

Antibacterial Finishes on Textile Materials: Assessment of

Developed in 1961 by AATCC Commitiee
RA31; revised 1965, 1981, 1988 (with ti-
tle change), 1993, 1999; editorially re-
vised 1969, 1971, 1974, 1985;
reaffirmed 1977, 1981, 1989, 1998; edi-
tz%r[ila‘uilly revised and reaffirmed 1986,

1. Purpose and Scope

1.1 This test method provides a quanti-
tative procedure for the evaluation of the
degree of antibacterial activity. Assess-
ment of antibacterial finishes on textile
materials is determined by the degree of
antibacterial activity intended in the use
of such materials. If only bacteriostatic
activity (inhibition of multiplication) is
intended, a qualitative procedure which
clearly demonstrates antibacterial activity
as contrasted with lack of such activity by
an untreated specimen may be accept-
able. However, if bactericidal activity is
intended or implied, quantitative evalua-
tion is necessary. Quantitative evaluation
also provides a clearer picture for possi-
ble uses of such treated textile materials.

2. Principle

2.1 Swatches of test and control textile
materials are tested qualitatively for anti-
bacterial activity by AATCC Method 147.
Those showing activity are evaluated
quantitatively. Test and control swatches
are inoculated with the test organisms.
After incubation, the bacteria are ¢luted
from the swatches by shaking in known
amounts of neutralizing solution. The
number of bacteria present in this liquid is
determined, and the percentage reduction
by the treated specimen is calculated.

3. Terminology

3.1 activity, n—of an antibacterial
agent, a measure of effectiveness of the
agent.

3.2 antibacterial agent, n.—in fex-
tiles, any chemical which kills bacteria
(bactericide) or interferes with the multi-
plication, growth or activity of bacteria
(bacteriostat).

4. Salety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific

AATCC Technical Manual/2006

Copyright © 2005 American Associ

details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Both the gualitative and quantita-
tive tests should be carried out by persons
with training and experience in the use of
bacteriological techniques, The U.S. De-
partment of Health and Human Services
publication, Biosafety in Microbiological
and Biomedical Laboratories, should be
consulted (see 13.1).

4.2 CAUTION: Some of the bacteria
used in this test are capable of infecting
humans and producing disease. There-
fore, every necessary and reasonable pre-
caution must be taken to eliminate this
risk to the laboratory personnel and to
personnel in the associated environment.
Wear protective clothing and respiratory
protection that prevents penetration by
the bacteria:

4.3 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

4.4 All chemicals should be handled
with care.

4.5 An eyewash/safety shower should
be located nearby for emergency use.

4.6 Sterilize all contaminated samples
and test materials prior to disposal.

4.7 Exposure 10 chemicals used in this
procedure must be controlled at or below
levels set by government authorities (e.g.,
Occupational Safety and Health Adminis-
tration's [OSHA] permissible exposure
limits [PEL] as found in 29 CFR
1910.1000 of January 1, 1989). In addition,
the American Conference of Governmen-
tal Industrial Hygienists (ACGIH) Thresh-
old Limit Values (TLVs) comprised of time
weighted averages (TLV-TWA), short term
exposure limits (TLV-STEL) and ceiling
limits (TLV-C) are recommended as a gen-
eral guide for air contaminant exposure
which should be met (see 13.2).

5. Limitations

5.1 For a qualitative, relatively quick
and easily executed method to determine
residual antibacterial activity of textile
muterials, refer to AATCC Method 147,
Antibaeterial Activity = Assessment of
Textile Materials: Parallel Streak Method.

6. Test Organisms

6.1 Test bacteria.

6.1.1 Staphylococcus aurens, American
Type Culture Collection No. 6538. Gram
positive organism (seel3.10).

6.1.2 Klebsiellu preumoniae, Ameri-

tion of Textile Cl

can Type Culture Collection No. 4352.
Gram negative organism (see 13.10).

6.1.3 Other suitable species can also be
used.

7. Culture Medium

7.1 Suitable broth/agar media are Nu-
trient, Trypticase Soy and Brain-Heart
[nfusion.

Nutrient Broth:

Peptone (Bacto-peptone)

(see 13.3) 5g
Beef extract (see 13.4) 3 g
Distilled water to 1000 mL

7.2 Heat to a boil to disperse ingre-
dients. Adjust to pH 6.8 = 0.1 with IV
sodium hydroxide (NaOH) solution. (This
is not necessary if prepared, dehydrated
medium is used.)

7.3 Dispense in 10 mL amounts in con-
ventional bacteriological culture tubes
(i.e., 125 x 17 mm). Plug and sterilize at
103 kPa (15 psi) for 15 min.

7.4 Nutrient agar. Add 1.5% bacterio-
logical agar to nutrient (or appropriate)
broth (see 7.1). Heat to boiling. Check
pH and adjust to 7.1 £ 0.1 using NaOH
solution if necessary. Dispense in 15 £ |
mL amounts in conventional bacteriolog-
ical culture tubes. Plug and sterilize at
103 kPa (15 psi) for 15 min. (May be
sterilized in 1000 mL borosilicate glass
flasks and petri dishes poured from this.)

7.5 Slurry Inoculum Carrier (for hy-
drophobic fabrics) (see 7.2 and 7.3);

Sodium Chloride 85g
Agar 30g
Distilled Water 1000 mL

8. Maintenance of Culture of Test
Organisms

8.1 Using a 4 mm inoculating loop,
transfer the culture daily in nutrient (or
appropriate medium) broth for not more
than two weeks. At the conclusion of two
weeks, make a fresh transplant from stock
culture. Incubate cultures at 37 £ 2°C (99
+ 3°F) or other optimal temperature.

8.2 Maintain stock cultures on nutrient
or appropriate agar slants. Store at 5 +
1°C (41 + 2°F) and transfer once a month
to fresh agar (see 13.5).

§. Qualitative Test (Screening or
Presumptive Test)

9.1 For detection of bacteriostatic ac-
tivity use AATCC Method 147 on a test
specimen and control specimen using the
organisms referred to above. For demon-
stration of bactericidal activity, proceed
to the quantitative test described below.

TM 100-2004 149
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10. Quantitative Test (Reference or
Confirmatory Test)

10.1 Preparation. The following de-
seription will be in terms of fabric
swatches. Textile materials not in fabric
form can likewise be tested with the ap-
propriate modification.

10.1.1 Size and shape of treated
swatches: Cut circular swatches 4.8 +
0.1 em (1.9 = 0.03 in.) in diameter, from
the test fabric (preferably with a steel
die). Stack the swatches in a 250 mL
wide-mouth glass jar with screw cap.
The number of swatches to be used is
dependent on the fiber type and fabric
construction. Use that amount of fabric
which will absorb the 1.0 + 0.1 mL of
inoculum, and leave no free liquid in the
jar. For example, 4 swatches of cotton
print cloth will absorb 1 mL. The num-
ber of swatches used per jar should be
reported.

10.1.2 Controls. Swatches of the same
fiber type and fabric construction as test
sample but containing no antibacterial
finish (negative control).

10.1.3 Sterilization of samples. This is
optional. The method to be used depends
on the type of fiber and finish. Cotton, ac-
etate and many manmade fibers can be
sterilized in the autoclave. Wool can be
sterilized by ethylene oxide or by inter-
mittent (fractional) sterilization in flow-
ing steam. The latter is also least damag-
ing to certain finishes. Report method of
sterilization, if used.

10.1.4 Size of inoculum per sample.
Apply 1.0+ 0.1 mL of an appropriate di-
lution of a 24 h broth culture of the test
organism so that recovery from (1) un-
treated control fabric swatches or (2)
treated test fabric swatches at “0” contact
time (plated as soon as possible after in-
oculation) will show counts of 1-2 % 10*
organisms. The dilution of the test organ-
ism should be made in nutrient (or appro-
priate) broth (see 7.1, 7.5 and 13.6).

10.2 Procedure.

10.2.1 Inoculation of fabrics. When
using Staphylococeus aureus, shake a 24
h culture and let stand for 15-20 min be-
fore preparing the inoculum.* Place the
swatches separately in sterile petri dishes
and use a microliter pipette to inoculate
them making sure that there is even dis-
tribution of the inoculum (see 13.7).
Transfer these swatches aseptically 1o the
Jjar. Screw the jar tops on tightly to pre-
vent evaporation.

10.2.2 As soon as possible after inocu-
lation (**0™ contact time), add 100+ | mL

*Using a | mL pipette, pad the inoculum earcfully onto
the fabric. If a strain of Psendomonas that forms a pelli-
cle is used, avoid including fragments of the pellicle in
the inoculum.

150 T™ 100-2004

of neutralizing solution to each of the jars
containing the inoculated untreated con-
trol swatches, the inoculated treated test
swatches and the uninoculated treated
test swatches.

10.2.3 The neutralizing solution should
include ingredients to neutralize the spe-
cific antibacterial fabric treatment and to
take care of any pH requirements of the
fabrics (from finishes, antibacterial
agents, etc.). The neutralizing solution
employed should be reported (see 13.8).

10.2.4 Shake the jars vigorously for
one minute. Make serial dilutions with
water and plate (in duplicate) on nutrient
(or appropriate) agar. Dilutions of 10,
10, 10? are usually suitable.

10.2.5 Incubation over contact periods.
Incubate additional jars containing inocu-
lated untreated control swatches and
jars  containing inoculated treated test
swatches at 37 = 2°C (99 + 3°F) for 18-
24 h. Similar jars may be incubated over
other periods (e.g., 1 or 6 h) to provide
information about the bactericidal activ-
ity of the treatment over such periods,

10.2.6 Sampling of inoculated and
incubated swatches. After incubation,
add 100 = | mL of neutralizing solution
0 jars comtaining untreated control
swatches and to jars containing treated
test swatches, Shake the jars vigorously
for one minute. Make serial dilutions and
plate (in duplicate) on nutrient (or appro-
priate) agar. Dilutions of 10°, 10", 10° are
usually suitable for treated test fabrics.
Several different dilutions may be re-
quired for untreated control fabrics de-
pending on the incubation period.

10.2.7 Incubate all plates for 48 h
at 37 £ 2°C (99 « 3°F) or other optimal
temnperature.

11. Evaluation

1.1 Report bacterial counts as the
number of bacteria per sample (swatches
in jar) not as the number of bacteria per
mL of neutralizing solution. Report “0"
counts at 10° dilution as *“less than 100."

11.2 Caleulate percent reduction of
bacteria by the specimen treatments by
one of the following formulas:

1) 100(B—A)VB =R

where:

R =% reduction

A = the number of bacteria recovered

from the inoculated treated test

specimen swatches in the jar in-

cubated over the desired contact

period

B = the number of bacteria recovered
from the inoculated treated test
specimen swatches in the jar im-
mediately after inoculation (at
0 contact time)

2) 100 (C-A)C=R

where:

C = the number of bacteria recovered
from the inoculated untreated
control specimen swatches in the
jar immediately after inoculation
(at “0” contact time)

If B and C” are not similar, the larger
number should be used, If “B8™ and “C™
are not significantly different, (B + C)/2
should be used as follows:

3) 100(D - A/D)=R
where:
D =(B+(C)2

11.3 If an untreated control is not avail-
able, use the following calculation which
allows for any background organisms
that might interfere with the test.

Bg =100 [(B-E)—(4-F)/B—-E]

where:
A, B= (see 11.2)
E = the number of bacteria initially

recovered from the uninocu-
lated treated test sample (exist-
ing background organisms)

F = The number of bacteria recov-
ered from the uninoculated,
pre-wet treated test sample after
incubation in the jar over the
desired contact period (existing
background organisms after
contact period)

Bg = background organisms

11.4 For a valid test there should be:
(1) 0" colonies of test organism recov-
ered from the uninoculated treated test
specimen swatches and (2) a significant
increase in the numbers of bacteria recoy-
ered from the inoculated untreated con-
trol specimen swatches incubated for the
specified contact time over the numbers
of bacteria recovered from the inoculated
untréated specimen swatches at *0” con-
tact time (immediately after inoculation).
This applies only if dilution was made in
broth (se¢e 10.1.4 and 13.6).

1.5 Report percent reduction of bac-
teria by the specimen treatment against
each test organism.

11.6 The criterion for passing the test
must be determined by the interested
parties.

11.7 Report the dilution medium used.

12. Precision and Bias

12.1 Studies (see 13.9) indicate the fol-
lowing within-laboratory precision of the
Standard Plate Count (SPC) Test: (a)
among-analyst variation of 18% and (b)
within-analyst variation of 8%.

13. Notes and References

13.1 Publication available from U.S. De-
partment of Health and Human Services CDC/

AATCC Technical Manual/2006

Copyright © 2005 American Association of Textile Chemists and Colorists

82



NIH-HHS Publication No. (CDC) 84-8395.

13.2 Booklet available from Publications
Office, ACGIH, Kemper Woods Center, 1330
Kemper Meadow Dr., Cincinnati OH 45240;
tel: 513/742-2020.

13.3 Bacto-Peptone may be obtained from
Difco Laboratories, 920 Henry St., Detroit M1
48201.

134 Beef extract may be obtained from
Baltimore Biological Laboratories, 250 Schill-
ing Cir, Cockeysville MD 21030; Difco
Laboratories (address above); or Oxoid (USA)
Ltd., 9017 Red Branch Rd., Columbia MD
21045.

13.5 Consistent and accurate testing re-
quires maintenance of a pure, uncontaminated,

AATCC Technical Manual/2006

nonmutant test culture. Avoid contamination
by use of good sterile technique in plating and
transferring. Avoid mutation by strict adher-
ence to monthly stock transfers. Check culture
purity by making streak plates periodically
and observing for single species-characteristic
type of colonies.

13.6 The dilution of the test organism may
be prepared in sterile 0.85% saline solution or
suitable buffer if a steady-state culture is de-
sired during the contact period with a fabric or
in the slurry inoculum carrier when hydropho-
bic fabrics are being tested.

13.7 A surfactant may be added to the dilu-
tion medium to enhance wetting of hiydropho-
bic fabrics. The surfactant must be shown not

10 cause a reduction in bacterial numbers, by
prior testing at the intended use concentration.
Report the use and concentration of surfactant
used.

13.8 If sterile distilled water is used in the
place of a neutralizing solution, there will al-
ways be the possibility that some of the bio-
cide will be carried over.

13.9 Peeler, J. T.; Leslie, J. W.; Messer,
J. W. Replicate counting errors by analysts
and bacterial colony counters. /. Food Protec-
tion, Vol. 45, 1982, pp 238-240.

13.10 Available from American Type Cul-
ture Collection (ATCC), P.O. Box 1549, Ma-
nassas VA 20108; tel: 703/365-2700; fax: 703/
365-2701.
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modulus, linear density, secant modulus, tangent modulus,
tenacity, tow, yield point.

3.2 For all other terminology related to textiles, refer to
Terminology D 123.

4. Summary of Test Method

4.1 Single-fiber specimens are broken on a constant-rate-of-
extension (CRE) type tensile testing machine at a predeter-
mined gage length and rate of extension. Using the force-
extension curve, the breaking force and elongation at break are
determined. The force-elongation curve and linear density are
used to calculate breaking tenacity, initial modulus, chord
modulus, tangent modulus, tensile stress at specified elonga-
tion, and breaking toughness.

5. Significance and Use

5.1 Test Method D 3822 using test specimens having gage
lengths of 10 mm (0.4 in.) or greater is considered satisfactory
for acceptance testing of commercial shipments since the test
method has been used extensively in the trade for acceptance
testing. Critical differences noted in Tables 1 and 2 were
obtained on man-made fibers having a gage length of 25.4 mm
(1.0 in.) and 254 mm (10 in.). Natural fibers or fibers having
lesser or greater gage lengths may provide different values and
may require comparative testing. (See 5.1.1.)

5.1.1 In cases of a dispute arising from differences in
reported test results when using Test Method D 3822 for
acceptance testing of commercial shipments, the purchaser and
the supplier should conduct comparative tests to determine if
there is a statistical bias between their laboratories. Competent
statistical assistance is recommended for the investigation of
bias. As 2 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 each laboratory for testing. The average results from the two
laboratories should be compared using Student’s t-test for
unpaired data and an acceptable probability level chosen by the

- two parties before the testing begins. 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 for that
material in view of test results with consideration to the known
bias.

5.2 The breaking tenacity, calculated from the breaking
force and the linear density, and the elongation are fundamental
properties that are widely used to establish limitations on fiber
processing or conversion and on their end-use. applications.
Initial modulus is a measure of the resistance of the fiber to
extension at forces below the yield point. The tangent modulus
and tensile stress at specified elongation may be used to
differentiate between the probable performance of fibers in
processing and end-use performance. The breaking toughness
is an indication of the durability of materials produced from the
fiber.

5.3 It is recognized that computerized results are used
extensively in the industry. When comparing results from two
laboratories using computerized tensile testers, the algorithms

AJ ‘1‘
TABLE 1 Fiber Tensile Properties Using 25.4 mm (1 in.) Gage
Len: 3

gth Ml
Critical Differences for the Conditions Noted” "=
Number of R

Properties, Limits Single- WMRin- Be

of Measure OD:‘eva:;‘ons Operator Laboratory Labora
and Materials Average Precision Precision Preci
Breaking Tenacity, gf/tex: ?
Acetate 1 0.17 0.18 0124
10 0.05 0.08 0.18]
20 0.04 0.07 018
40 0.03 0.06 048
Aramid 1 14.05 14.05 14.05
10 4.44 4.44 4.40
20 3.14 314 . 4
40 222 222 %)
Nylon 1 078 0.78 0.82,
10 0.24 . ‘f'-
20 017
40 0.12
Polyester 1 053
10 0.17
20 0.12
40 0.08
Initial Modulus, gt/tex
Acetate 1 7.32
10 231
20 1.64
40 1.16
Aramid 1 266.1
10 84.2
20 59.5
40 42.1
Nylon 1 6.26
10 1.98
20 1.40
40 0.99
Polyester 1 21.84
10 6.91
20 4.88
40 3.45
Elongation at Break, %
Acetate 1 7.29
10 2.30
20 1.63
40 1.15
Aramid 1 125
10 0.39
20 0.28
40 0.20
Nylon 1 17.93
10 5.67
20 4.01
40 2.84
Polyester 1 14.97
10 4.73
20 3.35
40 2.37

A The critical differences were calculated using t=1.960, which is
infinite degrees of freedom. 511

8]
used to derive results must be examined for parity, that issHS
the maximum slope and specimen failure or ruptur®
determined. s

5.4 The breaking strength of wet fibers tested in air
different from wet fibers tested while immersed. b

5.4.1 Tests on wet specimens are usually made O
fibers which show a loss in breaking force when wet Of
exposed to high humidity, for example, yarns made ¢
animal fibers and man-made fibers based on regenerate
modified cellulose. Wet tests are made on flax fibezto ¢
adulteration by failure to show a gain in breaking fo CerH
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ABLE 2 Fiber Tensile Properties Using a 254 mm (10 in.) Gage
! Length
I Critical Differences for the Conditions Noted”

properties, Limits Ob;::‘:::];'\s Single-  Within-  Between-
of Measure in Each Operator Laboratory Laboratory
and Materials Average Precision Precision Precision
aking Tenacity, gt/tex y
te 1 0.19 0.21 0.23
10 0.06 0.10 0.13
20 0.04 0.09 0.13
40 0.03 0.09 0.12
1 8.73 9.27 9.68
10 . 276 4.15 5.01
20 1.95 3.67 4.61
40 1.38 3.40 4.40
1t " 069 0.74 0.83
10 0.22 0.33 0.51
20 0.15 0.29 0.49
40 0.11 0.27 0.47
1 0.69 0.78 0.79
10 0.22 0.42 0.43
.20 0.15 0.39 0.40
40 . - .0 038 0.39 .
lodulus, gf/tex
1 4.02 4.82 5.29
10 w g 295" 3.67
20 0.90 2.81 3.56
40 . 0.64 274 3.50
$ 1 191.8 191.8 243.7
10 60.6 60.6 162.2
20 42.9 429 156.4
40 30.83 303 ° 153.5
1 .4.85 7.08 10.71
10° 1.53 5.38 9.67
20 1.08 5.27 9.60
40 0.77 5.21 9.58
1 12.26 15.66 17.11
10 3.87 10.50 12.56
20 2.74 10.13 12.26
40 1.94 9.95 R’
ation at Break, %
1 8.28 8.65 8.82
10 2.60 3,72 410
20 1.84 3.24 3.66
40 1.30 2.96 3.42
1 0.64 0.73 0.77
10 0.20 0.41 0.48
20 0.14 0.39 0.46
40 0.10 0.37 0.45
10 14.80 16.20 16.20
10 4.68 8.09 8.09
20 3.31 7.38 7.38
40 2.34 7.00 7.00
ester A 1377 1387 15.85
10 4.36 4.65 8.05
20 3.08 3,49 7.44
40 2.18 2.72 7.11

The critical differences were calculated'uslng t=1.960, which is based on
degrees of freedom.

pparatus and Reagents

80!l Constant-Rate-of-Extension (CRE) Type Tensile Testing

ichine, conforming to Specification D 76, having adequate
jonse characteristics to properly record the characteristics
dthe force-elongation curve, or the stress-strain curve of the
Ders under test at the rate of extension specified in Table 3.

fcapacity of the machine must be selected for the break on
Birecorded curve to fall within 20 to 90 % of full scale,
ferably within 50 to 90 % of full scale. It is permissible to
¢itensile testing machines that have a means of calculating
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TABLE 3 Rate of Extension”
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Estimated Elongation at Break
of Specimen, %

Rate of Extension, % of Initial
Specimen Length/min '

Under 8 - 10
8 to 100, incl. 60
Over 100 240

A For the optimum degree of comparability, tensile properties of filaments should
be measured at the same rate of extension. )

and displaying the required results without the use of an
autographic recorder. The tensile testing machine must be
equipped with a tank to provide for breaking fibers immersed
in a liquid, if tests on wet immersed specimens are required.

Nore 2—Special force-measuring systems may be used to directly
record the tenacity in cN/tex.

6.2 Clamps, with flat jaws for gripping the fiber specimens
and designed to minimize slippage in the clamps during the
test, R
6.2.1 Tabs, when required, of thin plastic or other material
for use with cementing techniques (See Annex Al); and

6.2.2 Cement or Adhesive—The adhesive must be capable
of binding the tabs to the fibers without affecting the moisture
content of the specimen.

Note 3-—For wét testing, the tabs and adhesive must be waterproof.

6.3 Container, separate from the testing machine for wet-
ting out specimens to be tested without immersion.

6.4 Auxiliary Equipment—The testing machine may be
equipped with auxiliary. equipment to pérmit the automatic
recording of data or the calculation of any required tensile
property. The auxiliary equipment must be capable of record-
ing data and performing calculations in a manner consistent
with the definitions and instructions for calculations as de-
scribed in this test method.

' 6.5 Area-Measuring Device—An integrating accessory to
the tensile testing machine or a planimeter. The device shall
measure area with an accuracy of *1 %.

6.6 Jig, to aid in accurately mounting test specimens on tabs
at the specified gage length. '

" 6.7 Distilled or Deionized Water, for use in wet specimen
testing.

6.8 Wetting Agent, Nonionic—For wet specimen testing, for
example, Triton X-100* to make 0.1 % aqueous solution using
water described in 6.7.

7. Sampling

7.1 Lot Sampling—As a lot sample for acceptance testing,
take at random the number of shipping containers directed in
the applicable material specification or other agreement be-
tween the purchaser and supplier, such as an agreement to use
Practice D 3333 or Practice D 2258. Consider shipping con-
tainers to be the primary sampling units. .

Note 4—An adequate specification or other agreement between the
purchaser or supplier requires taking into account the variability between
shipping units, between packages, ends or other laboratory sampling unit
within a shipping unit if applicable, and with specimens from a single

4 Triton-X 100 is a registered trademark of Rohm & Haas.
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package, end or other laboratory sampling unit to provide a sampling plan
with a meaningful producer’s risk, c« ’s risk, accep quality
level, and limiting quantity level.

.

72 Laboratory Sample—As a laboratory sample for accep-
tance testing, take at random from each shipping container in
the lot sample the number of laboratory sampling units as
directed in an applicable material specification or other agree-
ment between purchaser and supplier such as an agreement to
use Practice D 3333 or Practice D 2258. Preferably, the same
number of laboratory sampling units are taken from each
shipping container in the lot sample. If differing numbers of
laboratory sampling units are to be taken from shipping
containers in the lot sample, determine at random which
shipping containers are to have each number of laboratory units
drawn.

7.2.1 For Staple Fiber—Take 50 g samples from laboratory
sampling units.

7.2.2 For Sliver (or Top) or Tow—Take 1 m (1 yd) from the
leading end which has a clean, umform appearance from each
laboratory sampling unit.

7.2.3 For Yarns—Take at least a 1 m (1 yd) length from
each laboratory sampling unit.

7.3 Test Specimens—From each laboratory sampling unit,
take 20 fiber specimens at random. If the standard deviation
determined for the 20 specimens is more than a value agreed
upon between the purchaser and supplier prior to testing,
continue testing in groups of 20 specimens from the same
laboratory sampling unit until the standard deviation for all
specimens tested is not more than the agreed-to value or, by
agreement, stop testing after a specified number.

7.3.1 Carefully remove twist before taking specimens from
yarn. Using tweezers and grasping each specimen at one end,
gently remove the required number of specimens from the
laboratory sampling units for testing. In some cases, if speci-
mens are not to be tested immediately, place them on a
short-pile or plush surface for storage until ready to test.

8. Preparation of Test Specimens

8.1 Measure the linear density of each specimen as directed
in Test Methods D 1577.

8.2 If fibers are to be tabbed, select a technique from Annex
A1 or some other technique agreed upon by the purchaser and
supplier.

8.3 For testing wet specimens without immersion, place the
specimens in a container and submerge in a 0.1 % aqueous
solution of a nonionic wetting agent in distilled or deionized
water at ambient temperature until thoroughly soaked. (See
8.3.1 and 8.3.2.)

8.3.1 The time of immersion must be sufficient to com-
pletely wet out the specimens, as indicated by no significant
changes in breaking force, or elongation at break when
followed by longer periods of immersion.

8.3.2 When desizing treatments are specified prior to wet
testing, use desizing treatments that will not effect the normal
physical property of the material as directed in Test Methods
D 629.

8.4 For wet specimens tested while immersed, proceed as
directed in 11.2.2.
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9. Preparation of Test Apparatus is

9.1 Select the appropriate force range for the fiber t
tested.
9.2 Verify that the temsile tester is within cahbra'.\o
specified in the manufacturer’s instructions.
9.3 Adjust the distance between the clamps to obtam
selected nominal gage length of at least 10 mm (0.4 in.)?
when applicable, 250 mm (10 in.) or more. The most com
gage lengths are 10, 20, 25, and 250 mm (0.4, 0.4, 1.0 an,
in.).

Note 5—The results obtained are normally subject to less error
gage length is selected to be as large as possible, consistent with the “5.1:\ :
of fibers to be tested. When comparisons are to be made between
fibers or where it is necessary to obtain comparable results in
laboratories, it is advisable to use the same gage length for all 't
selecting it to accommodate the shortest fibers of interest.

9.3.1 If the fiber specimen is mounted on tabs before
placed in the testing machine, the distance between tabs de 0
the nominal gage length (See Annex Al).

9.4 Set the extension speed to provide the rate of elong
specified in Table 3 for the gage length selected.

9.5 When using microprocessor automatic data gath
systems, set the appropriate parameters as defined in
manufacturer’s instruction.

10. Conditioning

10.1 Precondition the specimens by bringing them ft6*
proximate moisture equilibrium in the standard atmosphere
preconditioning textiles as directed in Practice D 1776. ..

10.2 After preconditioning, bring the test specxme’“ e
moisture equilibrium for testing in the standard atmosphere
testing textiles as directed in Practice D 1776 or, if appli
in the specified atmosphere in which the testing is,
performed.

11. Procedure

11.1 Test the conditioned specimens in the standardat
sphere for testing textiles, which is 21 = 1°C (70 = 2°F)
65 * 2 % relative humidity.

11.2 Mount a test specimen in the jaws of the clam
removing slack without stretching the specimen. The specil
must be straight within the jaws and extreme care mus
taken to ensure that the fiber specimen lies on the line o£ac
between the force-measunng device and the point where.t
fiber leaves the moving jaw face. Any misalignment that ten
to produce transverse motion of the clamps and jaws~¥
introduce errors in measurements of elongation and
contribute to premature fiber failure.

11.2.1 For testing wet specimens without immersion,
move a specimen from the water and immediately mount’
the clamps as directed in 11.1 and 11.2. Perform the test Wil
two minutes after removal of the specimen from the wate]

11.2.2 For testing wet specimens while immersed, se
the specimens into the clamps of the tensile tester:d
submerge in the tank containing a 0.1 % aqueous solution;
nonionic wetting agent in distilled or deionized watets#
ambient temperature until thoroughly soaked. (See 8.3:1%
8.3.2.). Test_while the specimens are immersed in the:W.
bath. g

x*
i
3
-
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6—In general, it will be found that no one type of fiber mounting
be suitable for all types and sizes of fibers and experience may show
me mounting techniques are much more efficient than others.
“rience and operator preferences have been found to be of importance
isf y mounting hods for a given labora-

3 For specimens having crimp, use a pretension of 0.3 to
/tex (0.03 to 0.11 gf/d) to remove the crimp while the
placed in the clamps. If certain fibers with a high degree
np require greater pretensioning than the amount speci-
etermine the minimum pretension as directed in Appen-
X1 of Test Method D 1577. If, by visual examination, the
Timp is not completely removed even at these greater force
lications, record this fact.
4 Start the tensile testing machine and any associated
ary equipment, extending the fiber specimen to break at
ted extension speed and record the data of interest. For
low stiffness, it may be advisable to first back off the
jaw of the testing machine to allow the fiber to be slack
time the testing machine is started.
After breaking the specimen, return the testing ma-
o its starting condition and remove all remains of the
n specimen from the clamp faces. Pieces of broken fiber
ng in the jaws may adversely affect the ability of the
§'t0 properly™hold the succeeding specimens.
11.6 Test successive specimens as directed in 11.1-11.5 until
maining specimens have been broken. If the number of
specimens failing at the jaw-fiber interface exceeds 5 %
Ofithe number tested, repeat the test after adjusting the jaw
és and clamping mechanism as described in 11.6.1-11.6.3.
[6.1 Ifa specimen slips in the jaws, breaks at the edge or
jaws, or, if for any reason attributable to faulty machine
tion the result falls 20 % below the average of the
g force for the set of specimens, discard the result and
another specimen. Continue until the required number of
table breaks have been obtained.
2 The decision to discard the results of a break shall be
d on observation of the specimen during the test and upon
inherent variability of the fiber. It is difficult to determine
precise reason for certain specimens breaking near the edge
he jaws. If a jaw break is caused by-damage to the specimen
‘the jaws, then the results should be discarded. If, however,
[tis merely due to randomly distributed weak places, it is a
ffectly legitimate result. Refer to Practice E 178 for treat-
it of outlying data points. .
1.6.3 If a fiber manifests any slippage in the jaws or if
than 25 % of the specimens break at a point within 3 mm
.).of the edge of the jaw, then (7) the jaws may be padded,
e fiber may be coated under the jaw face area, or (3) the
ace of the jaw face may be modified. If any of the
cations listed above are used, state the method of
Odification in the report.
EL1.7 Obtain the elongation data by means of a suitable
X fOrding device, or computer, at the same time as the breaking
¢ is determined unless otherwise agreed upon, as provided
Iin an applicable.mnaterial specification.
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12. Calculation

12.1 Breaking Force—Record the breaking force of indi-
vidual specimens to three significant digits as read directly
from the tension testing machine expressed in cN (gf).

12.2 Breaking Tenacity—Calculate the breaking tenacity of
individual specimens to three significant digits, using Eq 1:

Y=F/D, (¢)]
where:
= breaking tenacity in mN/tex (gf/den),
F = breaking force in cN (gf), and
D; = linear density in tex (denier).

12.3 Effective Specimen Length—Calculate the effective
specimen length of individual specimens to three significant
digits, using Eq 2: (See Annex A2 and Figs. X1.1 and X1.2.)

L=L+AL, )
where:

. L, = effective specimen length, mm (in.),
L; = initial distance between clamps (gage length), mm
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) (in.), and
AL, = additional specimen length corresponding to the
clamp error as determined in A2.2, when réquired.
12.4 Elongation—From XY type recorders, calculate the
elongation at break, or other specified elongation, of individual
specimens to three significant digits using Eq 3:

€, = (AL X R, X 100)/(C, X L,) 3)
where:

€, = elongation percent, at the specified force,

AL = distance along the zero-stress axis from the point
corresponding to the point where the tangent line to
the initial straight-line section of the stress-strain
curve intersects the zero-stress axis, to a point
corresponding to the breaking stress, or other speci-
fied stress, mm (in.),

R, = testing speed rate, mm/min (in./min),

C, = recording chart speed, mm/min (in./min), and

s effective specimen length, mm (in.).

12.5 Initial Modulus—Locate the maximum slope and draw
a line tangent to the stress-strain curve between the tangent
point for this tangent line and the proportional elastic limit and
through the zero-stress axis. Measure the stress and the
corresponding elongation with respect to the stress axis.
Calculate initial modulus in cN/tex (gf/d) to three significant
digits, using Eq 4 (see Appendix X2 and Figs. X1.1 and X1.2):

1= S, (O]

where:

J; = initial modulus, cN/tex (gf/den),

S = determined stress on the drawn tangent line cN/tex
(gf/den), and

€ =

corresponding strain with respect to the drawn tangent
line and determined stress:

12.6 Chord Modulus—Determine the stress for a specified
elongation, such as 10 %, and label that point on the stress-
strain curve as P,. Likewise, label a second point, P, at a
specified elongation, such as 0 % elongation. Draw a straight
line through points P, and P, intersecting the zero-stress axis.
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Other elongation values may be used, for example, when
provided for in an applicable material specification. Calculate
chord modulus in cN/tex (gf/d) to three significant digits, using
Eq 5 (see Appendix X2 and Fig. X2.1):

Ty = Sle, ®)
where:
Jen = chord modulus between specified elongations, cN/tex
(gf/den),
§ = determined stress on the constructed line, cN/tex
(gf/den), and
€, = corresponding strain with respect to the constructed

line and determined stress.

12.7 Breaking Toughness—When using the stress-strain
curves, draw a line from the point of breaking force of each
specimen perpendicular to the extension axis. Measure the area
bounded by the curve, the perpendicular and the extension axis
by means of an integrator or a planimeter, or cut out the area of
the chart under the stress-strain curve, weigh it, and calculate
the area under the curve using the mass of the unit area.

12.7.1 When determining the breaking toughness of fibers
that exhibit slack caused by crimp or design, the area under the
stress-strain curve which precedes the initial modulus line
represents the work to remove this slack. Automatic area
measuring equipment may or may not include this area in
measuring breaking toughness, and therefore, such information
should be reported along with the value obtained for the
breaking toughness.

12.7.2 Calculate the breaking toughness to three significant
digits for each specimen when using XY-type recorders using
Eq 6 or when using automatic area measuring equipment using

Eq7:

T, = (A X Fg X R)(W, X C, X Dy X L)) (6)
T, = (I, X Ffy X R)(I, X Dy X L) @
where:
T, = breaking toughness, J/g (gf/den),
A, = area under the stress-strain curve, mm?,
Fy, = full scale force range, cN (gf),
R, = testing speed rate, mm/min (in./min),
W, = recording chart width, mm (in.),
C, = recording chart speed, mm/min (in./min),
D; = linear densny, dtex (denier),
L, = effective specimen length, mm (in.),
I, = integrator reading, and
I. = integrator constant, per minute, determined

as directed by the manufacturer.

12.8 Average Values—Calculate the average values for
breaking force, breaking tenacity, elongation at break, initial
modulus, chord modulus, tangent modulus, tensile stress at
specified elongation, and breaking toughness for each labora-
tory sampling unit and the lot.

12.9 Computer Generated Data—When data is automati-
cally computer generated, calculations are generally contained
in the associated software. In any event, it is recommended that
computer generated data be verified against known property
values, or by manual calibration.
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TABLE 4 Fiber Tensile Proponm Using a 25.4 mm (1 in,) ,,

= Properties, Limits Qrand Single- Within-
of Measure ANosiia Operator  Laboratory
and Materials %€ Component
Breaking Tenacity, giftex:
Acetate 1.38 0.08
Aramid 28.24 5.07
Nylon 463 0.28
Polyester 420 0.19 0.00
Initial Modulus gt/tex:
Acetate 35.82 264 297
Aramid 670.58 96.03 3553
Nylon 23.97 2.26 206
Polyester 77.31 7.88 6.62 ;
Elongation at Break, %
Acetate 30.45 263 084
Aramid 4.20 0.45 000,
Nylon 66.80 6.47 143
Polyester 5314 5.40 0.69 ' L%

‘Theswarerootsonhecompmemsofvaﬂamembelngmpoﬂed
the variability in the appropriate units of measure rather than as the 8¢
those units of measure.

Properties, Limits Grand Single- Within-
of Measure AVOri Operator Laboratory
and Materials o iponentComponent(
Breaking Tenacity, gt/tex
Acetate 1.25 0.07
Aramid 21.61 3.15
Nylon 422 0.25
Polyester 3.80 0.25
Initial Modulus gt/tex
Acetate 39.66 1.45
Aramid 839.86 69.20
Nylon 25.04 1.75
Polyester 95.09 442
Elongation at Break, %
Acetate 25.15 297
Aramid 255 023
Nylon 52.54 5.34
Polyester 38.30 4.97

‘memmudmwmmenmofvadmoembelngnpomdp
Mvaﬂabmtyhmoappropdmummmsuumtmrmum i
those units of measure. i <

12.10 If requested, also calculate the standard de
the coefficient of variation, or both, for the pmperg
interest.

13. Report
13.1 State that the specimens were tested as dire

ASTM Test Method D 3822, Describe the material or,p
sampled and the method of sampling used.

13.2 Report the following information for both, Lh
tory sampling units and the lot average as apphcab
material specification or contract order.

13.2.1 Average breaking force.

13.2.2 Average breaking tenacity or tenacity at a
elongation.

13.2.3 Average elongation at break or other speclﬁed

13.2.4 Average initial modulus. s

13.2.5 Average chord modulus and the two elongatm SIS

¥ o

in the calculation. (aER

rt:




13:2.6 Average tangent modulus and the point on the
s-strain curve at which it was calculated.

3.2.7 Tensile stress and the specified elongation.

3.2.8 Breaking toughness, and whether or not the work-to-
e crimp is mcluded in the value

[3.2.10 Effective specimen length when applicable.

2.11 Testing temperature and percent relative humidity if
t was performed on specimens conditioned at other than
tandard conditions for testing textiles.

13.2.12 For wet specimens, whether specimens were tested
air, or while immersed, and the temperature of the water.
2.13 If requested, include a force-elongation curve, with
axis-units and speed indicated, as part of the report.
2.14 Number of specimens tested.

15 Pretension applied, if any.

16 Make and model of tensile testing machine.

.17 Type of clamps used.

18_ Type of padding used in jaws, technique for tabbing
imens gripped in the jaws, or modification of jaw faces

19 Nominal gage length, clamp error, rate of specimen
fision and full scale force range used for testing.

20 For computer derived data, identify how slope and
g points were determined and identify the program
are) used. 5

i Precision and Bias °

Interlaboratory Test Data—An interlaboratory test was
1 1981 in which randomly-drawn samples of four mate-

Research Report No. RR: D13-1088. A copy is available from ASTM

1.1 Due to the mhercnt nature of some fibers, a means is
ired to protect or cushion the ends of the fiber that lay in
lamp to minimize clamp breaks. The procedure described
has been used successfully to minimize the occurrence
breaks.

Summary of Tabbing Technique

1 A single fiber is secured to a cardboard substrate by
f an epoxy resin. This assembly is placed centrally in
ps of a tensile tester. Cardboard material is removed
e assembly in the gage area without making contact

3.1 Poster Board, or equivalent.

4l o 382207

rials were tested in each of six laboratories. Two operators in
each laboratory each tested ten specimens of each material
using both a 10-in. gage length and a 1-in. gage length. The
components of variance for tenacity, initial modulus and
elongation at break expressed as standard deviations were
calculated to be the values listed in Table 4 for gage lengths of
1 in. and Table 5 for gage lengths of 10 in. The four classes of
fibers were: 4.2 denier low tenacity acetate; 3.0 denier medium
tenacity, low modulus nylon; 5.0 denier medium tenacity, high
modulus polyester; and 1.5 denier high tenacity, high modulus
aramid.

14.2 Precision—For the components of variance reported in
Tables 4 and 5, 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 Tables 1 and 2, respectively.

Note 7—The tabulated values of the critical differences should be
consideréd 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 each comparison being based on recent
data obtained on specimens taken from a lot of material to the type being
evaluated so as to be as nearly homogeneous as possible and then
randomly assigned in equal numbers to each of the laboratories.

14.3 Bias—The values of the tenacity, initial modulus, and
elongation at break can only be defined in terms of a specific
test method. Within this limitation, the procedures in Test
Method D 3822 for measuring these properties has no known
bias.

15. Keywords
15.1 tension (tensile) properties/tests; textile fiber

_ANNEXES
(Mandatory Information)

Al. TABBING TECHNIQUE FOR FIBER

A13.1.1 The colors of the board and cardboard (A1.3.2)
should contrast and be different from the color of the fiber for
ease of viewing.

A1.3.2 Sub 65 Grade Cardboard, or equivalent.
Al13.1.1)

A1.3.3 Paper Cutter.

A1.3.4 Steel Rule, 0.25 mm (0.01 in.) graduations.

A1.3.5 Cutting Die, 14 £ 025 mm (0.55 = 0.01 in)
diameter.

Al.3.6 Bonding Resin (See Al.1).

Note Al.1—A mixture by weight of 60 parts Ciba Geigy 6004 Epoxy
Resin® and 40 parts General Mills Versimid 125 polyamide resin® has
been found suitable for this purpose. Other mixtures can be used providing
specimen damage does not occur or that specimens do not break or slip at
the jaw faces.

A1.3.7 Tweezers.

-—

(See

871
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A1.3.8 Surgical Shears, or alternately, a needle nose solder

gun.
A1.3.9 Lighted Magnifying Glass Stand, at least 8X power
to aid in positioning specimens while tabbing. ~

Al.4 Specimen Preparation

A1.4.1 Using the paper cutter, prepare a sufficient number
of cardboard squares having dimensions of 25 mm by 25 mm
(1 in. by 1 in.).

Al14.1.1 Die cut 14 mm (0.55 in.) diameter holes approxi-
mately in the center of the 25 mm by 25 mm (1 in. by 1 in.)
cardboard squares.

A1.4.2 Place a piece of poster board on a flat table or bench
top. (This is used as background material for convenience in
viewing the specimens during preparation.)

Al143 Prepare a sufficient amount of bonding resin to
accommodate the number of specimens that are to be prepared.

Al.4.4 Separate and place the required number of die cut
cardboard squares on the poster board, in turn, under the
lighted magnifying glass. This magnification provides for ease
of viewing the fiber during resin mounting to the cardboard
square.

A2. EFFECTIVE SPECIMEN LENGTH

A2.1 The effective specimen length can be determined by
adding the initial length between the clamp faces (nominal
gage length) and adding the length contributed by the clamp
error (see Fig. A2.1).

A2.1.1 The fiber clamps used in tensile testing can affect the
apparent fiber properties observed. The customary method of
determining specimen elongation, by measuring clamp separa-
tion, that the stresses applied to the specimen during
the test are confined by the clamps to the original specimen
length. Most fiber clamps do not completely confine the
stresses, and therefore, an erroneously high elongation may be
indicated as the result of being based on a nominal gage length
which is shorter than the effective gage length.

A2.1.2 Clamp errors may occur in nondestructive testing,
such as tests for elastic performance, modulus, etc., as well as
in destructive testing. In all cases, the procedure for estimation
of effective gage length should employ stresses comparable to
those experienced in the corresponding tensile testing.

12
1.1
1.0 B
0.9
08
0.7
0.6 '
05 x
0.4
03
02

0.1 /

L T T T T

X 2 04 0.6
02 -JJ L 0.1 02 0.3 0.5 0.7
c

D 1/Nominal Gage Length
Example of Plot to Determine Clamp Error

Elongation, in./in,

o8 | 10
09

FIG. A2.1

Al.4.5 Apply a small amount of bonding resin centy
each of the required die-cut squares at two opposite loc
beginning at the inside edge and extending outward to
edge. Apply the resin such that it is on an imagj
parallel with one of the other two edges but not on the a‘
edges.

A1.4.6 Using tweezers without grasping the fibe
gage area, position the fiber across the areas of resin
cardboard square. Do this for all specimens. Do not
segment of the fiber within the gage length at any um:i
the specimen preparation. [e

A1.4.7 Allow the resin to cure 12 to 16 h in a protecte

A1.4.8 Using the paper cutter, carefully trim the outé;
of the cardboard parallel to the fiber until appmx:matels&
(0.05 in.) of cardboard remains on each side of the fiber:

A1.49 The specimen preparation is completed
specimen is centrally placed in the clamps of the te
At this time, the 1 mm (0.05 in.) width of cardboard i
at both sides of the fiber by means of either su:glcal
solder gun without touching the fiber.

A2.1.3 The magnitude of the error determined for
clamping system may varying according to the surfa
acteristics, linear density, test environment, breaking foi
extensibility of the material. Accordingly, changes m
these factors will require a re-evaluation of the error.

A2:2 Determine the clamp error as follows:

A2.2.1 Mount the fibers in the clamps in the normalm
using a pretension of 10 to 50 cN/tex (0.01 to 0.05 gf/d).
Note A2.1.) -

Note A2.1—The use of a pretension eliminates slack in the 1
specimen. Any slack would be erroneously computed as clamp
the testing procedure.

A22.2 Mark the recorder chart to locate the crossheadiin
reference to chart position (Note A2.2).

Note A2.2—The marking of the crosshead position in reference
chart position allows observance of any slack caused by the extrisiol
the fiber specimen from the clamp during tightening of the clar

A2.2.3 Break the representative groups of fibers at thr
more different nominal gage lengths (Note A2.3). Mainta
same rate of extension at each gage length.

Note A2.3—Limits within which the gage lengths are
dictated by the accuracy with which the shortest gage length
determined, and in the case of a destructive test, the maximuiii
speamen which will not be affected by flaw distribution. The
is of importance when, by increasing the gage length, the p
including a major flaw (causing premature fiber failure) in the
is increased. Flaw inclusion may be suspected when the average;eil
tion does not increase proportionately with increase in gage lel
will be indicated when the straight line plot (Fig. A2.1) curves
abscissa at longer gage lengths.

A2.2.4 Break ten specimens in each representative’
fibers. If the variation in average breaking tenacity amon
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2

ined at different gage lengths is greater than * 3 percent,
additional specimens until the variation in average

Poparent elongation versus the nominal gage length (for
#ample see Fig. A2.1). Draw a straight line (Note Note A2.4)
hrough the plotted points to the nominal gage length axis,
t C, and extrapolate to zero elongation (BC, Fig. A2.1).

5. This intersection point B is the zero extension point from
ch strain is measured. =

L _—r

7 )
7z ",

v

At 1
T
s '
g A &
A X -
w 3 s 1
o - -
= = :
L

-

A :
G v
L}
4 ]

L AT

AB E

: STRAIN
-8 FIG. X1.1  Example of Material with Hookean Region

X2.1 In a typical stress-strain curve (Fig. X2.1), a straight
constructed through the zero-stress axis, such as zero
n point A” and a second point, such as 10 % strain, point
*The intersection point A” is the zero strain point from
#h the specimen strain is measured.

1.1 The chord modulus may be calculated by dividing
ess at any point along line A"M" (or its extension) by the
jbccimen stress at the same point (measured from point A",
4 ned as zero strain).

4y D 382207

nominal gage length, along the gage length axis (CD), repre-
sents the average clamp error.

Note A2.4—The preferred procedure for drawing the line is by means
of the least squares method, although in many cases visual inspection is
adequate.

A2.3 Calculate the Effective Gage Length as follows:

Effective Gage Length = (A2.1)
(clamp error length + nominal gage length)

APPENDIXES
(Nonmandatory Information)

X1. INITIAL MODULUS

X1.2 In the case of a fiber that does not exhibit any linear

‘region (Fig. X1.2), a tangent K'B’ is constructed to the
. maximum slope and its extension intersecting the zero-stress
~‘axis at point B'. This intersection point B’ is the zero point

the stress at any point along the line BD (or its extension) by
the strain at the same point (measured from point B, defined as

873

from which strain is measured. Point C’, the point where line
K'B’ first touches the stress-strain curve, is the tangent point.

X1.2.1 The initial modulus may be determined by dividing
the stress at any point along line B’K’ (or its extension) by the

strain at the same point (measured from point B’, defined as
zero-strain).

STRESS

Mlocecrcc el cemee e

A B
STRAIN
FIG. X1.2 Example of Material with No Hookean Region

X2. CHORD MODULUS

X2.1.2 Fig. X2.1 also represents a straight line constructed
through any two specified points, point Q" and point R”, other
than zero and 10 % strain. In this case, the line extends through
the zero stress axis at point B”. This intersection is the zero
strain point from which specimen strain is measured. The
chord modulus can be determined by dividing the stress at any
point along the Q"R” (or its extension) by the specimen strain
at the same point (measured from point B”, defined as zero
strain).

-
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ASTM International takes no position respecting the validity of 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 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 responsibl hnical ittee and must be reviewed every five years and ;
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

! &

This dard is copyrighted by ASTM Ir ional, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Bambro ey

PROUVD CREATOR OF BRINGING BAMBOO WNTO TEXTRLE

F01-15B, Feng Lin Lv Zhou, Datun Road, ChaoYang District, Beijing, P.R China
Http:// www.bambrotex.com TEL: 86-10-64867890 FAX: 86-10-64844812

Testing condition: Temperature : 20°C Relative humidity: 66%
Item Reference data
Dry tensile strength (CN/tex) 2.30
Wet tensile strength (CN/tex) 1.29
Dry elongation at break (%) ‘ 229
Linear density percentage of deviation (%) -2.99
Percentage of length deviation (%) +34
Over length stap!e fiber (9’9) 0.3
Over cut ﬁber(mgHOOQ) 4.0
Residual sulfur(ma/1 O_Og) 125
Defect{mg/100g) ‘ 4.6
Qil-stained fiber(mg/100g) ' 0
Coefficient of dry tenacity variation (CV)(%) ' 15.32
Whitengss (%) _ 72.0
Qil content (%) : 0.24
Moisture regain (%) _ _ 11.60
date | 15" Qct. 2006

i Al mnasgiuveadume 6 [12]
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PN WV o o A A ) & o
4. danlonldidasasmnaluiansnidwlodnasalila

PUNAUBILFULE AN

U7 9 LaTa9EAAIN

3. NM371ANEZa1A (Scouring)
NITUIWNIYINAINEZDTA (Scouring) L TUTI NS,

qmﬁqﬁuﬂ:nmﬂ”ﬂﬁ

Gl 1 nINANT
lzdeuluasuaiua (NayCos) 1 NIN/AAT
s13LANANI (Softener) 3%

3U7 13 dulolallinlanasinuniasanle
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3.4 NMINAFAUANTAYILERTENRAIIINNTHANLEW LY 4. WANIINARDY
1. Mmsnagaunamunwrandulonaziauuiazedds 4.1 anniTnadavantan1snianwaaslale
L2 L3 e v v { ) & o
ladhandasaansaend lagldndanansseiifaglasissamaluninndaniu
2213 (Cross Section) AL ANAAAINHNY (Long Section)
& i e ~ o ' oo
vaude ldldFgnwudndulodnmimanudungy Sanwm:
o ' o A o o A v
asonguvaddulelny Samansauonandwdulodoald

Eﬂ‘ﬁl 14 19589 Scanning Electron Microscope (SEM)

2. mMImeenuazilduauaddnly (Fiber fitness) Uas

enanuudsusavadigule (Fiber Strength) lasldindasnamay

Tenacity & Elongation Machine

3U11 17 Mwdag e (Long Section)

4.2 INMINARBIRNLEWY
3U7 15 1A384 Tenacity & Elongation Machine dronsaulllinulmdon laasanlod (NaoH) 1w

Saman 1:3 198171 90wl lasldanudnduuszgunn
3. MTIaANNRUILLU e aLFulY (Density)  laswidn Al enaaait

T o 4 o ¥ A
mmumuuuauwnf’uaamu‘lu Walflgunuiif 4 a9dn

el A1T97 1 UFPINANIIRNFIBAMATHTU 5%
4. MINAFOUAMNLIVBILEWLY (Fiber length  test) QMDA anumzud
meomyiadsdalasvinmammndusmaiuwudswaadnla 100 C Wurianudsnaniwiaa
I duuruAsuL g %adwayjuuu&iuﬁmmﬁﬁﬁw ECHETIE ) 120 C Wurauudsnsaniniga
louuukunanaanlaldinfoanss mniuiaanugdule 150 C Wuvawiuidniiay
suliuswamanidanuaztsadudaiuas
5. miwmaaummmmsn‘l,umsgwﬁumm"fu MMT a7 2 WERINANIITNSTIBAAITNTY 10%
6. MInageuANUMENIDluMIdwMasydule vas qmugﬁﬁ’h}’ anwmweuadlaili
wuAfiisy 100 C ilwriawi
120 C usndduldudauu
150 C Lﬂamjmﬂmé’u‘lwmmﬁﬂ
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ANTHN 3 WFAIHANIANTILANUTUTY 15% 4.5 INMFINAMNRWILLBBAILAW LY (Density)
adq ¥ o i . D e o ¢ o oA
gnpinly anuvazaaslailu Tasvdanunmuduaunnivasduwleladlyd daanw

o N ' o ' 6 a

100 C Wongoiwdulamwaiin WL 1.38 nINdagnuALIUGLNAT

120 C Lflmtjmﬂmﬁu‘lﬂmmmﬁn

150 ¢ Hesgotwmaulormeisn 4.6 IINNINATDUAMNLIVAILEWLY (Fiber length test)

9

druniTiasisialaainuaiivennduloaiy 85.2
4.3 nnsnadaunismaninzasidwleladlunuanla HaaLas
' ) o ed 9 o A .

Imﬂaaamﬂnaaoqamsﬂwnﬂmﬂsao Scanning Electron .
' = -~
Microscope (SEM) iulddndulofiuonldfiansuzidungy 47 annnsnagauanumansalunisgadaanuiinuas
U 1}
wWuloauwraidnimizaanwduuns vurevasdulodunia wdwlelala
/328104 200 um Moisture regain (%) = 11.60

4.8 Wan1INAFaUANNAINITD WM IAIIMNITIIALAYTR
yosuuaiSonaulylsile

> A a aa Ve
ﬁ’l&l'ﬁﬂ@]']‘l«luﬂ’]iLﬁ]imuL@]‘].IIWlladLL‘]JﬂYlLSF_IVL@W]

5. naassuidwiduans
dudulgldlhnldnmasasdmdmduaislagsinld sy

o v aa v ad o v . . .
AuduloazasanduATMIUnABULLIIUAIB(RING Spinning)

gﬂﬁ 19 MWAAAINEILEULE (Long Section)

4.4 IINNITRIAAMNALLD YA ILEW LY

(Fiber fitness) uazdtaMuundanssvadduly  (Fiber
Strength ) lagldin3asmagay Tenacity & Elongation Machine
Ienansnaseusait

A397 4.mamInasausdnwbe il

mMInasay v e laile
1. auEN(HaRLNGT) 87.40 B
2. auasLBua(Denier) 421 U7 21 duene i linauazaian 50:50
3. AURENIB(CN/Ci) 0.4/0.4
4. mstiadanauwana 3.13 aa
) 6. #3duani3vy

(Elongation%) * . . . e - .
5 el 36 nnmsueniFulodamsdulallinulodsnlaasanlsd

(Tenacity (g/den)) (NaOH) ludamaan 1:3 1nafild 90w laslFanuitudu

{ A o v A A
10% Ngmannl120°c a’mnsm,l,s_lﬂl,au‘l,f_l"lﬂﬁﬁq@ $IFWTD
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