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'éuﬁﬁAéY
The tensile stress-Straiﬁ-characteristics of yarng:are: very useful
physical properties.. However, the;stress-strain prapertieg;depeqd greatly
not only on the.:inherent properties of the materials butxalso;on?the L
measuring: conditions and .methods, such as extension speed, sample:length
and so on.. -In addition to these variables, yarns themselves  are not:
uniform,{and the-tensile strengths along the length of the yarn are
variable. . . - - -

In. 1926, Peircé proposed the weakest 1link theory -to-explain..the
distribution of strength variance, and to estimate the.strength at
multiple lengths of the original length..- It has been found;, however,:
that Peirce's theory deviates from:the experimental data.: . - -

As the preliminary experiment of this thesis, the effect of sﬁmple
length; rate of testing; and breaking time on the breaking strength and
elongation wae determined. by using nylon.and polyester filament yarng :
and aerylic and cotton.spun.yarnsw.‘Thearelationships between\parameterarm
of tensile properties-were made; explained, and compared with results of
HEredifh and oehers.'.-

Several -thousand tensile tests were made:.on'mylon filament and
acrylic spun: yarms in various;lengths, and the distributions of tﬁeir
breaking strengths and elongations were calculated. - -Evaluation :of the.
test results indicated that the decrease in strength with increasing
sample length agreed gemerally with Peifce!s results. .. . ...

-L;':.It was found that the longer the sample length; :the lower became




-

~and elongation are prescribed in ASTM,

CHAPTER I
INTRODUCTION

Statement qf.tge_Problem

The stress-strain characteristics of yarns, comparatively speaking,
can be measured easily; therefore, these characteristics have been
regarded as the most useful physical properties for controlling the
quality and appraising the merits of yarns.

.. But the.étréss-strain propertieé“depend gre;tly not only on
inherent properties of the materials but also on the measuring methods
and conditions; for exaﬁple,,types_of testing machines, the specimen.
length, the humidity and temperature, and so on.

~ On the other hand, some test me thods to determine .yarn strength
1’2’3’4? BS,5’6 JIS,?-etcu, and
the measurement values by thpse methods are prescribed as inherent ones
whoge regults aré calculated as the average of & number of specimens on
the nominal gage length.

However, supposing these observed values do not arise from a
symmetrical distribution, there should be some differences Between the
arithmetic mean, median and mode., Further, this variability is considered
to be affected by the specimen length of varns, too. 'The increase of the
specimen length, .in .general, is considered to decrease its average tensile
strength, that is, the average strength of a long specimen is lower than
that of a short specimgn.__nut it is observed,-in reality, that some long

specimens are often stronger than short cnes, since the specimens have




On the other hand, George (2) presented, in 1951, stress-strain
curves for a nylon monofilament, extended at constant "true" rates of

extension, e, which are given by

e = (L /L) (dL/dt) [21

where Lo is the initial length and L is the length at time c.
By using this term, he was concerned with the macro=-and microscopic
evidence for the existence of structural domains within filaments.
Peirece (3) proposed the weakest link theory in 1926: that the
strength of a test gpecimen 1s that of its weakest element of length,
and the tensile strength decreases with the length of specimen in a way
which is definitely calculatedlfrom the distribution of strength of a
short specimen f.
He concluded successfully that the decrease in mean strength and

in irregularity is directly proportional to the irregularity of the

short specimens and to a factor, depending only on the multiple by which

the length is increased and very simply calculated therefrom,
As shown in Figure 1, the distribution of the original short

specimen strength (n=l1) is assumed to be Gaussian. The mean of the

- distribution for various-sized specimens (n=2,3,10,100) is indicated

by a vertical line in each case, which is calculated from the normal

distribution at n=l.

Morton and Hearle (4) described Peirce's theory in their book

Physical Properties of Textile Fibers,




FREQUENCY

STRENGTH

Figure 1. Frequency Curves of Strength for
Multiple Length (after Peirce)

Let £p(x) ' dx be the probability that the strength
of a specimen of length f should lie between x and (x+dx).
The function fy(x) gives the distributions of breaking
loads. It is aszsumed that this function does not vary
significantly from one part of the batch of specimens
to another, From the valueg of the digtribution fp(x},
one can work out the mean value, , and the standard
deviation,cy , by the usual methogz.

We now wish to find the distribution of breaking loads
for specimens of length nf, that is, the probability,
faf(x)+ dx, that the strength of a specimen of length of
lies between x and (x + dx). The condition for this to
occur is that the weakest of the n portions of length f of
wﬁich the complete specimen of length nf is made up should
have a strength lying between x and (x + dx). In other
words, any one of the n portions must have a strength
greater than x. :

But the probability that any one of n lengths { has
a strength between x and (x + dx) is nff(x)dx.

The probability that the strength of a length f sﬁall

be greater than x isf £p (x)dx;

X




and so the probability that all (n~1) lengths shall have
a strength greater than x is

[_/m"”f.IJ x)dx]®D

The probability that the strength of specimen of
length nf 1lies between x and (x + dx) will therefore be
given by the product of these two terms. That is:

£y O =nfp (o [ /x' °°f£ (x)dx] @D I3

Using this relation, the frequency distribution can

be worked out for any length of specimen., The relation
is valid whether n is less than or greater than unity."

Figure 2 shows an example cf the application of this formula

120

to cotton yarns. o
: - Al

180

1] S

FREQUENCY

240 £80 320 - 360

20 160 200
BREAKING STRENGTH (9)

Figure 2. Application of Peirce's Theory to Cotton Yarn.
2 are experimental curves for test=-lengths of 9 in, and 27
respectively; curve 3 is the calculated curve for 27 in,

test~lengths from the data in curve 1,)

{Curves 1 ar



Table 1. The Strength of Multiple Lengths (after Peirce)

Specimen A0 - ynf wAlyog -1
Length n - - 3\5(1 " 5) ﬁ n o
f 0 0 1 1
2f : 564 . .549 .82 .87
3 .846 .836 74 .80
4f 1.027 1.028 .70 .76

5¢ 1,160 1.169 .66 .72 -
10¢ 1.541 1.570 .58 .63
30f 2,051 2.096 49 .51
40f 2.164 2.220 .48 .48
80f . 2.432 2.478 A 42
100f 2.503 2.560 42 40
160f 2.673 2,701 .4l .36
2750 2.857 2.859 .39 .33
1000f 3.253 3.182 .35 .25

R | I S
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For further mathematical development, it is necessany to assume &

form for the function ff(x). It is gimplest to assume a normal disg-

tribution.

. 2 2
1 -(K‘LLP) fZCFf [
e . RN 4]
J 2w C’!

ff(x) =

This relation can be substituted in equation [3], and the new
distribution is then defined. Figure 1 shows an example of this. It
will be noticed that, even though we start with a symmetrical ﬁormal
di;tribution, the derived distribution at other lengths is shkew.

The distribution fnf(x) is thus known in terms of g » q? and n.
Analysing this expression, and making some mathematical approximaiions,
Peirce obtained equations giving the mean strength, Enf’ and standaxd

deviation, o Jfor specimens of length nf. The relations are:

. lg :
pf - 'J'nf = 3@?-2-'_ (1-n-5) % © wees. 151
1 . . o
anlcf = n-5 .;;.;1[6]

Table 1 aﬁows the values obtained using these approximations
with his theoretical results.
Thus, Peirce's theory is a useful approximation. But this
theory makes the assumptiéns that the distribution of strength is

independent of the part of the sample considered, and that the frequency

distribution of strength of the original short specimen is normal.
Usually Peirce's relation gives deviations between approximate and

experimental results. These approximate values also dépend on ‘the

#

it



size of the'drigingl short specimen.

In 1965, Nakashima and Ota (5) wrote their article, "Depenﬁen@e
of étrength of Specimen on its Length", to explain the length effect
on étrength;witﬁ the theory based on a return prabability and the dis-
tribution of specimen length zero.

The following equation was given to estimate the strength distri-
bution for a given specimen length £, |

£, 0/ €M) p

1-F1;'(lx) = [1-F (x)Jexpl - = - —_1 eene 7]
s | 1-F (x)  2X° |

where fp(x) and Fo(k) are the distribution functions for length f and
zero, respectively, ff(x) is the probab;lity density fpnction for
specimen length f. fo(x) an§ fo(Mb) are the probability density.
functions at strengths x and Mﬁ (median of strength), respectively,

for specimen length zero. A 1is the mean return interval of_Mb.

I
1
}
§
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~ CHAPTER II

PRELIMINARY EXPERIMENT

| Definition of Terms and Their Relation

V: Extension speed (inch - min’l) E

L: - Sample Length (1nch)

F: Breaking Strength (1b)

e Breaking Extension (1nch)':__._

. e: Breaking Elongation (%)

A: Elongation Speed (mﬂn‘l)

t: Breaking Time (sec)

A=/ ee.. [8]
Ie - 100f/1. : o (9]
t = 60(f/V) = 60(eL/100/AL) = (60/100) (e/A) ee.. (101

Effect of Sample Length

Effect of Sample Length on;grgakigg_Strenggg
In general, it has been showvn that the mean measured strength of

a specimeh decreases as the sample length 1s increased. This fact is

well known as the "yeak-link" effect, ‘Suppose that the ydrp stiength

at every point along the length is like Figure 3. 1If the sample lengths

_are AB, BC, CD, and DE, the measured strengths shaﬁld be 2,3,1, and 4,

respectively, which are the weakest places in each sample length, and the

e




10

mean strength is the average of 2,3,1, and 4. But if the sample 1s tested
at twice the length, AC and CE, each will break at its own weakest place,
2 and 1, and the mean strength.is the average of 2 and 1. Further if the

sample is tested at length KE, the strength must be 1,

Strength

1
{
1
)
'
!
1
|
|
)
1

Ml e e e T

C

Sample  Length L

Figure 3. Weak«link Effect

In this way, the mean strength decreases with.the increase of
sample length.

Tables 3 to 6 and Figure 5 show the practical data obtaiﬁed in
- this preliminary experiment. As shown in Figure 5, the breaking strength
F of every sample, nylon and polyester filament yarns, and acrylic and
cotton spun yarns, decreased with the increase of sample length at every
extengion speed, 5, 10, 12, and 20 inches per minute. The rates of
strength decrease, for example, are 0.06 1b. and 0.16 1b. with an

increase in sample length from five inches to 20 inches for nylonm and

L I D
Y - . i L DU
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acrylic, respectively.

It can be seen that each sample has a different rate of strength

decrease with an increase in sample length.

Effect of Sample length on Breaking Flongation

Breaking elongation e, in general, decreases with an increase in

sample length L. Suppbse f 1s the measured breaking extension for a

tenslle test of sample length L.

In Figure 4, suppose P1P +QQ = Al

L Ay = '
+ 4L L1 )

where L1 is the true sample length.

Thus, the true breaking elongation e

L 18
o o 1007
B
Iy
_loo f
L + AL
_loof 1
L 1 + ( AL/L)
1
= e . -
1+ ( AL/L)
That is, e = e (1+A4L/L) ceees [11]

Therefore, the value of the measured breaking elongation e becomes

greater than that of the true breaking elongatione1 with a decrease in

sample length L, that is, the bfeaking elongation e decreases with an

increase in sample length L,

e i T
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Clamp : Clamp
P, P Yarn- . . Q .
SEEE— [ ELE L &L . r.--- -dl_

—#—— Sample Length L -=——=

-}———- Trye Sample Length L, =i

Figure 4. The True Sample Length
Tables 3 to 6 and. Figure 6 show the practical data obtained in
this preliminary experiment. As shown in.Figure 6, the breaking elonga~
tion, e, of every sample tended_ to decrease with increase in sample
length L at every extension speed, following a hyperbolic curve. The

rates of decrease of polyester and nylon filament yarns are greater than

those of cotton and acrylic spun yarns. These two points can be explained -

by using equation [11]. 1In equation [11], e varies inversely as L against
the constant e and AL. Therefore, the relation between e and L should
be a hyperbola, and the different rates of decrease occurred probably

because QL of the filament yarns was greater than that of the gpun yarns.

Effect of Extension Speed
Expe}imental data are given in Tables 3 to 6 ﬁnd Figures 7 and 8,
Breaking Strength Fli_s.shmm in Figure 7, wi_th increase of the Extension
Speed V. An increase in the extension.speed V cauges, shoun in equation

[10], decrease in the Breaking Time t. The effect of extension speed,
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therefore, is mentioned later as the effect of breaking time.
Regarding the effect of Extension Speed V on the Breaking Elonga-
tion e, the breaking elongation may be, as shown in Figure 8, indepen-

dent of the extension speed, as an approximationm,

Effect of'BgeakiEg'TimeA

As shown in the equation [10], the Breaking Time, t, is concerned

with the BreakiﬂgIExtension f and the Extension Speed, V. _Tﬁe Breaking
" Time, t, therefore, can be one of the main parameters affecting the
'.mechanicﬁl properties of yarns. Experimental data of the Breaking
-.Strength, F, shown iﬁ Figure 92, were piotted'against #llog scale of ﬁhe

" Breaking Time, t. The Breaking Strength, F, decreased 11near1y with the

increase of Breaking Time, t, on a log scale.

To compare these experimental data with the results by Meredith,
only nylon filament data were calculated by using the formula (11
obtained by Meredith, as showm Iin Table 7 and Figure 10. The straight
line in Figure 10 is the Meredith result, which was obtained by using
the value =0,080 for the strength-time coefficient k for a nylon filament.
The experimental data fitted wéll with Meredith's results, althéugh his
formula -was obtained by the rate of loading and these experimental data
were obtained by the rate of gxteﬁéion..

Thus, the formula of Mbredith can be appiied to different.types
of testsa, and these results éan be easgily compared by calculating_gn

equivalent breaking time.




14

CHAPTER III
PROCEDURE

After the preliminary experiment, it was decided that nylon fila-
ment and aﬁrylic gpun yarns would be used in the main experiment as
followé: 6} nylon continuous filament yarn (140 denier) (2) acrylic
spun yarn (Orlon fiber, 20.count).

The.tensile testing machine used was the Instron Tester in which
the rate of increase of specimen length was uniform with time. .

As shown in Table 2, 2,200 stress-strain curves of tensile tests
were made with the two different materials and nine different sample
lengths #t a constant rate of extension of 10 inches/min. ASTM Standard
D2256-6% was followed for.all tests except for the sample length, number

‘of tests, and rate of extension. A H-P 9100A desk type computer was
used to compute the data and to calculate the distribution of strength
and elongﬁtion, including the mean and the standard deviation,

"Uster' evenness and spectrograph testers were used to determine

yvarn thickness variation,

RPN W



Table 2, Experimental Procedure

15

Material Sample Length " Number of Rate of Extension
(in.) test specimens (in./min)
Nylon 5 100 10
Continuous 10 100 10
Filament 15 100 10
(140 denier) 20 100 10
Acrylic 3 . , 200 10
Spun 5 .- 200 10
(Orlon, 20's) 7.5 200 10
' 10 o 200 10
12.5 ' 200, 10 .
15 200 .10
17.5 200 10
20 200 10
10

22.5 200




o

o

16

CHAPTER IV
' DISCUSSION OF RESULTS
o owee o 8trength Distribution
Experimental Strength Distribution.
‘=”L5$heh§requgncigs from_:p%.tegtgfqn qac@ﬂg;gggfpf 200 specimens

at nine -different sample lengthé,-3 ini to 22:5.in,, of-acrylic.spun

yarn -are .shown.in Table .8 with the.class:interval of .0.01 -'p_oqnd-.,:_i-a'nd o

alsc the frequencies from the test:on each groupunf;IOO-speeimﬂns at
four different sample -lengths, 5 ing-gonzo-ina;'of-nylonuﬁilament

a

yarn are shown in Table 9. .-The 'frequency curves of dnlyfthrqe.--

Sample Lengths L, 5, .10, and.20 in., are shown in Figure .ll as examples. .

Tables 10 and :11 show the obgerved cumulative frequencies of
acrylic}spun\and.nylon\filamantuyarns,:respectively, .These ‘frequency
curves are shown in Figure 12,

Mean Strength . u. and Standard Deviaticon .c . -

.. Experimental values of Mean Stremgth M and Standard Deviation @
for atrepgth‘distributiqn'atﬂeach,sample.Iength-are-liste& in Table:12.
The mean breaking strengths obtained :n the .experiment, shown in
Figure 13, decreagsed with an increase of sample length. The mean break=
ing 'strength of sample length.5 inches for nylon filament yarn, for
example, was 1;82 pounds ‘and that of 20 inches was.'1.72 pounds.. That:-

18, the decrease in strength was nearly 6 percent with .a ‘four times -

increase in sample length. The: rate of decrease .was not linear. The ;. .
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same mean'breaking strength values were.plotted on a 1oghscale:cfzz._
] sample 1ength in Figure 14 and now the rate of decrease gave a |
istraight 1line plot. _Thia reasOn is discusaed-later. |

" The standard deviaticns.obtained in the experiment, ahowu in

Figure 15, decreased non~linearly with increaae of aample length

although the standard deviatiqns for nylen filament yarn were remarkably

smaller than thoae_for-acrylic apun yern. o _

.-_Cgmgariscn of Experimental Da;a.with-Peirce's'Theogz
' The data for 5 in, sample length were taken as the original
;alength to compare the obtained expenimental data, liated in Tahle 12
with Peirce s theory, listed in Table 1. The resulta are ahcwn in
Figure 16, Both resulta for nylcn filament and acrylic spun yarna were
observed to be quite different from Peirce's theory,_that is, one of
them was higher and another was lower than Peirce 8 thecry.

The rate of strength decrease for nylon filament yarn, whose -

_standard deviations were observed to be remarkably smaller than thoae tor_-'

acrylic spun yarn, was greater than that for Peirce's theory and acrylic -

. spum, whose rate of decrease was amaller than that for Peirce 8 theory. :
endi upon the Ori nal Length - | ”
_ chever, it seemed that these results were due to the fact that
"the 5 in, sample length was taken as the original lengqh. h

_Table 13 and Figure 17 were made to confirm‘whether or not the.
strength of multiple lengths depended upon the original length.

As ghown in Figure l? " the curve for the shorter criginal length

of nylon filament yarn approached more. closely to Peirce's theory., A

curve for an original length shorter than 5 in. can be expected to agree.'
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with Peirce's theory.

Regarding acryl%g;spun yarn, thé cu:ge:aﬁproached closer to Peirce's
theory as the original length changed from 5 in. to 10 in. The cprvé for |
15 in. original length was exactly on the curve for Peirce'g theory, #nd
then the curve geparated from Peirce's theory as the original length.
changed from 15 in. to 20 in,

Therefore, it was made clear that the strength of multiple léngths
by Peirce’s theory depended upon the briginal length. It is said that
Peirce's theory devigtes fram'the.e¥periméntal_data. .However, if-the
proper original length can be:estiméted.easily,such as 15 in. length inp
acrylic spun varn, Peirce's theory becomes an adequaée theory to éxplaiﬁ '
the relationship between the sample length and its tensile breaking
strength. Further, once the proper original length can be determined,

a tensile breaking strength of any sample length can be estimated.by

using the values of mean strength and standard deviation for the strength

~distribution on this original length as a test specimen whether it be a

" yarn, fiber,-or a metal rod.

Table 14 shows a comparison of values obtained using Peirce's
approximation relations, equation [5) and [6], and the results of 15 in,
adequate original length determined in Figure i?, with experimental

results for acrylie spun yarn,

Correlation of Breaking Elongation with Breaking Strength

Mean Elongation p and Standard Devi_.al:ion g

Experimental values of Mean Elongation p and Standard Deviation ©
for elongation distribution at each sémple length are listed in Table 15.

The mean breaking elongation obtained in the experiment, shown in




e
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Figure 18, decreased with an incre#se'of sémple length, the same as foré'
the mean breaking strength.

The standard deviations for elongation distribution obtained in
the experiment, shown in Figire 19, decreased with an increase of aampie
length. The standard deviatioﬁs of elongation'for nylon filament yarn
were larger than those for acrylic spun yarn, although the standard
deviation of strength for nylon was remarkably smaller than that for
acrylic, Therefore, the distribution curves of elongation for nylon
filament yarn showed a larger variability than Ehe sharp shape curves
for acrylic spun yarn, as shown in Figure 20, although opposite phenomena

for strength distribution have been shown in Figure 11.

Relation between Breaking Streggth and'Eloggatioﬁ

As shown in Figure 9, the relation between Bresking Strength F

and Breaking Time t is as follows:

F=alogt+hb veess [12]

where a and b are constant.

However, from équation [9] aﬁd 10]

g = -S0eL oo [13]
100 V
and, from equation [11]
eidL _
Lm__ P Y [14]
e-gl
Substituting equation [13] and [14] in [12],
e, AL .
0 . .
F=a log(: ?00 . é ‘3 f . Y+ b vevas [15]
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The equation [15], now, shows the relationship between Breaking
Sﬁrength F and Breaking Elongation e. Further, the terml(60/100) (elﬁLfv)
is constant because each e and 4L is cons;ant as mentioned in Figure 4,.
and the extension speed V was ?ixed-at a constant 10 in./min. in this

experiment. The relation between Breakiﬁg Strength F and Breaking Elonga~

tion e, therefore, must be approximﬁtely linear on a log scale of Bréaking
Elongation e. | . |

By the way, the rglation'bétﬁeen Breaking Strength F and Sample
Length 1. can be obtained if equations [11] and [13] are substituted
for equation [12]  | |

60e

o0V (L+A41) +b veees [16]

F = a log

Equation [16] shows that Breaking Strength F is linear in a log scale of
Sample Length L. Figure 14 is an experimental data plot showing a linear
relation of breaking strength to sample length on a log scale.

Correlation of Breaking Flongation with Breaking Strength

There must be an approximately linear relation between Breaking .
Strength F and Breaking Elongation .e on a log scale,_as shown in equation
[15].

An eﬁpirical relationship for this was calculated from experimental
data by using the least squares method,.as shown in Table 16. According
to this table, equation [17] Waé.obtained.for acrylic spun yarn, and

equation [18] for nylon filament yarn.
F=1,08 log e + 0.091 veee. 1171

F =0.725 log e + 0.773 " vee.. [18]

——— - . [ - 1

T ST e S o A Dt B a4 oy e — A
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Figure 21 shows thege relations, which were plotted as Breaking
Strength F against Breaking Elongation e on a log scale. The breaking
gtrength of fhis nylon filamenf yarn (140 deniér); for example,_can be
estimated at 1.?87 1b. at the breaking elongation 25 percent from

equation [18]

A

Estimating for the Strength Distribution of Sample Length Zero

Equations for Estiggﬂing

Nekashima and bta's theory as shown in equation [71, which is
based on the distribution of sample length zero and a return probability,
is useful to estimate the strength &istribution of sample length zero.

fo(x)[fo(Mo) . ?
l—Fo(x) 2

1-Fp(x) = (1-F_(x) Jexpl 1 ... L?]

This equation {71 should be changed to equation [19] when

sample length changes from f to n/f.

. f (®)/E (M) f
o] 3 O . Tk
1-Fn!(x) - []_.-Fo(x)]exp[ EETRG 1 1 ... [19]

Raising both sides in equation [7] to n-th power,

£ (x)/£ (M) ?
n n r o o' o
[I-Ep(x)] = [l-Fo(x)] expl 1‘Fo(x) . n

, 1 ..... [20]
22

From equation [19] and [20],

OO/ M) 1F 0 [emp@ It
=TTE® T TG T haw
O .

g
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That ig,

[1-Ff(x)]n |

[1-F_(») . ceee. [21]

1'Fn!(X)

Therefore, if the strength distribution of sample length f, ?P(x),

and the strength distribution of sample length nf, an(x), are known
actually, the strength distribution of sample length zero Fo(x), can be
calculated by using equation [21].

Procedures to Estimate

The distributions of sample length 5 in., 10 in., and 20 in,,
shown in Figure 11, were used, that is, (f = 5, n= 2) and (F=5, n=4)
according to equation [21] to obtain the distributions of sample length
zero. |

Actual procedures are shown in Tables 17 to 20 in the cases of
(P=5, n=2) and (f=5, n=4) for acrylic spun and nylon filament yarns.
w

Comparing Table 18 with 17, and Table 20 with 19, there was little
difference in the results for the cases of ({=5, n=2) and (f=5, ngé). To
obtain the frequency fo(x),.therefore, the cumulative frequencies.Fo(x)
obtained in the case of (§=5, n=4) were used in Tables 21 and 22Ifor
acrylic spun and nylon filament yarns, respectively.

The calculated distributions of sample length zero are shown in

- Figure 22 by bar charts.

Estimated Normal Distributions
Assﬁming the normal distribution for the strength distribution of
sample length zero, this distribution also can be-calculated from actual

data, although Peirce assumed a normal distribution curve.for a finite
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original sample length.

Tables 23 and 24 were made to obtain the normal distribution curves
by using the values of standard.deviations 0.1136 and 0.030, and meaﬁg
0.9922 and 1.829 which were caléulated in Tables 21 and 22 for acrylic
spun and nylon filament yarns.

The results obtained are shown by two curves in Figure 22,
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CHAPTER V

CONCLUSTONS AND RECOMMENDATIONS

Cbnclusioﬁs

The effect of sample length, rate of testing, and bteaking time
on the breaking strength and elongation was determined in the pre-
liminary experiment by using.nylon and polyester filament yarns and
acrylic.and cotton apun yérns.

Tﬁe rela;ions between parameters 6f yafn tengile propertieé
were made, and the results were compared with the results by Meredith
and others,

Several thousan& tensile tests were-made of nylon filament
and acfylic'spbn yarns in various lengths, and the diétributions of
" their breaking strengths and elongations were calculated.

For. the original frequency curve, a normal distribution was
assumed using Peifce's "the weakest link theory", and it was observed,
generally, that Peirce's theory deviateS'from.thefgxperimental data.

The decrease in'breaking strength with increasing sample length
in this expériment agréed genefﬁlly with Peirce's theory. It was found,
however, that the longer the sample iength, the lower became the value
of standard deviﬁtion of its distribution, éﬁd‘the values of standard
deviation for filameﬁt yarn were much.smaller than those for spun yarns.
It was suspected, therefore,.thgt estiﬁation of.the strength of multiple
lengths depended upon the original length.

The curve for the shorter original length of nylon filament yarn

e ! G S
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approached more closely to Peirce's theory, and a curve for an original
length shorter than 5 in.. could be expebtedlto agree with Peirce's
theory. Regarding acrylic spun Yarn; the curve approached closer to
Peirce's theory as_the origin#l length changed from 5 in. to 10 in.
The curve for 15 in. original length was exﬁctly on the curve for
Peirce's theory, and then the curve geparated from Peirce's'theory as
the original length changed from 15 in. to 20 in, Thus, it was made
experimentally clear that the strength of multiple lengths by Peirce's
theory deperded upon the original length. |

Once the proper original length such ag 15 in. length in acfylic
spun yarn can be degermined,'Peirce's theory becomes an adequate theory
to explain the relationship between the sample length and its tensile
breaking strength, and a ténsile breaking strength of any sample lengtﬁ
can be estimated by using the values of mean strength and standard
deviation for the strength distribution based on this original length
as a test specimen, whether it be a yarn, fiber, or & metal rod. The.
strength of sample length 500 in. of acrylic gpun yarn uged in this
experiment, for example, can be estimated to be 0.747 1b. although
it is difficult to measure'actuaily the strength of guch a iong
specimen length. |

Furthermore, the correlation of breakiﬁg elongation with break-
ing strength was conéidered, and also the sfrength distributions for
sample length zero were estimated by using data for a finite sampl?
length,

Recommenda tions

A parameter of breesking time t includes some factors such as
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breaking elongation e, sampie length L, and extension speed V, as shown

in the following equation:
t = (60/100) (eL/V)

In addition to this fact, the bfeaking sffength decreases linearly
with the increase of breaking time on a Iog scale regardless of different
types of testing machines, such as constant rate of extension, constant
rate of traverse, and consgtant raﬁe of load. The parameter of breaking
time,‘therefore, ig very useful for comparing results in any kind of
tensile test. |

To estimate the breakiﬁg strength of multiple sample lengths,
Peirce's theory is véry useful, provided that the values of mean streungth
and standard deviation for the strength distribution on the proper
original length are used.

A rough proper original length of any kind of yarn, fiber, or
a metal rod can be estimated if tensile tests are made on a few sample
lengths as in this experiment. It is not easy, however, to determine

actually the proper coriginal length such as 15 in, of acrylic gpun yarn

and less than 3 in. of nylon filament yarn, as in this experiment.

3 - The variance length curve of thickness and its spectrogram

can be obtained easily with an evenness tester. The spectrograms of

acrylic spun and nylon filament yarns used in this experiment show

4 in. and 3 in. periodic waves of thickness variance, respectively. It

R

seems that there is little relation between thickness and strength

variances because the weakest place is not always the thinnest place

in twisted spun yarn and multiple filament yarn.

S -
e Sl e R S O S

e
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An easy way to estimate the proper original.léﬁgth, such as using

an evenness tester for thickness evenness still must be developed.
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APPENDIX




Table 3. F, e, C.V., and t at Various Sample Lengths and
Extension Speeds.

Nylon Filament (140 denier)

Sample Length 5 10 | 12 20 Mean

Extension L inch
Speed V
s ¥ 1.77 1.71 1.70 1.66 _ 1.71
(in/min) C.V. 2.15 2.11 1.41 1,63 1.83
e 25.52 21,13} 20.40 | 19.89 21.74
Cc.V. 12.35. 10.131 13.44 7.24 10.79
t 15.35 25.36] 29.38 | 47.74 29.46
F |- 1.78 1.781 1.77 1.73 1.77
10 ' c.V. 2.87 2.65 1.13 1.33 2,00
e 2312 22.03( 21.42 20.43 21.75
c Vv, 16.52 | 12.67 9,30 7.17 11.42
£ . 6.9 13.22] 15.42 24,51 | 15.02
F 1.81 | 1.76| 1.75 1.75 1.77
12 c.V. _2.66 1.99] 2.46 0.97 - 2.02
e 24.02 20.16| 18.43 20.76 20,84
C.V, 14.65 16.17 6.88 6.12 10,96
i 6.01 10.08] 11.06 ]19.26 11.60
F 1.83 1.80] 1.7¢9 1.77 1.80
20 Cc.V. _3.05 2.55 1.90 1.19 2.17
e 27.82 20.991 21.31 19.73 22,51
C.V, 14.45 . 14.05] 11.97 7,53 1 12.00
t 4,17 i 6.30 7.74 11.84 7.51
F 1.79 1.76 1.75 1.73
Mean C.V. 2.68 2.334 1.73 1.28 |
e 25.12 21.08) 20.44 20.20
C.V. 14,49 _13.26] 10,40 7,02
t 8.12 _13.74] 15.90 | 25.84

F: Breaking Strength (1b.)

e: Breaking Elongation (%)
C.V: Coefficient of Variation (%)

t: Breaking Time (sec) :

= e T




- .Sample Length 5 10- 12 T 207 Méan
Extension—~i_ L (inch) :
Speed ¥ : @
F- 1.48 LLegdg 1039 ) L L42 1.43
-5 c.v 2,71 2,31 2,510 3.30 | 2.72
(in/min)’ e 29.84 25.39.1 R24.487 | 24.97 | 26.17
c.v. 1.9.99 13,00 | 10.52" 10.41 | 10.98
€ ... |17.90 30.47 | 85:26 59.93 | 35.89
F . 1.50 L:427) | 1.42 1:431 1,43
10 c.V. 5.45 5:98' | " 4.02 4.187] 4.91
e 31.06 23,49 | 22.95 |  23.87 | .25.34
c.v,  ~~ ]13.20 24382 | 14.86 14.18 | 16,77
t. 19.32. 1 14.09 | 16.52 28,64 | 17.14
- F 1.49. 1 L7 | (LS5 1446 - 1.47
12 C.V. 5.03: 317 4,70 5081 . 4.25
e . 2966 | 25.81 | 24.81! 23.07. | 25.84
c.V, Ji5.78. | 7.25 | 16,90 12,051 13,00
t 7.42 | 12.90 | 14.82 23.07,| 14.55
F 1.52 - 4 ~1.52° 1 146, 1 1.43) 1.48
20 C.V. 6.31 _ 7.90 | 3.71 4,751 5.67.
e 28,76 26.10 | 23.68 23,40 [..25.49.
|_c.v.. 27.68 23.87 | 10.70 15.86°| 19.53
€ 4.31 7.83 8.53 14.046.]__8.68
F 1.50 1.46 | 1,43 1,44
Mean c.V. 4.89 4,59 | 3.74 4.33
o e 29.83 25.20 [ 23.98 .| 23.83
Cc.V. 16.66 17.24 | 13.25. 13.13
t 19.7%" 16.32 | 18.78 28.67
- _= = £, =z ar: :IlT | E --:-..—zii—l T YR T o £ 1)

Table 4, F, e, C.V,, and t at Vérious ShmPIE-Eéngtﬁsﬁ

and Extension Speeds..

Polyester Filamen:l(lso_QQnier)
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Table 6. F, e,C.V., and t at Various Sample Lengths
and Extension Speeds.

"~ Cotton Spun {20 count)

32

Sample Length 5 10 12 20 Mean
Extension {inch) '
;;:;;::‘h‘hth‘““hzr _
F 0.88 0.80 0.82 0.78 0.82
: 5 C.V. 10.87 9.40 6,50 8.08 8.71
(in/min) e 9.98 7.89 7.79 6.75 8.10
c.v. 9,02 7.99 6,10 4.22 | 6,83
t 5.99 9.47 11.22 16.21 10.72
F 0.78 0.79 0,78 0.82 0.79
10 c,V, 7.57 8.62 7.30 8.16 7.91
e 8.86 7.69 7.38 7.01 7.74
C.V, 6.10 - 6.89 7.78 6.99 6.94
t 2,66 4.61 5.32 8.41 5.25
: F 0.83 0.82 0.80 0.81 0.82
12 C.V, 11,79 10.43 | _ 4,64 9.62 | 9.12
e 8.9 7.64 7.55 6.97 | 7.71
C.Ve. 10,96 8.51 5.19 7.68 8,09
t 2.24 3.82 4.53 6.97 4,39
: F 0.79 0,79 0,77 0.79 0.78
20 C.V, 9.71 10,35 9,53 7.70 | 9.32
e 8.60 7.45 7.15 6.65 7.46
C.V, 6.28 7,52 7.34 6.02 6.79
t 1,29 '2.24 2.57 3.99 2.52
F 0.82 0.80 0.79 0.80
Mean C.V. 9,99 - 9,70 6.99 8.39
e 9.10 7.67 T.47 6.85
C.v, 8.09 7.73 6,61 6,23
t 3.05 5.04 5.91 8.90

SRR S st S




Table 7.

Nylon Filament (140 denier)

The Relation Between Breaking Strength F
and Breaking Time t

33

Sample Length 5 10 12 20 Mean :
Extension L (inches) !
Speed V _ :

F 1.77 1.7 1,70 1.66 1.71 i
(F,-F)/F, 0.033 0.066 0.071( 0.093 0.066 -
t 15.35 25.36 | . 29.38 | 47.74 29.46
(snfuin) tlt, 3.681 6.082 7.046 | 11.448 | 7.064
log(t/t,) 0.566 0.784 0.848 | 1.059 0.849
F 1.78 1.78 1.77 1.73, 1.77
(F-F) /F, 0.027 0.027 0.033| 0.055 0.036
10 Tt 6.9 13.22 15.42 | 26.51 | 15.02
t/t, 1.664 3.170 3.698 5.878 3.603
log(e/t,) 0.221 0.501 0.568 | 0.769 0.557
F 1.81 1.76 1.75 1.75 1.77
(F,-F)/F, 0.011 0.038 0.044 | 0.044 0.034
12 t 6.01 10.08 11.06 | 19.26 11.60 ;
t/e 1.441 2.417 2.652| 4.619 2,782 ;
log(t/t,) 0.159 0.383 0.424| 0.665 0.444 ;
F F,=1.83 1.80 1.79 1.77 1.80
(F,-F)/F, 0 0.016 0.022| 0.033 | 0.018 |
20 t £~ 17 6.30 7.76 | 11.84 7.51 :
t/t, 1 1.511 1.856 | 2.839 1.802 ;
log(t/t,) 0 0.179 0.269 | 0.453 0.256 |
F 1.79 1.76 1,75 | 1.73 5
Mean t 8.12 13.74 15.90 | 25.84
e/t 1.947 3.295 3.813| 6.196
log(t/t)) 0.289 0.518 0.581 | 0.792

S




Table 8. Breaking Strength Frequency (Acrylic Spun)

34 -

nches

1bs. 3 5 7.5 10 |12.5]15 J17.5]20 J22.5
0.63 0 0 0| o 1| o 0 0
0.65 1 0 0| o 1] o 0| o
0.67 1 0 1] 1 o] o 1 0
0.69 1 1 1] 2 1|0 o | o 1
0.71 2 2 o | 1 o] o o | 1 1
10.73 2 3 1] 3 1] 2 1 1 2
0.75 2 1 2 | 2 2|0 2 3 3
0.77 3 3 1] 5 3|1 0 3 | 6
0.79 1 4 51 4 5 | 4 4 3 11
0.81 1 4 2 | s 5 | 3 3| 5 |10
0.83 5. | 6 2| 9 9 {10 7 |13 |12
0.85 3 | 12 2 | 6 5 |14 9 | 14 | 16
0.87 7 8 7 |10 8 |10 1% | 14 |19
0.89 8 |13 12 | 16 16 |17 16 | 27 | 18
0.91 5 |10 10 | 7 21 (22 | 20 |16 | 23
0.93 13 9 13 |18 13 |13 17 |22 |21
0.95 1 |11 23 |12 18 |20 25 | 26 | 25
0.97 14 |13 25 | 16 15 {11 17 | 13 9
0.99 13 | 17 17 (13 | 18 |22 15 | 11 | 15
1.01 5 |1 19 |13 | 17 |17 18 7 2
1.03 20 | 11 1% (19 | 17 | 8 9 | 10 5
1.05 16 |12 1 |10 12 | 6 6 9 | 1




Table 8. (cont'd)
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5 7.5] 10 | 12.5] 15
10 g | 10 5 | 6
15 6 8 3 7
10 5 3 4 0

3 7 2 1 2

3 3 3 3

5 2 1 1

2 1 0 0

0 0 1

0 1

| 17.5] 20 | 22.5
1| 1
1 0
3 1
1

—— s e ———




Table 9. Breaking Strength Frequency (Nylon Filament)

.36

- Sample Length
Class (inches)
Interval _

(0.01 1b.) s | 10 15 20
1.65 - 1.66 1 1 1 1
1.67 - 1.68 - 0 | 0 2 3
1.69 - 1.70 | I o | 1 1 17

1.71 - 1.72 " 0 | 6 14 39
1.73 - 1.74 . 1 s 20 %
1.75 = 1.76 || 3 ) 22 46 6
1.77 - 1.78 3 36 16 o
1.79 - 1.80 14 20 0 0
1.81 - 1.82 | s | 0 0
1.83 - 1.8 28 1 0 0
1.85 = 1.86 17 0 0 0
1.87 - 1.88 5 0 0 0
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Table 10. Breasking Strength Cumulative Frequency (Acrylic Spun)

5 | 7,550 10 | 12.5] 151 17.5] 20
1
2
1| 1 2 1

1 2 | 3 3 1

3 2 | 4 3 1| 1

6 3 | 7 a|l 2] 2| 2

7 5 | 9 6| 2| 4| s
10 6 | 14 9| 3 4 8
1 | 1 (18] 1| 7| 8| u
18 | 13 23} 190100 | 11| 16
2% | 15 |32 | 28f20| 18 | 29
36 | 17 |38 ] 333 | 27 | 43
4 | 26 |48 | s |as | 41 | s7
57 1 36 |64 | 57|61} 57 | 84
67 | 46 | 71 ] 78| 83| 77 [100
76 | 59 | 89 91 | 96 | 94 {122
87 | s2 |10 | 100 [116 | 119 148
100 | 107 {117 | 123 [127 | 136 |161
17 |12 130 | 161 {149 {151 |172
128 | 143 [143 | 158 |166 | 169 |179
139 {157 |62 | 175 174 | 178 | 189
151 |168 |172 | 187 |180 | 184 [198

22,5

13
24
34
46
62
81
99

122

143

. 168

177
192
196
199

200
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Table 10._(cont'd)
5 )7.5 110 12,50 15 ]17.5 |20 22,5
]
161 | 176 | 182 | 192 [186 195 |199
176 | 182 | 190 | 195|193 196 [199
186 | 187 | 193 | 199 {193 |199 |[200
189 | 194 | 195 | 200|195 [200
1192 | 197 | 198 198
197 | 199 | 199 199
199 | 200 | 199 199
199 199 200
199 200
200
1
RS

e R IR
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‘ Table 11. Breaking Strength Cumulétive Frequency (Nylon Filament) '

| Sample Length ' - i

i Class (inches) 5 10 15 20 E:

|, Interval f '

; (0.01 1b.) 5

l_ 1.65 - 1.66 1 1 1 1 |

1.67 » 1.68 I 1 1 3 4 |

1.69 = 1.70 1 2 4 21 i

1.71 - 1.72 1 8 18 60 ﬁ

1.73 - 1.74 2 17 38 94 )

1.75 - 1.76 5 39 84 100 f

1.77 - 1.78 8 75 100 ;

| . *

1.79 - 1.80 22 95 i

1.81 - 1.82 50 99 .

1.83 - 1.84 78 100 1

1.85 - 1.86 95 i

:]

1.87 - 1.88 100 !

éi

i

i

|

¥

tf

!

B

”

i

y
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Table 12.

The Strength of Multiple Lengths

(Experimental)
- Sample Length (ins.)
3 J - 1U 12,5 1D 1/.3 pd4] Ll:2
Mean
9o | (1bs.)] 1.008 0.977 0.973 0.954 0.947 0.931 0.918 0.912 0.898
> A [Standard
¥ Ppeviation
R c 0.121 0.112 0.109 0.104 0.090 0.086 0.078 0.073 0.071
~ .
St
o
¥ |t(ba,d - 1,82 - 1.77 - 1.74 == 1,72 -
s
= : _
= ] - 0.032 - 0.028 - 0,024 == 0,018 ==

oy
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Table 13, The Strength of Multiple Lengths
: depending upon the Original Length,
Acrylic Spun : )

)
4

—_— Sample Length (in.) -

!rﬁ

7.5 10 12,5 15 17.5 _ 20 _

I L
|

w
L

R 2t
%L_ o5 =0.277 0 0.036 0,205 0.218 0.411 0.527 0,580
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Table 15.

The Elongation of Multiple Lengths
(Experimental)

Sample Length (in.)

20 22.5

3 5 7.5 10 12.5 15 17.5

G Mean _
s g } 3.13 5.14 6.56 5,89 5.86 5.79 5.46 5,30 5.08
ol tandard ‘ '
g‘*’ Deviation o [1.17 0.92 0.65 0.71 0.64 0.51 0.53 0.46 - 0,47

ot R .
- 5 _ - 28.14 - 23.00 - 21.37 - 20,89 ==
o E -
- | X
_Z ;_." - 2.34 - 2.12 - 1.95 - 1.69 -

154



Acrylic Spun

Table 16.

Least Squares Estimates of the Slope

-
nn

0.7730

Sample Strength  Elongation 9
Length (in) y (1bg) x (1) log x y + log x (log xX)°-

3 1.008 9.13 0.96047 0.96815376 0.9225026209
5 0.977 7.14 0.85370 0.83406490 '0.7288036900
7.5 0.873 6.56 0.81690 0.79484370 0.6673256100
10 0.954 5.89 0.77012 0.73469448 0.59308848144
12.5 0.947 5.86 ¢ 0.76790 0.72720130 0.5896764100
15 0.931 5.79 0.76268 0.71005508 0.5816807824
- 17.5 0.918 5.46 0.73719 0.67674042 0. 5434490961
20 0.912 5.30 0.72428 0.66054336 0.5245815184
222.5 0.898 5.08 0.70586 0.63386228 0.4982383396
) 8.518 - 0.70991 6.74015928 5.6493368818

b = 1.0840

a=0.,0914

Nylon Filament

5 1.82 28.14 1.44932 2.6377624 2.1005284624
10 1.77 23.00 1.36173 2.4102621 1.8543085929
15 1.74 21.37 1.32980 2.3138520 1.7683680400
20 1.72 20.89 1.3199 2.2702968 1.7422416036
Z 7.05 -- 5.46079 9.6321733 7.4654466989

0.7248
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Table 17. Estimation for the Strength Distribution of Sample
Length zero (Acrylic spun, f = 5, n = 2)

x e DR@T P 1F, @ 1R @R @ F®
0.67-0.68 0.5 0.5 0 0 1
0.69-0.70 || 0.5 0.25 1.5 =0.5 -0.5 0.5 1.5
0.71-0.72 || 1.5 0.25 2 -1 -0.25 -0.25  1.25
0.73-0.74 || 3 4 3.5 =2.5 -1.6 -1.6 2.6
0.75-0.76 || 3.5 6.25 4.5 =3.5 -1.8 =1.8 2.8
0.77-0.78 || s 16 7 -6 -2.7 2.7 3.7
0.79-0.80 || 7 36 9 -8 4.5 4.5 5.5
0.81-0.82 || o 64 11.5 -10.5 -6.1 -6.1 7.1
0.83-0.86 | 12 121 16 -15 -8.1 -8.1 9.1
0.85-0.86 || 18 289 19  -18 -16.1 -16.1  17.1
0.87-0.88 || 22 441 2 -23 -19.2 -19.2 20,2
0.89-0.90 || 28.5  756.25 32 -31 ~24.4 -26.4  25.4
0.91-0.92 || 33.5 1056.25 35.5 -34.5 -30.6 -30.6  31.6
0.93-0.94 || 38 1369 44.5 <43.5 ~31.5 -31.5 32.5
0.95-0.96 || 43.5 1806.25 50.5 ~=49.5 ~36.5 -36.5  37.5
0.97-0.98 || 50 2401 58.5 =57.5 -41.8 -41.8  442.8
0.99-1.00 || 58.5 3306.25 65  -64 -51.7 -51.7  52.7
1.01-1.02 || 64 3969 71.5 -70.5 ~56.3 -56.3  57.3
1.03-1.04 || 69.5 4692.25 81 -80 -58,7 -58.7  58.7
1.05-1.06 || 75.5 5550.25 86 -85 -65.3 -65.3  66.3
1.07-1.08 || 80.5 1320.25 91 =90 -70.2 -70.2  71.2
1.09-1.10 || 88 7569 95 =94 -80.5 -80.5  81.5
1.11-1,12 || 93 8464 96.5 <=95.5 -88.6 -88.6  89.6
1.13-1.14 || 94.5 8742.25 97.5 =96.5 =90.6 -90.6  91.6
1.15-1.16 | 96 9025 99  -98 -92.1 -92.1  93.1
1.17-1.18 | 99.5 9702.25 99.5 -98.5 -98.5 -98.5  99.5
1.19-1.20 | 99.5 9702.25 99.5 =98.5 -98.5 -98.5 . 99,5
1.21-1.22 || 99.5 99702.25 99.5 -98.5 -98.5 -98.5  99.5
1.23-1.24 {100 9801 100 =99 -99 -99 100

1.25-1.26




Table 18.
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Estimation for the Strength Distribution of Sample
Length Zero (Acrilic spun, f= 5, n = 4).

2 |re LRI FL,m 1F 6 DF @I 1 R
0.67-0.68
0.69-0.70[ ¢ 0.06
0.71=0.72| 1. 0.06 0. O. ¢.1
0.73-0.74] 3 16 1 0
0.75-0.76) . 3. 39,06 2. -1. -26.0 -3 4
0.77-0.78] S 256 4 -3 -85.3 4.4 5.4
0.79-0.80| 7 1296 5, 4. -288 -6.6 7.6
0.81-0.82] 9 4096 8 -7 -585,1 -8.4 9.4
0.83-0.84) 12 14641 4.5 =13, -1084.5 -10.2  11.2
@.85-0.86| 18 83521 21.5 =20, -4074.2 -16.0  17.0
0.87-0.88|| 22 194481 28.5 -27, -7072.0 -19.2  20.2
0.89-0.90]| 28. 571914.06 42. =41 -13949.1 -24.1 25.1
0.91-0.92| 33.5 1115664.06 50.  -49 -22768.7 -28.3  29.3
0.93-0.94] 38  1874161.00 61 -60 -31236.0 -3l.4  32.4
0.95-0.96 43.5 3262539.06 74 -73 44692, 3 -35.4 36.4
0.97-0.98| 50 5764801 80.5 -79. ~72513.2 -41.7  42.7
0.99-1.00) 58.5 10931289.06 86 -85 -128603.4 -50.4 51.4
1.01-1.02|| 64 15752961  89.5 -88. ~177999.6 -56.2  57.2
1.03-1.04f 69.5 22017210.06 94.5 -93. -235478.2 -61.7 2.7
1.05-1.06] 75.5 30805275.06 99 -98 -314339.5 -68.0 69.0
1.07-1.08[ 80.5 3994556.06 99.5 -98. -405538.7 -74.0  75.0
1.09-1.10ff 88 57289761 99,5 -98, -581621.9 -83.4 84.4
1.11-1.12}f 93 71639296 100 ~99 -723629.3 -89.8  90.8
1.13-1.14]| 94.5 76426935.06 100 99 -771989.2 -91.7  92.7
1.15-1.16] 96 81450625 100 =99 -822733.6 -93.7 94,7
1.17-1.18] 99.5 94133655.06 100 -99 -950845.0 -98.3  99.3
1.19-1.20f 99.5 94133655.06 100  -99 -950845.0 -98.3 99,3
1.21-1,22) 99.5 94133655.06 100 -99 -950845.0 -98.3  99.3
1.23-1.24 100 96059601 100 -99 -970299.0 -99 100

1.25-1.26




Table 19.

Zero (Nylon filament,
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Estimation for the Strngth Digtribution of Sample Length
5, n

Fﬁz(k) 1-F_ () '[1fr°(x)j“'1 1-F () F ()

- 1.87-1.88]100

Fp (x) [14Fg(x)]“

1.65-1.66[ 1 0 1 0 0 0 1

1.67-1.68[ 1 0 1 0 0 0 1

1.69-1.70f 1 0 2 A 0 0 1

L2t o 8 -7 0 o 1
1.73-1.74) 2. 1 17 =16 -0.06 0,06 1.06
L7s-1.76) s 16 39 -38 -0.42 -0.42 1,42
1.77-1.78] 8 49 75 -4 -0.66 -0.66 1.66
1.79-1.80f 22 461 95  -94 “4.90 -4.90 5,90
1.81-1.82] 50 2401 99 -98 -24.,50 -24.50 25.50
1.83-1.84fl 78 5929 100 =99 -59.89 -59.89 60.89
1.85-1.86§ 95 8836 100 . -99 -89.25 -89.25 90.25
9801 100  -99 1=99.00 -99.00 100.00
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Estimation for the Strength Distribution of Sample

Table 20.
Length Zero (Nylon Filament, f= 5, n = 4)
. - D

PR Y Il-qg(x)]“ Fog @ 1-F g0 [1-F_ () ""M1-F _(x) F_(x)
1.65-1.66) 1 0 1 0 0 o 1
1.67-1.68[ -1 0 4 -3 0 o 1
1.69-1.70f 1 0 21 =20 0 o 1
1.71-1.72f 1 0 60 =59 0 o 1
1.73-1.74]| 2 1 9 . <93 -0.01 . 0 1
1.75-1.76| 5 256 100 =99 -2.59 1.4 2.4
1.77-1.78|| 8 2401 100 =99 -26.25  -2.9 3.9
1.79-1,80 22 194481 100 =99 =1964.45 -12.5 13.5
1.81-1.82] 50 5764801 100 =99 -58230.31  -38.8 39.8 -
1.83-1.84| 78 35153041 100  -99 -355081.22  -70.8 71.8
1.85-1.86 95 78074896 100 =99 -788635.31  -92.4 93.4
1.87-1.88[100 96059601 100  -99 -970299.00  =99.0 100.0
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Table 21. Calculated wumncman% om mnﬂmﬂmn: Uhmnuwvcnwon om
. T mmsuwm Hmsﬁn# Nmﬂo Abhﬂ%H»o mvcﬂu )
nm_.o_bmnmm ” _mm_nb_.nmnmw |

! X B Cx) F_(x). T E_(X)

N =5, o=h

| 0.67-0.68

| 0.69<0.70

| 0.71-0.72

_ 0.73=0.74 . . ]
0.75-0.76 4 4 A
0.77-0.78 5.4 5. 1
0.79-0.80 7.6 8 3
0.81-0,82 9.4 9 1
0.83-0.84 1.2 | n 2
0.85-0.86 17.0 | 17 6
10.87-0.88 20.2 120 3
0.89-0.90 25.1 25 5
0.91-0.92 29.3 29, 4
0.93-0.94 32.4 32 3
0.95-0.96 36.4 | 36 4
0.97-0.98 42,7 | 43 7
0.99-1.00 51.4 51 8
1.01-1.02 57.2 | 57 6
1.03-1,04 62.7 | e3 6
1.05-1.06 69.0 | e 6
1.07-1.08 75.0 75 6
1.09-1.10 84.4 | s 9
1.11-1.12 . '90.8 91 7
1.13-1.14 92,7 | 93 2
1.15-1.16 %.,7 95 2
1.17-1.18 99,3 |99 4

: e S L AU NIRRT - L
N e rr i, :




Table 22, Calculated Frequency of Strength Distribution of

Sample Length Zero (Nylon Filament)

51

“ Calculated Estimated
x Fo(x) Fo(x) fo(x)
£=5 n=4 F

1.65-1.66 1 1 1
1.67-1.68 1 1 0
1.69-1.70 1 1 0
1.71-1.72 1 1 0
1.73-1.74 | 1 1 0
1,75=-1.76 2.4 2 1
1.77-1.78 : 3.9 4 2
1.79-1.80 13.5 14 10
1.81-1.82 39.8 40 26
1.83-1.84 71.8 72 32
1.85~1.86 93.4 93 21
1.87-1.88 100 100 7

M= 1.829

Go= 0,030




AT YT T T R YIRS

AT o Ty

ieimak mit

52

Table 23, Estimated Normal Distribution for mnﬁmﬁmn.:. of Sample
Length Zero (Acrylic Spun) M= 0.9922, o= 0,1136

f(x) =(1/ VIn Q.umﬁhlﬁﬂlﬁuwxm QN”_

x EV' ' - . N..
0.70 10.132 0.2
0.72 0.203 0.4
0.74 . 0.304 0.6
0.76 | 0.441 0.8
0.78 0.621 1.2
0.80 0.847q 1.6
0.82 1.121 | 2.4
0.84 1.439 2.7
0.86 ’ 1,790 3.4
0.88 2.160 4.1
0.90 2,527 : 4.8
0.92 2,867 5.4
0.94 | 31154 6.0
0.96 3.364 6.4
0.98 3.480 6.6
0.992 3.499 6.6
1.00 3.491 6.6
1.02 3,396 6.4
1.04 3,203 6.1
1.06 2.929 5.5
1.08 2.598 4.9
1.10 2,234 4.2
1.12 : 1.863 | 3.5
1.14 1.507 2.8
1.16 1.181 . 2,2
1.18 _ 0.898 | 1.7
1.20 - 0.662 1.3




Table 23. (cont'd)

£G) = (LNVIT0)expl-(x-p)2/2 0 2]

x -

£{x) %
1.22 0.474 0.9
1.24 0.328 0.6
1.26 0.221 0.4

Al e




Table 24. Estimated Normal Distribution for Strength of Sample
Length Zero (Nylon Filament) &= 1,829, o= 0,030

RO

| £(x)=(1/ V27 0 Yexpl-(x -1)2/2 a°]
® £x) 7
1.54 0.000 0.0
1.56 0.000 0.0
1.58 0.000 0.0
1.60 0.000 0.0
1.62 0,000 0.0
1.64 0.000 0.0
1.66 0.000 0.0
1.68 0.000 0.0
1.70 0.001 0.0
1.72 0.018 0.0
1.74 0.163 0.3
1.76 0.944 1.5
1.78 3.503 5.5
1.80 8.334 13.2
1.82 12.713 20.1
1.829 13.298 21.0
1.84 12.434 19.6
1.86 7.797 12.3
1.88 3.135 5.0
1.90 0.808 1.3
1.92 0.134 0.2
1.94 0.014 0.0
1.96 0.001 0.0
1.98 0.000 0.0
2.00 0.000 0.0
2.02 0.000 0.0
2.04 0.000 0.0
2.06 0.000 0.0
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Spectrograph (Nylon Filament).
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