VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

'"SﬁCQar_;gffThenis. Elastic modhiigaﬁd the-uenﬂing
| Praperties of Textile Materials,

Values for the tensile, bending, and compressive
moduli of aylon 6,-nylog 66y pqumthyléne, pmlypﬁopylen@,.l
Saran - and Teryléne fibﬁea have been obtained on en Instron
TTénsile Tes%ing instrument, Model ¥M. It has been shoun
‘théﬁ the moduld sre similap in value for a specific mﬁtefia
The effect of variationlin‘a numbév of experimental conditi
has hoen investigated and found to be ﬂimilaﬁ*fwr'eaqh |
nodulus of a material. In parﬁicuiar the effecis of
tenperature gnd suamidity on the bending nodulus have been
checked by experimenﬁ using a Céﬂbridge Exﬂcganmeter mounte
over a'Gailenkemp Conditioning Oven. The order off change
of Value‘ﬂven within the limits of general atm&&@herie‘
flum&uétiéns hag been shown to bo aonsiﬁerabie, and the
modulus nay decréas@ until at high)tempevaturéa*énd hﬁﬁiﬁit:
the value may be loss than'zsjger éent of the value at low
teﬁpﬁratures and hawddities. '3The relative decrease depend:
“on whether the:maﬁérigl ie tharﬁqpiaﬁtia anﬂfhydfophilia or
hydrophobic, and Che pabtern oflcﬁange was closely akin to-
the results expected in tonsile values under similar conditi

“The‘effects of timo, hiatcry, type of fibf&; énd'tesi

‘methody have bheen. considered in relatlon to the prosent






‘experiments and the work of other authors., The use of

strain moduli to forecast the resistance of a fibre to
benqing wvhere strains are outwith the innediate elastic
region has been suggested. It has been shown that reason:
agreenent existed between tensile and bending strain moduli
up to a 5% level of strain, and the use of such strain moc
to indicate stiffncss has been discussed thh nd&ifional
reference to Jinal, or bvoak;ng stirain, rtlffne&s.
Experience of bending test methods has shown the nce

for an instrunent capable of maasuriny aocurntely loads of

the order of 1 x 10 4 ‘grammes, and deflectionn of 1 x 10"4

!

“centimetres; so'thapifine fibres may be etudxed._

% id tengileéﬁeéts:wbre'uaed then the sensitivity

required would be 1 x 1073 gromues, and 1 x 107 centimetre

with reasonable scale deflection. The latter is just with

the capability of the present instrument but 5 grammes load

cell is required, compared with the present limit of 50

‘granmes, retaining the present scale magnification.

The problens of measﬁring the resistance of a yarn t
bending have boen discusaed and it was fouad that the use o
tensile measurcements was justified in a number of coses.
Results have been givén for nylon,; Teryleno, and viscose yw
chosen to reflect the effecits of yarn and fibre tex, and

nunbor of fibres, on the tensile and bending properties.



At low levels of strain it has been shown that a yarn may
behave as & number of individual components or fibres with
the,result that the bending nodulus and flexupal rigidity
was the sum of the values of the components.‘ On othey
occasions and at higher strains the flexural rigidity of
the yarn was higher than the theovetical value hecause the
fibres were no longer acting independantly, but the tensile
strain moduli still gave a useful indication of bending
performancé even at break,

A number of fabrice have been analysed, their resiste
to bending forecast, and compared with the practical values,
found by experiment. The woven fabrics woere selected o th
monefilanent , mulﬁifilament, and fibre constructions were
represented and the matorlala wero nylong, polyebhylcne,‘f;
pelypropylene; Saran, Terylene, anu vigcose rayons

General agreenent has boen found between the vnluea
of flexwral rigidity obtained by a stendard cantilever test,
and results obtainéd by beam and 1oup expcﬁimenta,,eimiiar
to those used for f£ibro and yarn meééuremcnt¢ Some: probles
ralatiﬁg to the estimation of the bending modulus of & fabvi
have baeen ﬁiﬂcuséed and results compared between fanrics épd
with tensile modulis Tensile stroin meduli gave o usefﬁl
indiecation of pebfurménce ineluding the evalﬁation of the

ceffect of physical and c¢hemical Tinishing on a fabpic,



Finally a eollection of fabrie data has been inapeéte
and information relating to tensile and keonding measurencnts
has been discussed, | |

It has been concluded that the use of tenszile
neasurenents to indicate the stiffness of a material is

Justified in many cases but thot care is required in
intgrpretatian». The measurement of the thickness of yarns
and fabrics, the changes of effective thickness under test,
ond comparison of these results with theoretieal values are

subjects vequiring fupther consideration.
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At low lovels of atyain ﬁ% has been ghown thot o yarn noy .
behave as o nuwaber of individual conponents op fibres with
. ¢he rosult that the bending modulus ond flexnpal rigi@iﬁy

wig the sum of the values wﬁ tho mam@anaﬂtﬁ. On vthep
oncasions and at highor stroins the Plexural rigldity of
tha yovn wae higher than the theorotical value bocouse the
fibros ﬁ@ra no 1&n¢am matin 1nﬂagdnﬁanﬁ1v, ﬁuﬁ ﬁha wansilé
ﬁﬁmaim mndul& atill gave a naeful imd%uaﬁ&@n @f banding
PQPf@?ﬁ&Hﬁ&aﬁVﬁh at hradk. “ |

& oumbor ﬁﬁ ﬁnbriﬂa hﬁva been analysed, ﬁhei#“résiétaﬁca ;
o bending mmamm PRRI mn;mma with the practical valma féamui
by oxperdment, The woven fubrios wero @ﬁiﬁﬁtﬁd s0 that
ponofilanent, nultdfilonent, and Elbre constructions vere
w;wwémwﬂ and the materinls were nyxm}zg. zmlyammémﬁ
polypropylens; Sarang wﬁryaﬁnai and viaeaaa rayons .

Genopral agrocaent hag been found bmﬁwaen~tné values
of flexural mwidity chbadned %:\3; o stopdaprd gant :Llever mab,
and zesults obtalned by ﬁ@am-anﬁ loop qxgapimanﬁa,~s¢mixap
to %:,lmgk: used for ﬁ{bm and yorn messwrononts  Some problems
relating to -*&:}m\eat;iﬁm:im of the bending modulugs of a fobrdc
have beon diesussed aud pesults comparod betwoon fabrics and

Wiﬁh.*ﬁﬂﬁi1@~mﬁﬂﬁiia Tensile aﬁbain moduli &ava a useful

[ inddention of performence including the ovaliation of the

o eflfect of physieal s chemlcal fluishing on o fabric,




Flaoalldy o ﬁﬁllﬁarﬂlu& @&? ié,”msmw ¢l ..;i:f;t «i:&iﬂ beon dnspeated
and Lnforsation relobing o tensile and hmsﬁmg EBUPenCnts
hap boon Qe ﬂﬁﬂﬁﬁég | | . |

&@ has mﬁmw ammmhﬂwwﬁ tha bhe vee of toneilc
Kﬁﬁmﬂ#um&&ﬁﬁ o inﬁiemmm ke ﬁﬁm&iﬁwﬂm of o swberded e

aebifded Lo n&ug ﬂadﬁm sty ﬁ@aﬁ‘aﬁvﬁ ie voguivesd in
ﬁmﬁ@T‘!‘i”‘ﬁﬁ’ﬁ‘iﬁii%ﬁﬁ}i% - Whe sEpsrent off um thickness of ryoeis.
opd o ?ﬁ?ﬁ_’iﬁﬁg_ Lhe o Liiges off f&:??fﬁ??étﬁaiziiﬂw@ phickupss. undos *%:{i?f?}fsg |
sl conparisen of Chose PO &wﬁ* wibh theereoticel volues oee

aubjeots Peguiring farther iﬁ”}ﬁﬁ%w.ﬁ-ﬁi%ﬁﬁi23:@8’5w,




CONTENTS

| ”;l‘arxﬂgg_
| &g ’hNﬁ'%*J LADGEMENT

ABETRACT
LISE OF DADLDS

LIsg OF PIguRes

GLOSBA
CHARRER - 1.  SNERODUCEION 1
CHAPTSR . 2, SURVEY OF RIPREATURE -4
PANE . TENSILE) COMPRESSIVR 3e AND DEEDING
MOBULE OF SIDRES
CUAPLER 8. TENSILE AND COMPREGSIVE MOBULY
OF FERIDS o | 42
CHAVIER 44 PENSELE AID DBNDENG M DULE UF FIDRES, 99
ECHAPTHR ‘,5, BFFECT 0F TUNPBRAYURE AND UUMIDITE. 154
ON BUR DENDING 1 QBUENE OF PLIDRES,
CHAYTER O, S A I Mr;mml.- B ) 177
, CHAPESR 7, SURGRCHING AN DENPING wrsrvonsizes 199
CHARTER B4 GENERAL CONCLUSTONS PROL FIDUR

EYPERIMENTES 207




BART "IX

CHAPRER

CHAPIER

CHAPTER
CHAPLER
CHAPTER

CHAPTER

0,

104

3%,
12,
13

14+

REFERENCES o

TENSILE AND BENDING PROPGATLIRS OF VARNS.

ggﬁ FADRLCS o

ﬁgﬁﬁﬂﬂx COMMENT ON TEST MBTHODS FOR
YARNS AND FPABRICE.

TENSILE AND BENDING PROPERYLIES OF YARNS,
THE TENSILE AND BENDING PROPERTIES OF
SOME FABRICS

MODIFICATION OF FABRIC PRUPLRTIES BY
RESIN OR OFHER TREATMENT,

GENERAL DISCUSSION OF TRNSILE MWD
BENDING DATA.

CONCLUSIONS REGARDING THE ELASTIC MODULE
AND THE BENDING PROPERTIES OF TEXIILE
MATERIALS o

253

309

388

278




Tabl&

BT

INDEX 70 TABLES

3 ffvcz uf ?rm&raatm&nﬁ uf thra nn I%Qdula.

‘ VﬁIua ef Tema¢1u, ﬁending; an& %nmprassave

‘,f;Mbdu1¢ ﬁvar a kauga ui Pibra ﬁiammtcp

1Vl«:i.’ii’wzz‘b af Wa&t £ength waﬁ Len@th_Diametnn"

7.Ra&;¢ Qﬂ tsa fﬁﬁsxlﬂ a&ﬂ Cmmpvaaﬁive Modulus. .
‘:neﬁaila off - Fiﬁréﬁ Uaeﬁ iﬁ Tgnsile, Comprnsaxun;" e
77

) nﬁ ﬁﬂﬂ&iﬂ“ hwgarimentﬂa

‘Ten&ilé and ﬂumprmﬁvive mnﬁﬁmi~offw@rﬁain

 Fibra5u

_ Refercncc Valuaﬁ ﬁur lnibial ﬁndulus gxiffncﬁﬁ .

and Llaaﬁ;c heaovﬁry ef Fibres.'

o Test Beam. )

:jbfiaut af Lﬁ@p Bize ot Bcnding Mﬁﬂulus of
 vNy1on 6« ' |

N Gampar;son of %ﬁmatching and Pricbicnal FOP&GS&
£ Tame nep&ndaﬁce uf Moduli¢ -

'fValue$ nf the Gaeﬁfzaient @f Frictian ﬁf

' Gertamn Fibraa. |

sy

o

81

Heﬂleet;on Sﬁrain Valuea fur Diff@rant Lcﬂgtha A |
114

115

31y



Table s (Contd.)

12

13

14
15

16

17

18

19

20

21

22

23

Refractive Indices and Bivefringence of
Nylon and Pclyprnpyléu& Fibres.
Details of Additional Fibres Used din Tensile

aﬂﬁ’ﬁending Exporiments.

Tensile snd Bending Moduli of Certain Fibress
Tensile and Bending Moduli of Certain Fibres.

fTensile end Bending Strain Moduli of Certain

Fibres,.

Breaking Load, Extonsion, and Stiffness of

Certain Monofiloment Moterials,

Stiffness of a Wool Fibre ot Various

Elongations and Loading Times,

Dismeter and Tex Proportionality of Bylon 66

Values of Loop Factors,

Loop Load Deflection Diameter Proportionality..

Detaile of Viscose Rayon, Nyleon, and
Terylene Yarns. ”
Tensile and ﬁénﬁing Moduli of Viscose Rayon,

Nylon, and Terylene Yorns,

142

143

186

105

298

201

2483

3&6



ng

Table. (Contd.) | Page
S84 Qtriiﬁ Nodulm Valaes of :
L s naq-
leSc@ 1 RMJUW, ﬁylon, and Tcrylon& Pilamenta. 231
25 Taaa¢3¢ Prupext&e of
' o 238
V1~ n&a Rayun, Wylan, am@ Terylene Ymru 32
26 Flexural gidlﬁy gf _
232
Vaﬁcuﬂc Raynn, Lyicn, and Te vylonc Yavns.;
-27 -Analyul& of Fabriaq Us ed in o | o
ﬂendlnﬁ prcrinomts»
_LZﬁﬁa) Tangiia Wraﬁgntims of ahrjc,ﬁne,i = 262
4‘3‘ e | ' . _V o e o ”Gq
28{b) bandznb QPUﬁvaLOG of I :b ic Une, "
29(&)}wensi;e Pra@ertaaﬁunf Fabprle Twoe . 2
© 29(b) Bending Properties of Fabrie Twoe 27
30(a) Tensile Proportice of Fabeic Throe, 73
©.30(b) Bending Properties of Fabric Three. . ”74f
31(a) Tensile Properties of Fabric Four. - ﬁ??
. “ . o .. o _ . :;IC;
;31(5} Beﬂdinﬁ'?rﬂpﬁrﬁle$ of Fabric Four, - a7t
I o AT 261
32{&) iam ile Prayert;m& of Fabyic Flve.
o ~ e K 202
32(b) Bendi ; Properties of Fabrdc '




33(3) 'Ifens.tla Pmpwama ui‘”i“abmc m-:;?-. | ‘_ ?*’34
féékﬁjl Bending Prnpertie ‘af Fabric w%§;vfr:1QJ; jii€;;gm$l\
‘3416):'ﬁens11c Praymrtmcsint;?mbric &@;éq;; | _'if é%%
34;&); Bcnding ?Qéﬁart&&a nf Pabwim ﬁe&eﬁ; n;u 14- 3%9
-?3515)} Tenﬁila Pruparﬁmwﬁfaf Fabrie Da@ht;t,'%'  if;§1_“
‘;iag(b)  Benﬂmng Prapcrtiaﬁ af Fabri¢ Liyht.: o  ' }3§2‘j

36 Camparmaan of utra;n Moﬂnli and Eenﬂmng
| 'chuli tha;ned frem ﬁpacified .
- Ehmwnt ﬁf Inertia,:,J' u_.ﬁ‘~-, :“' o _2@6
37 - ,3Fabric Flcxural kiwidiﬁy and. Pilﬂment
o HBendxng mtraxn Madu11 af Nylan, Tepylcno,

riand V;sveae hayan &uluifmiamcnﬁ Pnhv&cs. !,'i 299

‘38 :;j_T&nsile and Banding 9r0partipﬁ ef thria
| %1x.afbur Treatmﬁntd :j“ B 5 &
f¢f391 "ﬁfBendinﬁ Prapewtman mf Pabric Bight afﬁerhﬂsin gEy
o 7;ﬁruqtmen*." o "},'.u» o 8
“AQ_f,*"Tenﬁilv Prapertioa of Fabr&e Lxght aftar |
. ffﬁvsiﬁ Treatmant‘ o , ) 1
o4  Rcsmn‘Treabmd Qampl&u ef Fabric Bight “
S ~Kaﬂkeﬁ¢n$tiffues fnum Bendmnﬁ Tests.. | - 37




Zable:: (Contd,)

’ 42 Resin Treated Samples of Fobeie Dight

Ranked in Stiffness from Tensile Teste.

e,

43 K@ﬂ&&ll Rl Gﬁ?ﬁ@lﬁtimm Significance Test
For ﬁtiffné&alﬂankingﬁ ¢f Fabrie
Bight S&mpieﬁf
44 Tengile Pyopertics of Yarns from Resin
Treoted Samples of Fabrde Bight e
45 Blasbic Recovery of Some Materials Lrom

Tensile snd Bending “train,




2(a)

z(b)

2(0}

INDEX T0 PIGURES

! biﬁplac&meﬁﬁ p£_$n5hrbn Load=Cell

with Load.
Stpessastrain Curves for Momofilaments

Sﬁrass@ﬁﬁ#ain Relationships up to

5% Strain,.

Specific StreswStrain Curves fop

Monofilanients ¢

- Tensile and Compressive Strain of

Terylene Fibres

6(a)

6(b)

Gallenkemp Oven Assembly.

Simple Geometry of a Bent Beom.
BEffeet af'R&léﬁive,ﬂumidity on the-
Bending Méﬁuluﬁiﬁf Nylon 6 at
pifferent @e@peéabur@si' |
Effeﬁt'nf Relaﬁiva Humddity on the
Bewaiﬁg'Moﬁuluﬁ?@£ Nylon 06 at
Different Tempeéaturésa~

¢

48

6o

160G

163



Figure

7(a)
T(bg
7(c)

7{d)

10

11

12

(Contd. J:

tﬁﬁﬂeat of Wemperatura ot the Hénding

Modulus of Nylen 6 at Diffcrent

Humdditicss

Lffect of Temperature on the Dending

Modulus of Nylon H6 at Different

Lffect  of Temperature on the DBending

366

167

Modulus of ?alyethyleﬂa, Palypvupylone,

and Sarans

y

Lffect of Tenperature on the Bending
Modulus of Terylene.

Cumalative and Consecybive Strain
Modulis

Load=Deflection Curves from Beam and

Loop Method,

strmin'Moduli for Various Fibres.
W

“ nhwmye of yrmpnrumonmlity B

anO/Losﬁ
wibh Bef&eeﬁmnn.

Ipadabxtension Curves for Some

Filament Yams.,

168

138

190

02

202

243



- Bhyose

Spovific Blress
Pensile Steodn

Yoo e soduius

‘%fiﬁ:g?léﬁ podat,

-

o, Yield point

ket

TERHE AND. DIEEY

3:; \

3§

LR OIS

g 2
lumd L ,‘ ,ﬁ?ﬁ/ﬁﬁggkﬁffmﬁ

L

mmﬁ ni’ m*m»mwws;w_an

Lduad IO+ 74 1
Bass gfm* mmi. .lr:*uggm%

".;»fﬁ;'{;l,mmxi' Jﬁ, gkl w opdodnald denoth

originad lengbh

he slope of the Consile strosewotrain

‘pueve et the ordging stress/etrain,

kg€/om”, gi/tens Alse calied claptie
podnlug, dnitiol ﬁﬂﬁmm; , oF tensile
o i,

3

ihe pednt ot whideh the tongont teo

the piresssstirain ourve m gaw e 53 X

0 p ddne Joinlng the ew;egim -’t;& i -

byoeaking potat, ‘?e’m;s ;"wenﬁ ik
mmmwmmm by siving eppropriate
valuos of ptross ond sbrnin.

The poink @mﬁwmg at tho sbress

plhven by i‘;im intareeetion of the

At*«iﬁmﬁwm et bhe opdgin with ﬁiw tangg‘mt

hm'm*sg; Aeast apn o the mm:,s&.unt,r ain

mm}:&v{;&,a




Compressive o= Che rotio of compreseive stropg to

modulus, Ee, , "agmﬁraﬁaivn-mtvain,‘axaremmnd in HOIG.

| | . : S Juaitﬁ a&.ﬁeﬁmimé mocnlue .

Sheoe notulus {(n) = ﬁha‘vmﬁia off shepr strose o shedp
&ﬁw&gn, the sheor stradn heing

' m@;mn?aﬁ dn vﬂﬂlﬂﬁﬂ, &gf/&m o E/ten,

Denging modulug, B=  Tho ﬁiema of tho hending stressestroin
ourye ot the opigin, ket on’ s GE/ Lo,

M@m&nﬁ‘uﬁ Inertio L.  The moment of inertis of o mrﬁﬂﬁmf
seobionald arcn with prespoet Lo thn
poutral oide of thot sccbien is dofinod |
o the lmit of tho sum of the product
of wha ml&mﬁwﬁary area&}inﬁe which the
ares moy be poncedved to he ﬁivided; ondd
the ﬁmﬁave of their distonces from the
given oxis. The dimension of I s,
therefopre, the fourth power of & lincor
unit, ne, for exanple on’. |

ghrodn sodulae & The patio of stress te ptrain ot o

| particulor steroin values  The ternm

shonld he profaced to dndicote éhé Lopm
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Stress modulus o The rotdo of steeoen to stealin ot a
poftdoulor stress value. The term
ahould %w'pﬁwfﬁm%ﬂ Lo ﬁnﬁin&ﬁa'ﬁhé
type of streon Involvod e.ge comprossive,
honding, obos |

Segont nodulas s The votlo of the ehosge in mtwéééﬁﬁa

'" change in steodn bobuoen ﬁwm ﬁﬁiﬁt& on .
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gbrens, the averogo stiffness.
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‘ o bhending a aoterdal, dbhe eouplo rpqaarwﬁ
“ o produse wnidd awwvaﬁnray Qm ¢m3¢

‘%@émimhéilrigiﬁity - o= ihe r@ugl& required to put do unmﬁ
mwimu, thot 4 unilt angulsor defledtion
bobwoeon the @nﬂw of o spooinen of unidt
longbh, of P . |

stiffnoss (bensile) = The slops of the stress-ctrain cubve

- hotveen the @Wiﬂiﬂ‘ﬁﬁﬁ tha &rwﬁkiﬁg
poldot, Souctines used tt"i ﬁmwm the
alope up Lo certoain m&muﬁm o astrain

wadue, k%?f&n op gR/tex.
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{iece 980,005 dynos 3’
gropne-foroe
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Units Abbraviations
degree Celsius g
{centigrade)
frefixes to abbroviations for the xaamaé of

metric units.

x.10° ¢ Kilo ’ k
Indicating subsnultiples.

x 10™32 wi1nd @

x 10°% nicro ' ¥

Comon Br-itiéh Undts.

:i..rmhv in
feet £t
vard yd
CTorns Symbol
work, energy . W
mmnt of inortia ‘. X
radius of gyration K
Toung's modulus I

B‘iiéar ‘m&ulus s rioidity G

bulk modulus K
bending moment M
torgue , T

coefficient of friction

standard deviation a-




CHCRTES Lo INIROPUCRION

Thia'thﬁﬂiﬁ is tho result of weﬁk on the bLending of
toxtile soboricls undertaken te obtoin ancwers §a~ta¢'
ﬁal&éwing ﬁ&aﬁﬁiﬂnsn
L. Ape Ghoe _x%‘a‘in@f; 'a:ai.-’ the tengile, bonding, and comprossional
mﬁdﬁli'ﬁﬁ & fibre the sope’ 2
2 fan the value of a beasile wodwlns bo uged to forocast
the resictonce o bending of o £ibre, yoen; or febele?
de Bogs the ranbdng nﬁ?l Tibros Ey sueh noduli agrooe with
the raaking of registonas to &nmﬂine obtadned wy sthor neans
f.éueh an ﬁt}lsf‘mnm and pdgldity :xxezmwwimam;

Tho benddog wm;mm*td os of o poterdal dnclude roeovery
from deformecion as woll oe resistence bte doformotion, but
this work hao been conffdned madnly o gspects of resistonce
to bonding, o ﬁtﬁerwﬁﬁa &hﬁ ﬁﬁvmm of reference wonld be too
lovrge for one dnvostigoation, it seosed log Acnl to ptart
with the propertics of a fibre tnd to attenpt to ahow thot,
withdn experinental limits; the values of the respoctive
godulld vere similord If this wore the case then the volue
of the tensile modulus could be used to foprccast tho bending
behavionr bedng the valuc whieh ic the coplest to neasure
o5 well es haiug the post uwidely hnown. - Atbention conld
thon be turmed to yai’xk ol Yabrie and atbenpits nade to |

foreooost tholpy bending bebhovivur from tonoile nooswronents.




ﬂecﬂuﬁb nf their. frequant uaa, and beeouse it would
ba hapad'ﬁhab su¢h Lnawlndg@ might ﬁrava uelﬂful in
aubsequcnﬁ evaluatian ai rasults, whern apprnpriata cartain |
other parnm&bﬂrﬁ such as atiﬂfnesa and flcxural rigidity
would oiso ha maaaured. | |
“ A surwey of litevatura has been rade ond u&ttar
: @nnaxﬁarea rel&vnnt tm the subjuc# af hendmng s be
| alaseifinﬂ undgr suitnbla headings.~ haferencen rclevnnt '
to theaa headinga hava hean yiven.' ﬁny rﬁfavenae may
also gantain infgrmatiun suitable for inaluaion under
'nnqther hanaing, and tharefure sone rofaren¢n$ have been
givqn nn nere than un¢~ugqnbian,-’nﬁlternaﬁmvely to avaiﬁ
undua ﬁepéﬁiﬁiﬁnisnfiibiénﬁliﬂfﬁ#ﬁﬂﬁiﬁﬁ'hﬁy‘héﬁéfEEenf@iﬁén“
nbﬁut a vefcrenca Lo anabla it tq be usuﬂ ot af cantexb
whiere nanashary. o el C =
in Fart i, the nxperimeutnl work en fibres Tos bﬂen
deseribed. Results are Wiven far all materials tcﬁted
| ﬁﬁéﬁa't;csa rosults are indxcative of & nrnperty at a :
.naﬁcrial, or are otherwise ﬁans;marea aiwnificnut¢ : mhnnl‘
fre&ultﬁ iro given tn illustrate tna effect af a vaviablc,

and 311 ﬁhe maﬁarialﬁ %ould bchave :n a aimilav maﬁnﬂv, ene 

,matavial has been ﬁalected. o




Ideally the same matgriql(ﬁ) should be used throughout
in fibre, yarn and fabric forms ‘This was not possible but
an attempt has been made to ensur¢ that any material which

| was used Qcéurred»in A number of experiments, the consequent
| overlapping leading tuispma.ﬂggrea of cantinﬁity,
Mbnafiiameﬁt materials wépe selected as being most suited
tn(comppasﬁive testing and have been used in the section
.deéling with the tensile and compressive modulus., They
were included in the,next_sectioﬁ and the value of the
bending modulus of each filament was determined,

In part IIX fheufange of the work was broadened to
include multifilament and fibre yarns. end finally the
sclieme of work was exhénded‘stillufurthér sq-that the
bending properties of sﬁme fabric§ cdu1d»be considered in
relation to thei?’ﬁensile'prdpertias. Gertain other -
paramgters"nfytha materia1s"wefé;ai$Q neasured and comments
on thg results have been made ét th@-éud of each section.

| The results of the praéﬁi¢a1 work hove heen discussed
with reference ﬁb'published work and the appropriate
cohclusions drawn. o

It'was_deﬁided to place all tables and figures within

the text as near as possible to their reference note and to
avoid undue dupldcation; with the result thot some crosse
¢heckiﬁg will be necessary. It is hoped that the presentation

will allow this to be domewith a minimum of inconvenience,




| CUAREER 2. SURVEY OF LITERATURE, -

‘i vhe Bonding, Poneile, Conprowsive and Shear
aduld o Fibros. |

"2, ' Factors which AfPect the Valuc of a Modulus,
3. ° Other Properties of Fibros which May be Influenced
By, ob De a Neasure of, the Derding Property

of & Fibres

b \ ﬁén&idaraﬁiﬁn“ﬁﬁkﬁhé‘ﬁéﬂﬂing'?réyébﬁi&a of

Yarus and Fabrics,




CHAPTLR 24 SURVEY O0F LEITHERSTURE
s

YNoats stondoard wupkﬁ on the propevbios of mubiy op
amnﬁain.@ seation dealdng with the clostio $Pﬂ§e@ﬁiﬁ$ of
mﬁvﬁriﬂiﬁg &ﬂ Wnivh thﬁ elagtic wodulld are defined os tenilley
CORHPOE &&v&, and tersa&na@ or choosy, ond g redat lﬂnﬂh&ﬁ
botueen st and stroin e doveloped leaddng to the eguations
shown undop @né appropriste definition.  The steadn presulting
P appided mtraam iﬁ hﬂunraﬁzj conglderod only la the plane
pad dircotion dmplied &n the appropriate Q@wiﬂi vion and mothod
of tonte ﬁngﬁhe,eaéé of o fibee this &slﬁsuaﬁiy»ﬁh@ sojor
oxia of tho fibee. ea@@gﬁ where gheas do concos racds
Lhe ﬂectinn ﬁﬂa&lﬁ& wkﬂh thie Lezd¢nw;a§ja boon howoves
widld usually ﬁ@ﬂtﬁ Shat whan Lhe beam dyg ﬁﬁﬂﬁg”&i&hﬁ? A8 B
cancilovery op méﬁn'ﬁuﬂﬁbﬁﬁﬁﬂ‘a*;ﬁﬁﬁh,ﬁﬂﬂﬁg tﬁé#c\i& 8 neutral
oxip tho moberial alwove this ax e &Qxﬂg exbended uaii& the .
ﬁat»*ial ﬂalaw the axis is aﬁmp?aarad. ﬁaanﬂming o Abbot et ol
the foot thot the nuuﬁra& oxis ﬁcguwa at the geomotrical contre
of a synobrdenl ﬁrmﬁ&»ﬁ@&%iwu hok novor been proved
QXpérimcntaliy,‘huﬁ wany workers hoave ﬂaval&péﬁ’ﬁa@h@ﬁa bosed
ol ﬁﬁe‘ﬁﬁ un&tx&n that pr@vlaad the anouwnt of strain is low

whe hﬁﬁﬁﬁlﬁnﬁ 0? rla&&iual phgrim aywiy,even for cunisteopic




petorials such o ﬂa&éiia fiﬁv@é; Howover Corlone 2
and Sutinde et ol 3 'é@t‘mmmté@ whot dn bopding, the ismsxéz
tséznﬁiﬁgg podulug vothes Ghop Young's wodulus ::-;hmam be voed
for the @ilﬂﬁfiiﬂ mdiﬁaé ﬁi-‘i;i’z:m vhe Hookean region boctuso
for th& o Lerme Bo be ﬁyﬁwnﬁhﬁﬁﬁ the moberial wonld
n uiwa m Lo umt: mmuﬁz ;md dewbroplc. %i’crc;a.:iwa
sbatod t ot when a fibre ie bemt the elostic poculus called
mw play is the sane 'Xaungg"es sodulus ¢hot de duvolved do
stmf;::&iin;g -mwiﬁg:d that the fibre de undform in proporty
néx’m:ﬁ tire divmeter of the filre. Gimdlardly Khoyott ond
ﬁiﬂ'mm’barm&n 5; and Sen § s cotisidercd thot the value of
'wa. :t‘:.ﬁidi‘by of & £ibre wos conneeted with the volue fop
the ‘iﬁm{f*ﬁ mﬂni&w of the ;mtmrim, asain with <he
rescrvation that the relotionship would only hold Cor
homogencous isotropic moterials. |

 Thus it wonld oppear thab in any study of the
mﬁ;&jﬁ,ﬁﬁﬁaﬁ i’m bending of o textile noteriol considersiion
_';&mss to he .gg;iirm to the extension and coupression propertics

of ﬁ%aé,ﬂs ﬁmtﬂrial but thoe bLending tests will bo desoribed fivct.

' ‘Eeﬁewn@eﬁ- Lc: amﬁiﬁ mothods of testipg thoe rosistonco
o bending of a {?ibm’ S0C BUROrous s Ehavatt ond

Chosberloin © , Hen s and Gubthirdé ot al ’ used o




cantilever ;{axfim;lzai&:e where the flexured sdgidity of the
£ibro is given Lytw - " | |
I i
- 30
where G & flemueal PigiQity L = looded lenpth of flbwe
F o dovlecting fovee ' d = dopresoion
- 3% Ghe guonbitics oro enprosted dn Gegese undbog thon G
46 0 undes of dyse " andy for homogoneous isetropic
Cmoteriaioy i connectod with the Youngts unoduius by the
pelatdony .G: = & Iy vhere B io the Young's botulus, ond
Iie Lhc gmme:‘:ﬁz*iml noment of dnertia of bhe FALPO CPuse
seetion.
corlope 2 desepibod o moethod using a Pibre ag 2
Leom supportod ot cach ond ond loaded by ‘gs' velght ot ids
centbre such thot the modulus of the fibre io siven by ge
wd
, | 43 yx
Ehﬂ-ﬁ“@ 8o Young's podulue of elosbicity
W 3.«3.;;&&1_ on the ooatee of tha bobn
L = leogth of tho boon bobuctn the supsords.
y = doflection of the Loon ab dts copbto
I o= goment of dneptila of the orosgescotion of the beom.
AL @mmmmﬂ Agada In Gelebe- tm%sn
This equatiaﬁ follovws from the oguoation above and the
nothod in fact allows the &?‘zﬁmﬁm‘&m&xﬁs of the flexural rdigidity
of the fibre if the dimensions of the fibre cre oxeluded,




7 _
Cariene oleo suggosted o ring loop mothed,
oviginolly deseribed by Péiroo 6? whoere the floxural.
edgidity of the fibre in given by tho relationte

Gekw 1 Coud/tont
whore G = Plesuwal pigidity
| k= conptant = 00047
w & applied load
L = pivcunteorontiol Jeagth of undistorted ring
& = 405/
d = deflecobion of lower tnd of if‘iﬂ{;‘g wador
action of applied loode
Wﬁaéxﬁ: W ds given in g?;“l*&lsfe:mﬂ&;: and L ond d sre din
coentlnotrosy the i}’iméuwal rigddity is derdved in ura:l*t;s-; of
eF : cf:sm?* i éud hos the dimensions M 18 ‘.jfs;""*g aks - quﬂ.i“‘vm by
‘{,iw ciaﬁ?:m;wioxm of thig pw;mc.«i‘ty.
’ C¥he value of the clasbic modulug n:ly he obtodned from
P E;;-;sggze.a»;m:::wn,- G = BI where I is agodn the sopent of dnortia,
.""'-”f‘mﬁﬁfim' sethod of measuring tho presistonce to bending
b 'fmezi gdven by ‘Bakurada and Pugdun Qﬁ;ﬁ basad on the
Simb:iliw ok ;;: loaded pilloere The volue of the flesural
rigldity is the guontity .@fﬁmaim;c&,- the %taiue being caleuloted
from the 113&14:{«%: ond dlopeter of the piliar, snd the deflection

under & known loode




243, 6f these rothode relate to the bending of single
Zibwos bub thero oy he practideal Linitoations dn thoip
updide mmn. sen © nead o nanbor of fibros dn parellel

,z;wg?mgf;mzm L to wosnify tgm load deflection effeot, while

gavdone 7 sﬁmwea_{i thot o sunbor of loops dn porallel could

be used &0 i,hai, mwx&ﬁ oabion 16 also posgibleo by this ccens,
‘;a‘sm se mﬁ«h@m con also bo applied to poarps with the

zzzeammmmfxt ef flexural pdgidity beding fairly cosy 4o

Qg 03 wpldeh, CSho @3 fPiculty in c:a:im:i;&t.ﬂm; e vnluo of the

Bending mﬁulua of o yarn ldes in the eﬁmmﬁmn of the
1:1:} cei.’ 'ﬁals& moment of inevtia but the advantag Lﬁ ansl
g%;le;sadvnmu wes of yarn iaemmw wiil be mnmﬁmwﬂ in the
*&*;-pxic;priaw- section, ixbension of the prluneiples to the
ﬁaatmfs of fabrics has also Leen dci‘erred at this stage..

i;ai‘ere;mm to ﬂ:?,.&:%nuﬁ sevhods of *amwumu.mta off The

\3.\&:‘;1{;1‘5-{11 e . of & fibro Lo 'iﬁsts*nﬁimr ape aled nuuersus :zm”

alehough 4t was xmh ;gmmzaz;m mm t&%is‘ vorl vould im‘:h
siynonda o samm*mxsi, M tw e &on hic r::mu ?:.:ttﬂa.mﬁl*;r hecnuse
of pb s&iblo considoretion of theip rvﬂuitu in :;x lator rcct;a,cm.

. 10
Lﬁc;i'mw was peinarily concorned with the mocsupenent

of the donping copacliy M twaﬁl am ethor toxtdle fibrog,

bt he hos desceibed a mtaimd of ubﬁa&mng; Young'a oodulus
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‘of bembting by eseiting o £ibee to rososate ab dbs

fundonenasal fromoney. The value of the modulvs con be

pbbadned frop the equatdon

B.osr 83,8 SR
1, B Odel @ VL
skl ik i 3 'ﬁ:' LR S >
ne

tg,}@i‘ﬁ g o Y(}ﬁﬁﬁ‘ig_ hmﬁamg off ion ddng, dyncs fﬁi"l&iﬁ
e = ‘?2{?‘3‘?33{3&% of Libve, o ﬁ;z,za‘?’

Y = fundapentol Seoguoncey, cycles/sec.

L = Zength of £ibpo, o

‘ ﬁs = dionebor of £ibkc, ome

.on s |

ebove and also doveloped o pethod based on o woghing-hoan

wasdliotor, but voes primuedly concorpmed with the use of

roosnpenents of donping eopocdty end elostie -ﬁﬁ:;wi%éisf_ima in the
ovodustion of Plowwal Fotigtics- ‘

Gutheie et al ’ 4 using further modifdettions of Gho
sosononee Srequency vebhod, measured the Lending rdod &_ﬂg‘;
of fibres ond compared the dyncnde beaddng mpodulus with
votuos which had been obbained for the stabic pending
poduluse  Volues for the stretching sodulus wsdng o QLR
tester b o vate of lopdiag of 2.8 géﬁ/ﬁﬁ%i&%}éﬁia&uﬁ&

vore also givens
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. Kaprholm and é:‘ssiwﬁdep ? oleo used Ghe resononce
vfrequem}y methed antd meamared the bentling poedulus of nylon,
nodey YiSﬁﬁSE #oyon ond wool, while volues for the dynomde
@mm of wool v and popy othor fibees mam also availoblo,

Rongdle Modulus
Thin prep nrm of o filwe g so u dl known ond widely

'uaeﬂ uz&zt it is sopewhot cuppedging Lhet at this tive ﬁimre
ds ne &:‘bandnm niethod of reasupesent. The neorest ds tho
ﬂ’ﬁti}(‘kﬁ mw:imai for deternindng the (bropling) streagth, tat
tm*aa:i.hh };%&}:’.i;an 17 s Horton B | Hoarle 18_,' and llanbupgoes 1
Lave nlso g::i\?en detadln of gém*isimam* mﬁkmda ¢ The modulus
has hoon defined oo the ratio of stress to stro in, ond - he
resulie ﬁz::gmmmd as pbross pow updt aven of orosemsectlion orp
strese divided by thoe naos of o stendard length, and valuos
Fow Bhis gimgz«emy of diffeprent fibros ore soadildy avai“:!,m:i%gf g
& nunber of authors M\m mwraeu 'wzlum fw the

' tem:i.le sodulue ond bemding o ;;mhalm of o fibre but thore
doos ;mi; Boom to bo any g;‘em:mi aorcenent on the exaet
relationshdp Imwaen i‘;ﬁm two values,

2‘3@?&&1&1 tmm*:!.dm*ﬁd thot the value of the bending
podulus shonld he gveator than tm-a tensilie nodulus due to
the anisotropie noture off the fibre and Guiheie ? agreed
with this provided thot the vblue of the bending modulus

wae obtained by static nethods.




%5 - ' . .
?zi.;;:iaymx; sugaested that the two values shonld o

{ihﬂmr am:s Carkem 2‘, dn ﬁam, supported this miﬂt of
viow hut:. mmrﬁm mz imbmme vhere Rhe value for the tensile
modulus wae lowem and. g ;;*;eai.m‘i thet this might be duo to
o difference in the size of the filamont, |

An instonce where the tensile modulus volue is the
‘-hﬂ.{*’h&!‘ is to tm i’oun& in the wrla mmrﬁwd by Lhayaw and
"‘mmrmer}.ain while Deste and iloffuon % guoted the ratio
of benﬂ:mg Lo tensile nodulus of o polyecmide to be
; 0-86 0314, and for pulyethylone Lex‘ephthaluta to be 113 202,
€3tshnr meinna have been quﬁted by vm*;iouﬂ autxwml A0
ond it woum appear that the order of result obtained,
uepmﬁs ve:-y largely on thie pethod of test aéu;:mea, o not
unexpectod sonelusion in thd ugm of loter coni ﬂnm on the
foctors affecting these properties of a fibre.

By comporison thie Qra;mﬂzy off o fibre has boen
neglected ond as o reounlt there are few peferences to test
method,.. mm details Lhave boen glven by ﬁnc.kér * bnd
triles g m;;; the ‘unitsa for the rodulus are the scne oo thone

usced for the tenslle rwﬂuizm .
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Buth Backer and Milos euggested that the value fop
cospreseive modulns wep bolow that of the tepsilo modulus.
They consdderod that tho hedpht diamcter pobtio pdpht affoet
who sesull ond sboted Shiot shors were & nuaboer of
experinental difficulsios such ap ond offects, buckling,
and £he ﬁatisfabteﬁy nounking of the test specimen.  The
anly othor ?eﬁerenca found was to wvork hy ﬁaabyag whio

Csocobded the Younpgts modulns of heratin in comﬁb&saian to
B approsimetely twice thaty of the tonsile mﬁﬁaiuﬁg'
| It would ppponr thepefope thot boforo the relationship
botweos tho bending nodelus; and the comprepsive modulus of
a fibre cen bo considered the exporimentol diffienlties in
the neosnreaent ¢f the conprossive nodulun have o bo
dinveatigoteds,

Geporal soupces op comprossion testing duclude
, 34 . R 36
Radad  ond Frischslay , while Cook ond Lorke . congidercd
end offoctn, cones, and height diomoter ratio in on

investigutiof into the compression proportics of netals.

Barly rocords of ﬁegﬁiﬁgftaarmnﬂpimgypﬁ a fibre

o . et 3T 38
wader torsdon belong to Fearee ” and Sposkoen © while wmore
‘ o , ! 39
reoently ottention has been remewed by work by Mercdith
Y] 3 .
Ray and Guthede et 81 o The torm implies sheer strain
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and it ie not expected thot there will e ony dirvect

corpclation with the bending preopertics of paterials unless

thie conditions of bLending contodn 8 shepr component.

Moredith s and Nay ul} supeested thot the ratic of

vensional o torsionol sodulus might dndicobe the degree of
;  onigsotrophy oy cruwstallinidy present in o £ibro.

There hos hoen greater abtention nald to the
seasurenent of Ghe topsional eigidity of o fdbres Descpriptions
of the methods of ponsurenent of this proporty of o fibre
noy bo found in the work of Peirco 7 , Speakmon * ond
Moredith > » While Lochnor *° " Mareﬂiﬁh :g,uo s and Guthrie
nave coted values for some of the Libres with,in some cases,
meﬁanaﬁivﬁ values fop ﬁﬁraﬁﬁﬁing anﬁ,hending nedulus,
E@aﬁian_may aleo be sade of the work by ﬂnaaialm » ond
?"ch:ary pid Boyep " . i?amfmm%; vhiich have aﬁi’?e;tiﬁad the

topoional proposties of a fibye bave hoen consideved by

Joncke, wmpémﬁed by m@ﬁ@ﬂiﬁﬁ Y oas having acasured the

~hopsional rigidiﬁy of dey v&ﬁﬁmaa:rayan>mﬁ variéua

Lampmra uraaa afd bv'ﬁpaakman, répﬁrted by &ﬁv&@nﬁl$ to

have- aund 3&%&1@ cuanac in wool fibwve viﬁmﬁlty with initial
gadn of wager, wbrédith ¥ § oo dlﬁﬁ ﬁangiderad the

ralatiaaahipvﬁeﬁweaﬂ the ﬁuﬁulﬁﬁ of pigldity ond the moistupre

rogbin of cotton ﬂibreﬁa The benai%a_apagartéaﬁ of twisted

S I
single fdbres has bﬁam investigoted by Dont ond leorle
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vhile aome nunsidera@ion haa b@en given by Lay " Yo the
thearetical aapeuts of tansile anﬁ tavs&anal ﬁrenartias

»aﬁ textila fibrés, valuce of tho respaativn prnpertiaa
beiﬁg:qaoted« S £ ahnuld be racordea that Flatt in a
gnpcr on some aspﬁata of mtrass analyaia of ﬁcxtila |
structurce stoted bhnh sheatr,. b@ﬂ&iﬂﬁ, and- tarsmaual &treqsca
wera relativaly'minur fncﬁara vhen cumpared with: tenaianal
strestels | :

¥ 5 have writtan twn»papera alsu

taclay and Dounes
concerned with. tarsinndl pigidity. - Other paparn which hove
conmidered stress, reiaxaeion, ¢rcep, ar-entrupy stress
includa.thaaa by lent 51~, Plabt, Lhnn ot ol ° , Golenon
and Knox{ﬁ y aad Price ot nl whu&a papey niﬁo contoined
detbils of thu offect af tempevature oo humiﬁity. . The
mechanical bghnvinur of nylan‘filaments in torsinn was
studied by Hamm@rlﬁ,ﬁﬁd R0n$QOM$&¥ » whe concluded thot
_ ﬁhﬁ‘ﬁdﬂ#ﬁ& of extensiﬁnél_raiéxatxﬁn'ﬁaila_ta predict tho
course of torsional rainxﬁtiéﬁlﬁnﬂep'thm apsunption thot
the hylbn-filament_wasmaéﬁghically isotropic. 7The
torsionol properties of eingle wool fibres with reaééat to
torque twiﬁt»?alaticnshipsg and torsional ﬁélaxab;@n~in wet
&ﬁd éry-fib§ﬁﬁ hove been discussed Ly Mitcﬁell ond

56 -
Feu rhe:tman "
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Vhen o fibre ie bent some form of traverso shear
ﬁtrass mirht be nxaeatﬁd and hencc, depending on the
eanditians ﬁf test some narralabicn botween such &hesr ond
benﬁinﬂ praparbxaa might Lo pﬁv&enb. ﬁpain hawﬁver there
uﬁutﬂ aypcar to be & gnueity of axperimental rc&ulﬁa
nvaxlable for inspcabinn. o
| Finlayson ~ is one of the fow refevences found so
.far and tha valuns o£ tensile strongth and shear strongth
reportcd show liﬁtlc corraiatian. It is thousht thot shooar
. conditions will only be seﬁ up nt“high bending nunéitiaﬁa
with the tnst length, fibre gripa, ancd napner of 1aading
glayxng a conﬁvibutnry yart 50 that aarrblntion maf be
&iffaqult to abtain.

. bﬁcradi‘hh | comﬂem:t:d 't‘;hm: the nore highly ﬁwamxta‘bﬂd
aellulaain fibrea hed a hiqhar shoav mtvmng&h ana that fram
the ratna of tensile to shear qtrenﬂbh it was gnamible to
:epnrnte the well mrientaﬁeﬁ cellulosic fibres (high ratio}
fram the less well oprientated fibves. Values of brcahing
"bwiat; angle were also aiven. zi‘éqme m,temmun Lo, tiw &h(mr
‘ﬁranftléﬂ of’ fabriﬁs in r&latiﬁn to ﬂnbvi& hond hos been
given by Kilby who used a nethod &ascribad by topner.

end LogeUlofeson.




!
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Lotioral compression of o fibre should ultimotely
lead {0 shear, the nothod weed by ?iﬁiaysan57 being in
voaoct & form of high speed lateral compressidon of one section

of & fibre relabive ﬁé\anaﬁ&ar. No reforcnee o lotersl
conprossion o6 sueh hos beon found and it is folb thot,
ap port of thie work invelves tﬁe rieasurenent of the
elastic ;wﬁmg*ﬁi&a of o fibre, on obteupt ndght be pade
Lo measure tlids propevty of u £ibros

There ore o nunber of reforences to the olastic
perfornonce of o fibre wnder torgue, and the term rigidity
hus frequently bDeen used o that core ds required to aveid
confusion with (flexusel) sdgidity, similorly betwoen

topsional sheapr ond lateral shear,

2 - Factore whieh Of§

ihe value obialned in the measurcnent of any physicol
property of o fibee ds known to be dependant on the

eaporimental conditions used. Hence the need for

gtandapdisabion of tepting pethods wiiere such foctors os
apecd of test, atmosphoric conditions, and the dimonsions

of the test sample ove closely controlled.. . %he cifect of

Csweh voarioble factors on the values of elastic voduli are

nioew considoreds
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Setgek of bise streps, ond stroin.

3

. sg‘,@w@?gg& t&;za; 3.*&3&;*;; of honddng reslo *&i‘mm ig Q"ﬁgbx‘r‘s&ed;
igti&”{{:‘“ :a ntpebeestioin wmﬁ@i‘mﬂg whe  Libie tTs wild Le
Caffosted by aﬂy variabion &n Hhe condind s f"sf:%?- téf&t e
| In a1l of fhe m;ﬁmmmt el nethods prﬁ%"&ﬁ?&dl‘*‘
mentdoned whers stotds nossurencats hove boeen gnde, the
pesnlts were quoted ,egbll&“ g ono an;g;:%e bending ﬁg;emi;:{.cm
_ 33'&%’«. wiih ouch we *—%’iaz:‘xf a f:i:xi: £ '*s«amw i 'ixx"i:ex*val .,Pws Beeﬂ~ -used,
Cpudone 7 umd 8 35} ;:iwﬂnﬁ .mtm%w& nefore ruwmm& :
cta a-,f*‘iﬁ Mﬁﬁ lizwé}ﬁﬁ angd ﬁ%‘zamﬁmtﬁaiﬁ _5 120 meconds, .:::v;;znss
o g,hw;: 1o tidme, :lntét*va:*;;- uhiile Suthrie i,:mi;-v 29 sECONIS,
}*mu @1 ko some ot et Lm'zs. Lop tiuo ol wmi. w?mn Gomparing
Qa§ﬁi$§imﬁﬂuiﬂ$ wiﬁh»?iﬂiﬁ%ﬁ?“ﬂndfsﬁﬂeﬁna&ﬁ ma@ulua.
fffiii#l(a;lla,'i IS aﬁiiﬁ,{? another muiiﬂéi; ook w seebida o e
CBdnme, mS s oaned olge ggava volues fop ul&m‘*w L sabics of
ELS edeys -«n& ft”:‘”‘. u; pecond ’é:m*aéiw‘ op&:ra&iwn. ’ 5333"?[ offfe
ﬁ”"&«la 4;,@2%.,1»&0 {mmmgg wmw c::i‘f;.z Libye gt aould. be c:mumrcd
“’*‘m* ‘Mf? 0 .mt} e'walw umu.s.xw i-::xmim* g Lo ﬂ.ma«m, ne ~'.31<§m.
ammexiﬁ i %w m&ucb is‘.’ tdue: otr tensile mmltn Ims
e pado: l’;':; z‘mﬁ-f:*u.iiﬁz ’61 _, ;z;m u;ti..m*n ia,a aad 1"(3@&3&3 6?' » |
Hamﬁerb am: Fmsatgvm g .55 - %mw mnsidwm vﬁ..;h,u oF z;ecisf:s Liy
pelation 3 e wmmn, amd Susich o hos denlt with t;:lm

cffects in the smmmf t wfimzieal cﬁnd&bianing of
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_wﬁtm Sha popadinde of sbtyreas ﬁﬁﬁ gheain davolvoed, Coprlong
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o

Lonvdde £3 ﬁ&?uﬂh\ﬂﬂiﬁﬁﬁmaﬁﬂf&?@ﬁhh‘(%hﬂ“@hna L3 4
onergyy ond elastia eocoverys

26,27 .
Leste and Holfoun  commented op bhe dogorbonee of

Sipe neoesurosent in he assesonoend Of sbiifnc epiy while Gutheric
3 e 1653..3 A < Aty N L .
and Nognan  dn o paper wilth o move dndiroet beariigg on Gho
subjeet kove given data on the tian factor and the desves of
elosbic decovapy Joon ouionsion, Toalidng tdnoes of Owf minuﬁwﬁ
Tor both tdae wuler oxtension, and tine of pocovery, Ghey
showed thot wlthin the quotaed Gloe Ldmites valuos ronging from
226 o 608 could be rceomied s the clostie recovory of viscose
PayOn fr@m 5% oxtonsion.

% a8 mlaa prebable that the tdne offeot will e lianbked
7

vepﬁrtaﬁ that the nf ‘oot of the magnitude of applied load eon

Ghe value of JTlewural pigidity obtedaod %&ﬁ‘ﬂﬁﬁliﬂiﬁ?& Ve

whe range of deflection wsad, bub the looding offont, while
Zgo linded w.lmh Hlme, must affect tho dogeoe of stradn
daponed, wiﬁhi in o fvee systong the evenbual possiblillty
of godng onwowdth tho Leue elogtle limit Oiopk and
&rcs@ud%muxa dorod velotions betweoen lougsh of Tibeo, lood

dmpomed aad Lt tonperaturg, Ghot ady have cone boosdoeg

" w o 5 g 67
o BhLS poant, doddaway and Dowe  hiava nnutvd valucs of

" s

3 - 508 staadn of fibre dn o plont, abvain huﬂnw aptdnoted

as tho rabio of Dibee sading to radiug of cuvvobaroe of thg
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68
5 L Fabpe aewtwu Z!.im:, uhi.'m chﬁmm;er et ai ikg ﬁiamzc,ﬂm

mme aspects m? cz?a.aai.«iq m;!z-.w:i.(mw a‘b Tow ﬁ.tra;ina.

of terperature nd humidity

The effiect of Cemperature and busidity on the physical
propoptios m‘f Loxtile . fabmaa hos oo wo.%:t. mmﬁ.m s but
n.@sﬁw m conuection “Jﬁ.i; tensile mespurencnta, Fop

Py tievedith ', Warburtom ¥ ;  Clerk and Preston

1 R
7 » Hosuell 7 s Favrow

Coplin 6 ¢ Porvaprd and Palmor
j@u%;!‘i\‘pie & s ond 'l':f::hee&;i‘axm and Bduards 7 a eome under this
G og,m-:,r. Droun 76 » tnd Dryant ond Walter " veporked
x:m-& lg‘:m. the stilfnesy temporcture behaviour of Botorinls,

bub stiffness in these cosop wie comparable with the,

ﬁiﬁ.mﬁ’z@m sodulus of the saberdsls.

Anyestigations love beon uodo on the mi‘i‘u:{a ui.
t:am;mmtum ofi the valuea. of the imitial m}umﬂ of
polvebhyleone 7 i ot nylon Penylone and i}rlma ‘."ju ¢ and
bhe ei"feﬁt ui’ Lempor: mx;i‘x‘ﬁ m': tam pote of cm@p faiit,m'a csé;lé”'
68 .:x,ffi@n -;m been invuati satod !35; Colenan ot a1

xmg‘ Aho ﬂ’mz papm's deal;im wlﬁh mand:hw property s
{&m*tm: am’i i’@&i‘c*@ S0 rieaﬁured mim ui."‘”ee:st of izm;aemtu% o -
the b(:m}ing ;{)m:;m'w of’ crem.un over & tomperature range of
6°C = 60% but in fact they were chiofly concerned with the
ef}feéi: off chonges in smmidity on the nodulus of rigidity,
ond flexupnl vigidity.
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e aﬁfm» of | aum,{%’it,y end conec \me“m Pogain on the
sfigiddey of v.&samrm POTON ¥ and u swi » 50 has been discenssoed,
and Ghore has Ezcma farthor ainma splon on the physienl

peopeption of wool f‘.s.bma a*b vopdons mmin a » With roforence

L0 pldoanes e:éavmi.%@pm! ot donstont strodns, and the recovery
’ fiyon ¢ fsaﬁézm;;mn* |

‘ ﬁe’;maiﬁfaratimss off the efi"i.‘mia of ?azminéiw oh the t,,mc::*zsl
‘ alastio g:amzw%icgs of £ibres have boen given by Henrle ond
Potors % s Mepedith B & Smdth » s Mogdnonde o s ond
Hindman and Fox % 3 While o zau_mmw of litopature on tho

L. . ‘ 45
spicture polotions of textiles wos glven by Carlone ’

atazamiﬁc}mt} on of othop i‘mmz’ﬁ uhic:lz m&r*};ﬁ t:r:: @x{aacted
F 6 :i.mmuesmn She hooding f,smj,wrtg off o i?..;bm wod iA BusEent
Lhe notape, ﬂalﬂi}@ and sdze of the ﬁ?:i?m@ zi%:fzseng - Yhoro ore
DRMBEROLS. m*bmiim eonpardng the teasilo mmpt:ﬁ,ina off the
opdons textile filros s B By 15, 86’ 75 88, 89,
Conprar »,m:m of the eigidity oF i‘ibmm m\ra Mrm niade by
Carlene évia SODEC Payon k C”‘nuwia mx:’é g mtaa imsmmi}.
Yalues. é.?‘@z* the bonding codulne have been given by Cordence
fopr visoouo FOyOn 7 and nylon ’ 3 by Bhayeti ond fzj:imm@:scw!,xin,

oy . 5 . 6 - - . 5 N
aad Seny Hop wool - and Jube rospeobivoely, while dynandc

bending rodulus vesuldts hove boen quoted by Lochnor »

o 46
Gubthipic ° 5 ond Rapreholn ond Seiroder — (gencral ).
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In concidering a swterdol the effect of molceular
primtmien 2 s orystallinity 7 » hompgeneons ntove % 3
bnd Qnigtxtrdpitz property & ﬁaﬁm to Le dealb with, ag ciwﬂg&é
in "g’;mﬁa charactepistics dn fibres of o sinilor chemical
alaf;mfiaamm regult in chonges in £ibre performonce,
Hercddth 9? ﬁi#f}ﬁss&ﬁ the effeet off moleoulor oriontation on

, . , N . . Aa .
the tensile peoportics of pobbon widle RWipton  nentionod

a tocholoue Yfopr ueasuping Che change in birefringence
of a Cibre subjected to ducrcasing strain. |

| There ave o ﬁu;szei* of gmpﬁrﬁ‘ which refer vo -poleenlor
structure 4y 92 in genersl behbviour and te ﬁ?mﬁnimé i
mechonicel bebaviour P 959 36 I1,

The 'simgw off the fibre s :i:%a;mrtmé botls dn tho
;wectiwi. et on bonding and in the theoreticol
eaiduiui:;mn. dssupptions of o civculor, cllipticol, op
Hbhor gﬁéiﬁeﬁx_*&ie shope hiove to he made in the eoncideration
of the cross-gectional area of the Libre, while noncents of
dnertio as’ée vequived in tho ecaleniation of bending modulus,

ﬁé(};;aax* ” shated tiot fibre stiffness depended on the
£ibro ﬁm{:@xﬂal, the shapa of the crospssecbion of the fibro
and’ the dender, with the sugpestion thot v:s‘x?:'im;imis ovor the
evoss-ccetion pight bo one vooson for o difference in tho

c ot F

necsured volue of the teneile and bending todulus,
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Coplene - used o rolotionship for on dsobropic matoricld,
f ond, working with nylon nonofil, ossuned o circular crogcw
section. Rhoyoett ond Chomberlain ? have alse. disenpwed
these foctors fully ond defiined thelr cixporinentol lioits
treoting thoe problem ¢s one concaming clliptical Cibres
(wool) while Son 6 # uedng a different experimental technigue,
also congpidered the problem as one conperncd with the bending
of fibres with on ellipticol crossescotion (jute)s  Sen
quoted Smith 8 as saying that the offect of the shope of
cross~sectlion on stiffoess ie very siwll compared with tho
effoct of the sizo of the croceesection, the motoriol, ond
the structurc.

Guthrie ° » Working principolly en cynthetic fibres,
gove reasong for adopting the sope method be #haﬁ uoed by
Khayatt and Chomberlain.

In o general context some shape factors for various
cposs=ccctions hove been piven by Meredith ',
| The e¢ffect of the size of the {fibre hos been discunsed
by Finlayson % in o survey of the offfect of filonont denier

. : 8
ond disneter on tho proporties of textiles, and by Meredith ?

who illuctrates the effect of dionmetexr on the cose of

83

stretehing ond bending & £ibre.  Smith and Coopor

hove olso made somk general comnents - More specificolly




ﬁnvléne 2 pentioned thot the value of t%e}héﬁding nodulus
of nylﬂﬂlmﬁnefil increesed with ﬁ&eréaeing'fibré-ﬂiametar
angd in ‘some 1ater~wark on ngntinuaua fdlonent ?iaéase yarns7
'eanc&uded thaﬁ t&a relation&hig bvtwwen £iloment flawural
rigidity ond. fiinmont ﬂenixr cuuld ha mxprﬁvmpd hy the

equntiwnawA

i

¢ = k. b |
where G waa tﬂe.flﬁxural rigiﬂiﬁy, j S cnnhtant, B the
sxlament ﬂcnier ﬁnd n an intes er IQSh then 3, tha value
eapectud £ron taunrnﬁiﬁal coneidorations of ehu hc&ding nf
| hean of on iﬁ@tr@pmﬁ matmrial. ﬁeg&vﬁure frum the
theoretionl valuﬁ benéeﬂ to be gre&tor fopr hi@hlg serrated
gfxlnmautb ﬂﬁ?iﬂ& hreater mriﬁntﬂ%mun in the Skin than in
‘ahe care.: _ ‘

| Guﬁhri& 3. onkthe other hand, aﬁyarently &aa quatnd
the Eane va1ue of uenﬁin modulus for nqun.ﬁilamcntg'§£
‘¢¢f£¢r¢nt diametor, | | _ ‘)n

ﬁnﬁerﬁnn 99was eananrne& with the r@lmtiﬁnﬁuin hctween_

‘3ﬁue atrenﬂtu and diamvter of wwal fibrvs, ond Hertel
ﬂanaiﬂared the &tvenghh of 8 gatton fibra aa a funatien of
Qibm 1(3:1 "bh amﬁi &mﬁ’a lengthe. _

it as pﬂﬂsiblﬁ that tha 1enﬁth o tue ta&t &ﬂeﬂiuﬁn

anﬁ tna dmamater ﬂf'thﬁ fibre have ta b u&nﬂ:ﬂarud together




245}

and that~in benaing different rodii of curvqturuiand
efﬂcot;ve 9ercentagc strain are 1nv01v¢&. The problem

may be cmnneqtad wita the of et of tne ueight* diatcteor

rntin tu be Lonsgdercu in tengile ond ﬁﬁxwrm ﬁimnal
3, 32

pedsurerents

3e

; ofirihras Which Moy Be Influenced
By, Op Be o Measure of, the Bending Proporvics
of o Fibres:

Aw Dending o fdbre dnvolved strelching o least

pars of tho fibrg, it ndght be oxpected that othor teneile

proportics besides the initddl modulus would give on

_immmmﬂmaﬁ%mapﬂ%&ﬂehmﬁﬁw{emvmmvaﬁa Libre.

This torm secms to have been frequently used to

denote tito degree of resistance Lo bending but. thoro appeors

to be o possibility of some confusion vver its actual

dofinition,

Stiffnces hos boen uscd o @ descriptive torm by &

2y 59.65 75 8, 24, 25

numbor of workers to signify on increase

in resistance to bending, £loxural rigidity, or bending

modulug 6

6 - s . 77
7 » And Dryant and Velter »

Al uacd Ly Bpéwn
the term is comparable with indtial sodulus being defined
| , , 25 L2

as strees por unit strain wherens Pinloyson ~ , Roy
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? « Peffer to ebilffnens e sbross por

Gl bl 83 ¢ omd fHordo
brochidng ctradn.
| Peste ang Hoflffaen 27 sppply o popeible link beolueen
Chose defindtdons by sugeeeting that conpldoration npipht be
s&v{a o the stress-otrain relotionship through the range
of strain, oad suggest bhe uee of sueh teorns op dlminishing
mbt!}ulus and mmpliance raotios

Im;pemtim{ @i one seﬁzscsﬁ resulte would suggest thot
t;%w fibres are ronked dn the mome order by tensile modulus
ond stiffress but further interpretation would scem to be
pecessary as theroe was not o ginilar coprelation when
dnnpeotion was pade of the values of the modulus of |
miaatiﬁity ond sbiffness glven by Horvis % +«  Dmong othop
experimental variobles may be the question of comporing
unlike units,

Fiﬁal&y the 'beﬁm would appenr to have Leen used in
yet onother scense by Dostwick et al o when they éismmae(}
the influence of bending end sheardng stiffness on bending

deformation,.

VYalues for the toughness of various fibres hove
' 24
beop recorded Ly Heiedith  along with the values for the

=

Youngts motdulus ond torslonal modulns for the somo fibres,
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Povghness was doffined as the cnorgy per updt nass o

pupture the fibre, cquivalent Go the ovos ander Che Bhpen=

obadn ourve, Smath 83 izﬁ;&s ldptod the toushmess dnden ond

averase gUAY f ness of & wide gange of fibres vhille Coplon 69

in o poport on tho ;mé?%m; of bamppovabura on boxtillie n *‘tﬁr&,nm

gove a eonpardson of She onorgy of rapbuers ot o pacbioulop
pupburs Lencedey again fop o vonge of tentile ::mﬁ e

. o 16
Fuarbher values of tonghnesy bhave beoen gouotoed by Neredith

| and Baouwedd A,
| Boailionog
é_,mimu}ci‘:m{,. the eomprassionad sarc;guz*t}:kag. of o fibeo
i:?iem apre mony reforencos o the subject of Lhe reoilionce,
but it is necosgory %.f; seporste those thodt hove boen
conslddering penilicnce s resistobee offored to bending,
fron other work vhore recovery frofn benddng hos been tohen

7, end Hoffeon

ga readlicneey Dogbto and ﬁ@?ﬂma; 26
hove mode o etudy of thia g;amgmnﬁy fron Loth podnte of
view, They considored that o Xm: veniobbnes o boading
invelved o anz:lwwe of the stiffnese of the Libee, and of
the change in sbiffness with olongotion and tine; roforopc

being nade to o "dimindshing podulus® oinee o phorently

tho chunge whe venally, b nob always, towurds lovor

ebifiness. Complionee of Gibres vos telien a8 straln over
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sﬁress, equivatmm to ttm muipmcal ui‘ atiifmss, and o
tern irompliance Ratdo nwlvad wh:mh was then ¢ompamd witiz
tﬂﬁ Lensile prnﬁeru¢e uf a numbor ui éitzcrent Eibrcna
nxilanaﬂg'ﬂaa ngau Fel numhcv of usoful rnivvﬁnews to
1;tcrnture def nitmons off rusiliexue and namn to tne
conclueaon thnt the raqorit; of warkara lnd used tha rat;o
of anerry of #ctrnotinn-ﬁo ¢nﬁr§5 0f ns?ﬁﬁnatinn ol
i‘ eatmve of the prnperby. In a paper on tuc ovarall
ﬂpﬂﬁif:ﬁ vulumc, aampraasibility, ond ﬁuﬁilienea of cotton,
wqol, nylon, vmacns¢, end ocetote fibres, Rece umugfiued
.Gpﬁclfic volume as the ratio of all over volunc to the
waight of iibre, camprcsﬁibility aa the percentage rcduetiﬂn
in volume as the preasure oxorted wna &nﬁrcngé& from 6,001
to 1.0 1lb/sa.dng, nn&'rrsi%&éﬁca 7] ﬂmfinbd>nh5§w; -ﬁaswellzo
Lins & chupﬁpb on compressionad ”0&11&8“@@ in whmvh rcfurcnce
is nade to wnrh hy ?a&sie u%i% on tic auisinﬁ aﬁd uncngling'
of a spriang nnd vnluns are quoted for dmiforent fibres,
wnilc & general diecuvsion on the COnpres m;cnal nchaviaur of
'Lextxle nabvrxnls has been given by Finch :ns’ anel rufﬁrence
to the coupross ability of woel has been mode. by Vdﬂ %yﬂk
Mark o dealt with b%e vesilienoe of & textxle fibre
108

ﬁrom,the peint of view of tae nolecular structure, uhmburgcr

intraducﬁd the coneept of the relatdonstip of rosilicnce with
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the e&aat;in nmwmim of o i’ibﬁe& dealing pore spcei‘i?icdlly ,
 twith compression in a mtm* arﬁ:m:le » while Mubschler

~hos {vwcrx aeﬁmla of the changes in bulk ﬂlmticity of

| *’.&hms dur:m:f gawcwwmm;,.

'ﬁim tem’* Bulk (!Gf.&pt‘i”‘ﬁ» sdon nay be waed as by Pok and
l“iﬂml " ;wm - q‘tmﬁm msmlﬁa -tnf mm;émkmima and work loss
ftw ﬁyiﬁm‘ I}iiémn- and Orlon ,aml b,,r de Medarty ond Dusenbury o
who xwm conecrncd with the bull comproteion az. (*E»amctemfstic
of wool fabresy ,:"ﬁhe;t-,r“ fg?b'm‘uﬁi thot the mmiaﬁamm to bonding
w06 move in keepdng with the improssion of handle or
' ?a@gsﬁ;z:{;‘es;ﬁ than tho ﬁiﬁﬁ&ﬁt‘xi‘*@xméﬁ od! tx‘cs;;iiiezm@f az'mi also
recoried fm. mwxme re! \,ahimmm.:p Dbobvoen 'L;ac. 1@ 18 aoplied
and the mm f’a.bxm Qiarztmﬁr, o R
| The ﬁ@xspi‘(‘ﬁt;.&b:tliﬁf aff gac;t*jluz stop 3.43 L’ f;értez undesp
luytsy ﬁc;ﬁ xzmw‘ubl@.zﬁ hos beon muxmﬂicrm Ez‘y i"i’c lm*um snd
Woed e while Fioeh w congidored tho seasuren et wi‘ mm
| mmpzvesg;iénal bohovions of textile mﬁ&mhﬂa ot a constont
rate of deformaticn ,é'nc‘i tho measumn ent :a.m m;w.g,wf:;axi{)n stress
pels xmmf,@ o constant o fornnbione. \3;2‘3:&?-'!‘3{3{}%}3 @3‘!} sémwﬁd
that thin work Iﬁ};&t(’:ﬂ_ aluont on wmm&y fie m&i‘:mﬁ.ds in
fabpde fopss |

Thit i»lw:nt:} J,..: n u:.d o pabionnlics o \’u.& itions is

" o
Showa b i'w’mbe B B £ plpe 1y iﬁnwm& and Wo m;:x. who
K JELS3 ‘
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gave values for the resilicncy of wot ond dry fibres as a
function of temporatures %ﬁ&péﬁﬁiﬂn showerl hot the
property refevreﬂ.ﬁéﬁya& tensile clagtic recovery. |

Llastic Recovory

The clastic recovery of a fibre is o ﬁﬁapﬂrty which
might be more angr@priatélyxéansidereﬁ i the reeavgfﬁ of
a fibre fron ﬁendin@lﬁas?ﬁaiﬁg dealt with, bubt as there is
tho connection with bending it s dneludod brieflﬁ at this
stage. Thepe are & number of goneral refercnces 26,06, 07,113,118, 115,
but thore does not sean to have boen any othenpt o consider
ony volationship between tensile and bending recovery.
Hoffmon and Boste 26$tateﬂ that the recovery foctor
qanﬁributed\tp the hand of g fabric ond certainly it nisht
be expected that o fibre with o high tensional olastic
rocovery would alse hove ¢ high bending ﬁl&aﬁid~re¢svery
poseibly leading te ot inpression of stiffness duc to the
rosistonce offiered to bending,

Following £rom the definition of resilience, if any
speat degree of correlotion were to bo ﬁatahiishéﬁ between
tensile ond bowling propertics then it nwuld ha intercsbing
to conpare the tensile reosilience feasuired ?ram 2 Bbtrense

strain load and recovery curve with the bonding resilicnce

ot sinlloe cbtroin,.
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KnétpStrenggh.aﬁd.Lﬁwp Strength

Other f;bre propertxes that depcnd on the visco=
elastic behav&nur of the fibre Jmeludc knot and loop strength,
but lxttle evmdence of published work on cxther has been
found. Pla ne and Harrxson W have investlgated knot
strength but wathoub issuing a public report, while values

6
of loop strength and efficiency have been quoted by Coplan ? anc

- some values of knot strength have been given by Kaswell 20

As both of these properties must be nffected by the nltimote
bending propartics of the fibre, it was consioered worth -

while recording such propertics wherever possibled

Fatinue
&amilarly some connectxon might be expected betwcen
the bending behaviour of a fibre and the response of a
fibre to repéaﬁed flexing. Lineolﬁuccnsideréd the flexural

fatique and #iscorelastic prdperties of wool while lefferdink

) 153 | , o |
and Briar comuented on tlie effect of fibre fatique under

wedr_conditions, but in neither cose was very much made of
the effect of fibre diameter, radius of curvature, and
effective strain. It would appear that further study of

this aspect of bLending behavidur‘is necéSsary.
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4e Lonsideratiun of the nendiuﬂ Proncrtigg g ana
and Pnbrics. R

Fluxural rigxdity is the most neudl tarm used tﬁ

nnararterise the bending pruperﬁy-of o yarn, anda method of

\ -8 4 7
sand Corlena

usdng & ring Joops . Cwaper 2y uainr loep tosts, expressed

hie réaults o equdivaleont bendine lendtha qm dofxncﬂ DLy

Pawrcn » taking nccount of the increane in denier of the

cantinuoua filamcnt yorns duo ta yarn rntr&nﬁiun.

?hare did not eppeor to he ony gredt use of the tern
hcndinb modulua as applied to a yarn, this Leing pcrhapa
not: surprxainy as there was eyually no recovrds of the value
of the tensile nodulue as such, 01l volues beidng cquated
to fibre terms. ‘he reéabns for this will be_ﬂiscuﬂsed
in o loter seetion. | stiffness hos been used to deweribe
both & hendiné’zénd & toneile 76’1_00 chovactopistic as wos the
cose with the fibre, |

The effect of fibre stiffmoss on yoarn stiffncss hos
been diﬁcuﬁﬂedfby Carlene 7 5 who concluded that, for
continuous £ilavent singlos yarn of voby 10w twist (less

han 4 t.p.m.? and for the rmnwe of vnrna &tﬁml&d, the
£lexural ri; idity of the yorn was the sun of the risiditices

of the_compnnent filomentss This wos supported by e
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who stoted thet inbibitdon off £ilamept poventut should
inercare yarn.rigidity up Lo o ﬁﬁﬂuvaﬁiaal,iimit of the
opdlor of KE/p tines thot for complobe froodot, whicre N,

ie the susbor of filonents in the crospeaveticn tnd p the
packing ﬁanﬁﬁrzlgg Peovided thot cape of Lilomcnt wovement
rém&gﬁm unaffonted yoon tuwist shounld @ﬁﬂﬁé'a pdight dééﬁnaaa@
in yavn sdgidity. Thoe beeptunont of bosding & sodel vorm

. t o n 120,121,122
wae aldso gdveny FLaby mt-a&fusg puad Dockep T

X

aove ceapded oub on exheustilve theopoticeld sbtudy on tho
effects on yorn eigldity of £ibre dlveanpions, sbiffnoss
topaional € hﬁnﬂiﬂg plpidity yatdo, yarn doasdby; mdke,
twist; Tibwe clustoirings and prior relanotion t?ﬁ#ﬁm&nﬂ&g
Shie Yollowe some covidor work hy Platt uﬂaﬂ tho defluaice
of Tibre propertics with pospoct o yorn steongih, whille
Virgin and W&kahﬁm?zsﬁéﬁﬁﬁ&&ﬁed the relotdon botwies single
fdbve properbieos ond the bohoviowr of bundleg, slivers, ond
yarng.  Fioed ¢ alfmuw&@ roported on the offeet of cotton
fibero bundle Dresk elopgotion, snd othor fibre propovtics,
on $he pwwgavﬁi@ﬁ~ﬂf o poRfse and o mediun sdnglos yorn,
showed a welationship betueen fibew ond yorn sbtdffncss,
cotbons with low stiffpens tending o give yorne with

Iou sbifffness.
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As with f::i.brcs, arﬁielt,a t’itm?.:l i with the ei?ﬁ‘ectﬂ of
tampernturu and humidiﬁy tend Lo be cnncerncd with tensile

19 Lﬁhﬁtc;ﬁ ot a115

prapamtmaﬁ; those by billnn;nnd Prottiyoion
T1iingworth and hmlhy 126 p aml Busoe ot al 7;:{313:111@ into

this amtagafy.

| It is to be-expeéﬁéd»t&n@ the hanﬂing grey@rtics
of a fabre will influanc@ the hehavmpur, ﬁharacbcr, and
ggnd;a of o rabrieg “gt has proved to be difficult to
ﬂﬂparate popers in whilelh snabifin mentian.ia ﬁﬁ&ﬁ to
rwsmﬁtancc to bending irnm thaae rcfarv&n; ta recovery. rom
| bandin dtney partly to the nﬁmmnmlapuwa.uscd'ﬁ.g. Cresse
_resaaﬁan¢o'where in foct crease rocovery is meénﬁ, and also
Lo t;he ;wahable :inhorplby of tim Lo as;mcta ﬂf hand:inﬂ on
the crease proﬁertxe s of the ﬁnbria, ‘ | o
o Simiﬁarly before the effeoct @fffibbehﬁrqggrty:on'
t&m imudle of i’:&m‘ {’m?}x":lﬁ con he t*mwim‘r'im &mﬁe aﬁrewm‘b
ik rcqu&rcd &1 taa ﬂaﬂinxtxmn off handloy a ﬁubdeut wvcr w&ich
there unuld al&a appeap to be sone vnnfvaxan. |
sore oorly work by Feiree 8 on the nanm!n of cloth
a8 o x:zeasurnabla cmant.xty iamxlw appcar‘ ta Ize:wc been the |
ﬁtﬂrtiﬂg pazntg but while mopny of the pethods of mearmring

the stiffnces of Uibre, yarn, ssnd fobric sten from this work,
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Pioree himself wos noinly concernod with the fobrde property
and did not ottompt té.rﬁlaﬁa~ﬁibva behoviour with fabrie
behavicur although loter ﬁapérémhnwlby the sone onthor nay
MWH%@M@ﬁGM@W%MWWM@%M@%MWlmmm
specifle nontlon of the Péivee test when evaluating nethods
of pessneing éhw stilfness . of falwdess The bending lengbh,
flenurel rigldity; ond bonding sedalues were avong the torms
used by Péiree, definitions of which hoave been given in on
carlice éﬁctiﬂﬁ,,anﬂ thay enable copsldepstion o be given
to bhe effeet of tost leongthy, fabirde wedgbt ond thiclness
S on the volue of reslistonce to bending,

Méthmaa of testing the stiffnesd, bondle, ond croose
ropistonee pyopertics of o fobeic hove alge beén given by

151 132 133, 134, 135, 136, 137 ° 138

Chu o6 ol ™'y gaxl ~y Schicfen s Dtoole

ond Bepg«llofsson o, stonderd smethods of ﬁﬁa&ysi@ hawe
beost publiched ﬁwﬂkl,‘whii@ pefopenio Bo Ghe H.5.0 M,
stondoapds on Plactice showed thot there were o nushor of
test mebthodo wwlnﬁiﬁg<&ﬁ flexuenl properticens In goneral
Lhoy ﬁ@l&@ﬂ&lﬁé'mﬂﬁﬁﬂiﬁlﬁ off & mors rigid stiucture thon nost
ggﬁﬁiia mobordals but thoy might‘hﬁ roferved to i ony point
on inetrunontobion wos fnvolveds I ues intercsting to note
t£hot dn one Gest for ctiffness dn floxmure the dierieon :

mothod wasy, in affeoty to hold the sample dan o hordzontal
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plane and move the clamp, AE with the British cantilover
method this taéh did nots distinguish botweon elastic and
alaseia Lefarmaﬁigﬁ;

Havbhurger has given a general survey of the offect
of fibﬁn pyopertics on fabrie drape and hdﬁd, as g m&th
while ?o&litt:malaa econsiderod certain fibro graﬂartics in
his paper on tho geomat?y of m}aﬁh ghenedubcs - A&cardimm
Hoffnan and ﬂ@ﬁt326§ the hamlle of o fabpla, ond tho liveliress
and ahape retention aye eantrwliaﬁ o a great oxtent by throe
propertios of a fibepe,  Phese ave e indial stilfncos, used
in the sense of a streszbh sodulve, the change in ebiffoess os
the deformation ia increasad, and the power of pecovory whon

the load, or presauwa, is soloassed,

. 138 , Y
Steole used on Znstvon tester te deform fabrics as

in ereasivg. The posuliant load defopmmbion ocupvos woere

fouvind to be rolated o the gtiffwes, rﬁ“*iieﬁaa, draping,
autd handlisg proporties of ¢hoe Fabreic. ‘

. Fapther aW@én%a of fabrie creasing bhave bhesn discaased
hay Bogtwichk ob al * , including the iofluence of stiffnoss,
olasticity, aroaso recovery ané hnddity s

245,

Buck and Vc@arﬁ ¢ While disouvasing thie @ﬁf@@t of

'Llﬁt& constrection on the eresse resisbance of cobbon,
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voforeed to the dnterpretation of stress gbeadn ddogrons
aond susgestoed that the patic of clastic work to total vork
'mﬁgﬁt e used as 8 nedsure of oreaseability or repistonce
to erencing, Gopldordi ond SGeuntfont Y considered the
epreasing and aeose gv@oﬂiﬂ@ of boxtiles and gave dpto on
the steeso strain properties of fibre ond fabric uith, ond
without, rosin treatient.

Loonper # dn o useful poper concidored the factors
offfecting thoe hcnéing off fibwroes, yafnsg ond fabirdess Copmont
woe oade on the offect of ehange of fibyve denicr.on fabpic
sbiffnoes, the efffcet decrcasing os the fabric was pode
Sightor . (cover factor). Fabric otiffoess woe alwost
unallfecbed by dendor ot a level fop bLelow that expected fop
wonoffilonent action in thoe yarns. The cEfect of crongoe
reaist Lreatuent vos alse discussode .

In a.peper on Judging the havshacns of {obidos
Rogaty. eb al.uﬁalau coprentcd on the offont mf'ﬁi%re dionetor
and atobed that dancmeasing the ddopoiter tonded to incrcase
harshnons of handlc.

Chu el 311M3Whe congidored the fnotors offeoting the
Qropeabllity of fabvdes wore of the opinion that Youns's

nodulus; mopents of dvertdog and wolght Joobor were eopeclally

snpertont ¢
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&éolze et al 1 studied ﬁ%uz wechonisn of :i.mxmrt'iﬁg
wrinkle vrecovery to collilosic fobries ond recopded some
nﬁreSp-atrain pragertics off fibre, yarn and Fnbria. They
“eonsidered that thn clastic recovery pﬁogerty ol the rmterial
was of grame importonce but thay sove examplea Q£~erLM$'
strodn curves “of fibre, yaﬂn,“and fabric wvhich canld-grbgé'

of iuterbst. o : | .

The relntiunshiﬁ bﬁtunan fibre property ond Qabrzc

w#ink1e=recovery-haa_nlsn boen illustrated by Donicls™

. Conred ¥ nas given dvtnil& of £ibre, yﬁ#ﬁ, And;
fabrde prﬂpertles in a detniled invcﬂtxﬁntxon of the mechanical
hennviuur ﬁﬁ’cynnﬁﬁtﬁgldtaé xuttan, uhilv Gintie ond MNead 12
stated that the bending staffneaﬂ of o fibre wos on impartunt
fgﬁtﬁv in éetarminin the pilling propensity of o fobric
am} E!mucd thaot hea\b mttiu@, :i.ncrears( q fibre bending a..t»‘ "i’swsa
whach roduced pillin by 1owcr;nm Lha fuzzdng tendency of
the Qﬂbrzc. |

A paper with no apporent narcrt bearing other than
geberal intorest wos that of Kilby ® dn which he dealt with
achear pmcgarﬁias ;n:relatien to fabrie hand ond also gove
£010 ﬁxmmpléﬁ Qf ﬁhe effect of hoot eaﬁﬁ@#g on nylon monofil
'fahrxas. , | _ |
Anothcr paper concernaﬁ wlth a%’?fnpﬂuuwaﬁ that uﬂ

Lefferdink and bBriar 3 who ﬁqughtﬁtn interpret fibrg
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propertics in o study mﬁ'thg-efﬁgcﬁ of single fibre flex
| fotdgquoe in the r@sistanue‘gf fobeies to abrasion.
Cook and Grosborg 14 who copsddered the 1aa@w¢xte%mi@g
p?ugartic& ot wawg knittod fﬁﬁﬁiﬁﬁ'@ﬁ?@'ﬁ possible eouation
for tho bending podulns of a yarn £rom considepation
of a loop o on elestico, while o gaéar by Sdons ot 81 195
dondt with the relationship bbﬁuacn the structural peometey
amﬁ the phyedeal g#ﬁg@rﬁieﬁ of o fabric,

| Sdmdlorly Flatt ua, hackon ]56, and Platt ond nupuuvgegw
have'aansid@red the probleons of tho thanepl aﬁian of! inhorent
@hymamai proportios of fibres &nﬁ@ tox&;&a shructuves,

ﬁﬂ vould be expeotod Lheva were a numbﬁv off popers

“?ﬂéhliuﬁ with the offcct of a choepdecl finish on the bondle,
ﬁénﬁiﬂb pﬁow&rﬁi&sg OF CRCOB0 wg¢avrry @ruyortmcb GF a
fahﬁ&Q¢ S@me; such ap thopo by Lamymv % ¥ ﬂaﬁlmarﬁi ﬁna

. s i 3 N . 1
Eruntﬁest 3 ond Convad

, have aircady h@cn m,ﬂ& fonod; but
others iué@uﬁﬁ wﬁé-eﬁ ax ' s who @ampnred hm m&n&amlenl
prﬁp&rﬁﬁﬁﬁ‘ﬁﬁ fibroy yorn, and Yabpie in an unbrenbody and
vesdn troated, statos |

?héicfﬁect of termerature and hunidity on fobwic
preporby 1o gbbﬁﬂh&y'aﬁvérmd by comments alﬁédﬂy nade in $ho
£ibre section and few additional reforences wers gvailable.

Haﬁisﬂmﬁﬁéé the offfect of high relative hunidity on

3&?1&3
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the weinkle reegistance of o fabrie and Udelston apnd H433d4ep 260
vhile aensuping the offect of bauperoture on the orchsoe
'vbéﬁevcﬁy of fabpics node fron eynthetde Libres pave gone
dafopsption on the dynashde temnsile propertics of bhe filres

o8 woll as Shedr second erder tropsition tompoerotures .
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PART I, TENSXLE, COMPROEEBIVE, ARDL DUNDING MODULY OF PIDRES,

From the ﬁéecceﬂing survey it appeored thot oxperimental
work was reqguired on the measurenent of the tensile,
éf)mpm}ssive, ond bending medulus of a fibre, It wos obvious
that the greatest eote would be reguircd to oansurc acouracy
and reproducibility of repult ond this involved both sonple
and exgerimental»nonditionS.

A8 bending wos considered to involve both stretching
and conprosging & fibre it scened logiesl to stort by
congidering the tensile ond compressive nodulus, and then to
proceed to conpare the valﬁca of the tensile and bending

nodulus. | |

Sueh ds the work of the next twe chaptuvh cxeopt that
the worly on the tensile end bending propertics was oxtended
boyvond that of the considoration of tho inmediote clestic
regions. lonofilancnt fibres of o fairly hoeouvy count were
adopted s bLeidng casy "E:c» hondle, pérg:ii;’biﬁg greater accuracy
in the measurenent of stress and strain, and yet bedng

roepresontoative of £ibres in general,
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Tensile Noduluss ?ast‘ﬁéﬁhm&s-ﬁging an Insﬁvén.Al‘,
?ggtm#s 3f£§c§ing #ﬁ# Vﬁl&élof L ?amsi;ﬁ Méﬂ§1u§,

%émpgésgifg Mcqﬁigét '?gqtlﬁgﬁhédévﬁsingnan xnsﬂrgn,
ﬁéégar§ ﬁﬁ?gqtingit&é»?giue Qﬁ g éwﬁérﬁsaiyéiﬁ@@u;ué,,

Hesulte of Yeneile and Comprossion lixpoprinentse

3

padscussion of Dosultse
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CRATELL N 'JELH &I,i; &’1\“:1‘3 g.'m Pm 5&:"1‘.’1‘1, SORULE bi" PADRES o

1. Tensile Modulust Topt Method Using an Instron

It wop noted that there wos moe stondard netbod avoilable
ond the test method ndapﬁﬁd owed sonething to sueh inforootion
ag hiad been published, to the eppropriote standerd nothods
for fibre testing 7 170 ond to the needs of dinension, |
tiney and aceuracy peculiar to theso expordiments,

CThe | venerai us¢ of the fnsﬁran has Leen described by
Hdndman and hurr“ rez and the only modificotions, cithor in
.instéument or procodure, were the use of a gear train to
reduce the rate of traverse of the crogg=iend, the nee of o

rigdd Jow assenbly in ploce of the normal linked assawbly,
and the use of a cothetomeoter to measure the e;tcnuion of
& fibre. |

The nadulus hos beon defined s the tongent to the
ﬁtreas~5train curve at zoro stross,; but as it wos hoped to
use othev piraneters thic stresgectradn curve for o fibre
was ollowed to procced post the particular strain value in
queation,énd ﬁhus the dinitial sodulus con be regarded os the
‘modulus within the Iimitﬂ‘ﬁf clostic stroin, while the other
porsnctors hove been roferred to s (opecific) stroin noduli,

Iﬁ wés considercd that, os lonz o5 the test length of

tho sample wos equal to, or greoter thon, once inch,; the ancunt
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ar degeee of extonndon condd be geb, or-raé@rﬂed,
satdsfoctoprdily by roferenco to the Gouge Length ond heturn
Diad contvuls and thé:chamtg ?hﬁs in ordexr to @éﬁu&n one
per ceut oxtonsion on o pouple the Gompge Longth wonld bo pot
to zove affifer the oressticod had Loon positioned to give Ghe
correcet test lengtlie Tho Rotuin Diadl wonld be sct to read
one per cenbt of the vost length, the epount of extenedon
reguireds The unlt of length extension wos genorolly tho
inechy, this Ledng the Dosis for the instron contrele.

For tost lengths below one inch i waﬁ'fnuﬂd that
there wis an imereasing rick of error us the tost lengih
become emallor, so thot somne alicernitive nethod of meesuring
tost length and oxtoension wos roquireds The cethod chosen
dn thio cope wop the uso of o cotlictometor. $ho wnits hoere
were generally expresscd as centisebres this being the bosis
of tho ecathetometor scale, and the c¢yeplece and objective
1éns wore colected to give & magnification aﬁ fifty times
whors o erosswwire was belong used, or the @qlibrntion of the
cyaepleco senle wos such Ghat one division wos equdvalont to
1.2 x 10™% cme wWhon the extension wis being followed cntiroly
Ly zeforecace to this scale. o

he cathetonoter was therelore wged dn tuwo woys. Por

those casesn whopoe the tost conditions pernitied,tho dnstrusent
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wos used in a convontiongl mopner, the length of tho specinen
being nessured using a crocs wire in tiie eyepicce os the o
reference mark, ond reading bhe ehthetomoter scale whon
Yocussed ab the top ond bovbom of the epecimen, = ¥he
appropriate oxténsion was sct on tlic Instrbn'néntrolﬁ, and
checked by noting the change in the reading of the cathotomcter
whén re~focussed on the bottom jaw. A Yurther check wos
provided by réference to the churt and noting the displacenent
alonir the ordinete, ithen the dipension wos @artieﬁlbrly small,
as in the case of one per cent cxtension of, say, on C.1 inch
speciiien, it was found preforabic to use o grodubted scale

in the eyepleec, this scale bedng calibrated in terms of
decimals of on dinch, or centimetre,. ‘Thus thc.1eng£h'of the
sample, the initial position of the crosshend, ond the anount
“oﬂ poyverment of the crosshend, could De controlled by reference
to pomition, or movémcnt"agninat this scale, The
eﬁﬁﬁeﬁbmcter WO nounted on a pexion stand which was rade to
it over tho control pancl of the crossheod unit, Yhe
'platfaﬁﬁ of the stand was adjustaﬁie to sllow the inctrunent
to be set ot opproximately the height of the crosshend bar,
the cyepiece unit of the cothetomcter being thon £inally
adjusted on its own stond to the desired position, . In view

of the mognitudo of the deflections being megséréd; core wWas
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roguired dn tho use of vhe gathetomiotor o0 onsure thot the
Lovel of the wognidying uolt wag not altored Ly prossuee op
povenent duvdang & teste Saeh disploesent durdng o tost conld

aad to on crred dn otroin steos 8 measurencnte

;,.._;3

Por those teste whore fine vigce gedpe were bodng used,
the soeple was mounted dn the gripo sueh thoat the ﬁeat lenpth
wep within the roange chosens  Cope wep tolen in the tighteniag
of the grips that the sasple woo not subjected to undue EBLRRLE,
ond the grips theémsclves woro mounted dn the nornal jows of
the Iastrons Theo appropiiote load coll. Qalibpﬁt&ﬁﬁ,

cropohead and chart speed, wepe chosen bedng uepenaant on the
poterial end the test longth dnvelveds L6 win concidercd
that the uee of half scale calibroticon for load. ond a
fegnification of one huﬁd$CG tducs the extension: perpittod
veasonable aceuracy in the recopding of the rawvlta, the
HOCCERURY eresghicad speed where ohort Iengbho weye concoerned

involved the wie of an ACaCLEORY roduction geordng which
allowed the conptant spoed o be roduend o o nindoun: value
of 0,02 inchos per winuto. |

In order thoat the nodulus at, 8oy, one por cont strain
could bo obboined, the teet length of the copplo, under a
stress of loss thon one per cont of the oupected final loog,

was accuprstoly mcgﬁuraﬁ'ﬁy'mqgnw o Ghe cothetonatior. For




ar

Jﬁlﬁ& ﬁtave uia.i@@h~in:3¢uW@%'ﬁ&a prapriate cxﬁﬁnaion
f mﬁs &ut in the controls amﬁ e teat aamplnﬁed# na ﬁxtcnﬁinn'
-;hmimu @hﬁcmgd by @na methods elvvaﬁy &mmcw s¢d¢ Fﬁr ghurh,
arwlwﬁ &a@ uﬂmﬁic W&ﬁ ukxainaa hy pRe @ar cunt, uquwiicnt
Lo o aeﬁiaa%iea cﬁrraﬁnﬁnﬁin“ tm o ¢ ivem numhar ﬁf Lyﬁplﬁﬁﬁ. -
@&Vxﬁ&ﬁﬁﬁAﬂﬁ:ﬂﬁﬁ,ﬁ%ﬁheﬁﬂﬁﬂtﬁﬂj.> & rmﬁnrenre mark oﬁ t%a N
h&ﬁ&gﬁéﬁﬁﬁé#*éaiﬂ: favumrea ﬁn the bot tum,daw and the jnw
ﬁﬁﬁwﬁﬁﬁmé_ﬁnﬁil\iﬁ come into 1&nﬁ.wiﬁh the Sﬁcﬂnﬂwvefgvaﬁeef
ark, the volue of tha Joed &mﬁﬁacd ot tﬁiw ﬁtr dn bedng |
’abﬂaiﬁma;fr@mftn@unhart«g, Thﬁ‘ﬁiﬁ?lgeﬁmﬁnﬁ mfgﬁme load celld
ngﬁégbiﬁyuﬁﬁﬁr iﬁéramenﬁﬁhéﬁniaﬁé ﬁaﬂ h&énlmaaégﬁﬁéi {?ig,i,}
fio. that the apporent ﬁmﬁeﬁﬁiﬁn.ﬁagié‘kn cﬁﬁrhqtéagggy tﬁa‘
a@vmmm of tho ;mﬂ‘s%&n*ﬁﬁy.\' . Thds awmct;tm . iﬁ' éd(m:;:iﬁﬁ:*m}
| ?iﬂwiij danportont when Lho uasﬂ ienpth ﬁﬁ the mamg&a is Sr311§
| Fop thoﬁa tamﬁ& uhﬁvé tha ends of thﬂ aamwla wara
hheé&ed in @ E&%ativﬂg ﬁh¢ ﬁnnrai Gess wraaeuura %ﬂs tha

SRR exeopt that glaps Forpors wore ingnmtca i ﬁhm Inﬁtran

Cdawe - ond tim sothetonober r@i?ﬁmmﬁ s:-:l,d wan f;’aezm&e& tm iixa -
dues of ﬁx@ fcrmers in*ﬁéa&iﬁf the edoes 6f Lhe vxqm grips-.
| *he Ins &ran Qitmﬁnhﬁ vere aﬁanénrﬁ mxcapt thaﬁ on

poehaion bam 1imhﬁd ﬁ;ﬁﬁzbly bgtwﬁvn the 1&46 Qﬁll and the.
"tey Jau waa ﬁeg&maaﬂ by o raﬂiﬁ a saenbly Lo ﬁravaut 3&ﬁbﬁd1

ﬁasglaanwant mf ﬁhc tﬁp Jaw ﬂuviﬂv a tnﬂﬁ.
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Load g x 102
N

i

o 1 2 3 4
| Scale Deflection -
1 division = 12'x 107 em

- Aaaenbly with Load

; rigﬁrg_i Diaplacement of Inatron Load 0011.!
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b

The general sobbing of the fustron noy be suntsericed

48

o8 chowd belowy while the forogedng tunt nay bo woddfd

approprdote to bhe steain dnvolveds

LA 513k
Toad Celd B 2 kg Copnodty
Urass-head Speed 10 per cont extension por ninute
Chowd Spee . S AsO tines erogsehend opoed
Calibration ‘ Holf Scole
CTeal Ieonghth S Ag peguirod
fa - Foctoprs Affocting Value of a Ponedile nodinlus,.

The foctore which may nffeot Ghe geeurdey of & posult
include tho condition ¢f the stople, vorlabion in the dlomnoter
off tho £ibee, the effect of the test Lengbh of tho somple,

Lhe anmeunt of the ostension, tho offect of the type of Jow

used o pgecwre the spedimen; and sundry lustrasent oervrors.
1 # .

Phe value of tho dengile podulusg hes boen Tound o be
crbrenely ecnsitivd Go any chinge, or crrowy dn the wethod
of propordog the stople for test, and in particulnr teo the
tegperoture o6 which the soanple woe steaightoned (te renove
Pyt aaiclae onrld 3y the tonsdons luposcd durdng héating, and the
tilow adiowed Lo peconditiondug.

whie bhoo been dllastrotod Ly Table 1 where the
mogndtude of bhe chooge has hoen showns

vélueﬁ for compresision ond bending modulue have also.
boen given and furthior reference will be nade in the

oppropriaste gections, \ ,
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Nyloh ongd Sepryleno ﬂﬁmﬁlﬁﬁ w¢rcfcnnmiﬁ@r¢d ﬁe7b§
aEfootod in the senoe ﬁhﬁt heatdng dnvolved o deying of e
sorole vith o flse in podulue volucs Thm‘gnaagq_waa | |
rovorsible, or racavcrablg:an@,aw'yould Tagx ex@qatQQ Lhe  oilect
was mqﬁﬁgﬁgticﬁaﬁlc for the nylons,agdiqnly slighﬁ fog
wé?ylénaa  The effecet algo provided an &nﬁgregﬁiﬁg‘ Liustration
An v ates, of diffusion and cqml:itifmingg :ul'}QQX‘ ﬁiffczi*gnt
tﬂaneraturce. CIa olxty s@cﬁnﬂslaﬁ 1@G°£;.$% ol the moudulus

1uc of the nylon Qé aa;g&e xas aitprﬁﬂ iron a7;@aa”ﬁg§}cwﬁ
Lo 44,000 kgﬁfﬁm end it took more than o day ab 20%2. 655 1ahe
for Lhe Paﬁylﬁ*tn rcguln‘iﬁa oriringd volues The vlaxmne and
'viﬁ31 sﬂm>1cn suﬁﬁcrgd an irroverhihle auauga in nonulua
ﬂipécﬁly rolotod ta the tonperature of tvﬁaﬁment,.agd
tﬂnwﬂumwh o dum to heab aiiuwing nélecﬂlar'ﬁéﬁlﬁﬁﬁﬁcnt to toke
plaae 0 th Lmnaavunnt 1¢n€itudina“ shinkage nnu 1&t¢rﬂ1
owodling. _ ‘

Inspeotion of tho strosssstrain cherts for cach
mpderdal mﬁmimd thot no mmmgbm strodn was Likoly o enERe
vith the use of o tensioning Toad of U,l ggffexﬁ which ves
r:.ufficlvnt Lo %siat in Slie unbc;mm,(; of the sanplos.

The conditions finally'unu&cnuwﬁva thasc uhich all Gwad
the stralghtoning of ¢he sernple with the pdndowe of ca»nag of

fitipe property, but vhotover the parpese of the spoeitie
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oxperinent, unless samples hove beon given identical treatment
then there could be o risk of attributing a folse significonce
to any differenee inﬁmnﬁglus obboined, | It also follows that
ecmphrotive t@sts»gnugd o nade provided tho control value
of tho sodulus was krowm,

It wos can@iéabaﬁ thot preors likely te avise through
Jeced lnctuations in the walues of tenmperature and husdddty
durdne test wonld be onmolls A coareful choek was aointained
on these values by roefopence to the appropriste control chart
to ensure that thoy had ponndned within the stated limdts.
Favther dioeusaien on the affcet of touperatuve ond bhumidity

on modunluse values will ke found in a lobor geeltiohe

Variation in nessurcnents of those grdperﬂieﬁ of a
£ibro conid ceeur dn two Ways, aiﬁharf&ﬁ_d‘veal‘aiﬁﬁamenaﬁ
betwoen soanple and sanple, lengbh tefiengﬁh, or as o result
of on errop in mauauvbﬁénﬁg N | |

bisgotos

Peate ghowed thot the dianctor of these monofilonents
could vory as much s f 45, while it was considored unlikely
that thoe measurcnoent gf the diomcter of o sanplo vould he
in orror by on anount exgeceding ﬁ 1.0 It haos also to Lo

ronetberod thot in calenlating the modulug the volue of the
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dionetoy do sounved. Tho effect that an oprer night have
Bhe baen ghoun by tho nodulug valunos dn Toble 2 uvhere the

values for the load wore kept conotant o tho purposes of

Lhe dlinedration. These posalts Love beew given da deot soil

ﬁmwlcaﬁu of poforence in. discussions Volues for & real
gifforence in procéice weild be compencatod by the difforence
in-the'luad.rcqmiweﬁ fon'cxﬁcﬁs£bn bub it was still extrouely
impﬂvﬁanﬁ‘ﬁhat the diasctor of cach couple wae decurotely
chicoliad,. it de genorally ogreed thabt the diomoter of o

fibee is most ascurately obtained by neosuring o crosgesection
ol tho ﬁﬁegiméng'ﬁceauﬁﬁ witd o lonﬁiﬁuﬁinai specdaen It de
efbon GafPdouls o ring beth odges of tho #4 bx*o .mts:) foeng

ot Lhe seme tdpe elbhoush this (it ,Luiﬁj cn Lc partly

- OVeReeRRd Ly the weo ok ;10.1..&1*.&&:3;1 Bdghi snd i}:;‘ &;zpm;px‘ime

Coencding of the Docke iinmc, Anothen aﬁv&uta e aE mcctiunal

Cpehgtivernent ldes dn tho ﬁﬁpovtunxty axsurﬂod Pur oxmm;natmen

ofly and deteotion od, nonchrcu&aw BROPEEL »




. W 0
Pibre Dispotor Modulus kef/em™ x 107
-3

o x 10 e TQnaii@ Bemling
h Comprossive
47 . 304 336
48 202 312
49 282 202
50 290 270
51 258 250
52 2506 232
53 242 218
Table 2, Values of the Tonsile, Comprossive, and

wF
i)

. +
Bending Modulus over o ronge of _ 6
fcan Diometer, (cssuming o constant

load value).
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It was noticed that Lhe nonofilonents wore eapily
conpreseed cdther while clamping in the section cutber or
during the cubling operationy oo that cere was rogudved to
ayoid peroonent deforpation of tha'ﬂnmpla'with conacquont
chonge in diometer. This obmervotion proved of value whon
bending tests were undertalion,but ot thie sbage it wos {olt
that the rdsk of compression chonge ontwelghed ony crpors in
focussing o that in the event the diamcter of coeh speeinen
wog chocked on & pfaﬁacﬁionvmiarascnpn usdng & longitudingl
mount “511 fibres were considered to be cireulor in scction

- uwnless othorwise sboted,

Tests showed that the vardation in tho weight of a

nonofilonent paterial wos of the order of i 25y while it
wWOB aongidcred"unlikaly that the errvor iﬁ maasuréﬁcnt
excecded 1.

| For goneral descriptive purpose the tcx?gnnnt of eaeh
moterisl wos determined bosed on the mean weight of ten
lengbhs o©f one notre under standard ﬁﬁnaiﬁionaa in Gertling
precision topsion halonce was used reading to 1 mg. or 10 ng.
 the ¢hoice depending on the sémple. On nny'ecc&sion vhcre
it was desired to check the weight of o short length of

fibre o Shirley contilever nicoposbalaonce wos used,
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dgoin there were tuo instruments and the choice
depﬁﬁdaﬁ on the test sample iﬁvulvﬁd. The sensitivitice
- of the balances were in milligrnma and microgrons rospecstively.

16
The use of such a balance hus h:sen desoribed by Lord ? .

| Otihier workers haye‘ccmmente&”@n the effect of tha'
10: h of the test ayeciman on the stressestrain b 16
charaecerxstieﬁp It wos also knﬁwn that. short lengtihs wéuid
be required for compression comparison, and 1ungeé“1eﬁgth§
for bending comparisons Volues for the tensile modulus of
cach materiol were obtained over o range of test lengthe from
ﬁ.BSném; Lo 25.@% e¢m,  Mention has slready Leen monde of the
importance of seasuring the actual axﬁeﬂﬁiqﬂ"@f the speaiﬁen
as oppoced to the apparent extencions  Yhis han boén
-illustrated iﬂrrahla 3 where the tensile m@daiu&‘ﬁor'Tﬂrylﬁne
is wiﬁen calﬁulaﬁeé ﬁrnm théﬁnctnallnaﬂ tﬁa'apvérant extension,
A ﬁimilar’changﬁ in. the arder of the riodulus was mbbaxned
with ail the manbfilnment naterials unless cabranﬁed.

The annuracy-wnﬁ found ta»ba portly uegcndent on the

measurenent of the original %naﬁtiéngth; The reference grid
of tﬁe Qéﬁhetbmeﬁgr hﬁﬁ'to be fﬁﬁu&ﬁ&ﬂ‘ﬁn & veference polnt

of the top and\hattam Jow ond it wos found that considerable




o7

Sennilo Lt ﬂi’fm o Compraeneiyg
15}1?
(B

!

ol
e
$5  mee
e
ATy
s
=

 sa 10
3 A0 383
Lo 34t 10
el {3%#;& | 1G3

A0 et - g " -

-,
k ot

Wopplene  Ul8

u%‘

2T

('
Rl

0
2
s
o
&

P

g2
=2

]

I
&
i

nydon 606 dege bt B0 w T |

# 1253 % 2050 - | -
* 1741
“ 4081

o
o
»
Eatn
'
£
=3
*
g

i
ﬁ'&
»
¥
¥

nl  Boced on oobuad optension

ALY Boped an dpptpont axbennlon

Tahie da he HETeet of Yoot Lepobh 321{3 a,m‘:@t? ‘.
Blanebor Ratde on thy Yensiie ond

Cosproogive Hodulus.




) | o8

i

practice whs reﬂuivﬁﬂ.beﬁﬁré 2 réaseﬂmbly congistent resuld
was obtained.  I6 was essentinl thot the cathetoncter be
pited on a stoble hase ond, beoouse of the magnification,the
focol lengsth was amall with the pisk of the specinen going
out n£ focus ﬁunmng & test, ln the cnsa of samples maunbmd
in Apaldite it WOE néeﬁﬁsary tﬂ dasnnrd any sonplos whera
bie apeﬁimenlérniﬂite/fonmér edﬁe was not cledr ond loevel,
otherwise there wvas & risk of the actual best length being
{louger than regiétereﬁ Letouse ﬁ%a Araldite odge was sunk
withiﬁ the Lore of the f@rmcr¢ Cenversely o short test
1ength could pesult fram tha Araidata fixotive ovorrunning
the hvs:t 1angt£x. | |

The tensile twodulus is o parameter obtoined o8 on
indication of the streas aﬁrnin'ahavaétaristiag ﬁfyﬂ naterisl
within the elastic region where stress is princrily

proporticnal to strain, An attempt will Le made later to

‘show that the value af a tonsile mmdulus autuith this region
A&ae Bome significaneaﬁ However it fullnws ﬁaat‘the vilue of
any pesult unknowlingly abﬁain@d‘buﬁwiﬁﬂ this regdon will be
in evrnr, and hence it wae cunsiﬁored imparﬁnnt thot the

limits of exténsian for esch moaterial be known,
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tne exg:erimentﬁl factor heore is that when a stresse
sﬁbain ourve is obtoined fér 'a Z&ang; test specinen it ig not
usually necnssary <o na,gmify the extension. There is thus
the possibility m.m a sec‘tion ni Lﬁle cuwe is considored
lincar wherens there is © very slipht cuwnﬁum s Wiieh will
becone evident when the senle is mogmified, The risk that

such curvature could be coused by psi instrument error hias

boen congidered in anoté!wr pert of this section,

, I‘igrure 24 shoua the complote satme.emst*.rain curvos for

an the monofiloment moteriols wiis mm; mmiﬁmtmn; .

P;u;,ure ) shows sze Bome mtwials with the extension

mognified ton times, the extension being limited to fivo

per cont,

Figure 2b) ie i;;,*p:mu:!. '.nf the normal f:maentnﬂion und
shows the alleover pwt‘tarn of sbress-strn:ln bclmvieur |
anwing eneral cmparmon of the vm'imxs i’abmn. *veixtiny
of t‘igum 4p) will show 'bhat there oro somts [fvuundﬂ for
belioving that there is a tan&emy to curw‘zturn tmeh earlior
fhan would he suapected. it fnlluws bhat judiciocus
nogndficatdon of any poart of the ¢ @raph is advisablo eithor by
i.néretxainé; the load scble, eéxtension sqalcg or bothe Top
this reason it wos the proctice in those oxporisents to

measure the stroain modulus ob V.54 stroin os woll oo the
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:ihit:iai mcdulusos | lnefevuxuﬁ hes boen made to im, dmn in
anﬁé of thei&hrnan mudu;n; abnuﬁ the 2 gtvzin lo muu-
~ further &ﬂﬁ@i&draﬁiﬁn of strain meduli will hu'huand in o
. Anter santlen. _

A chmh um also rm-:}t: that the a#ﬁmmicm WAS QOO
tc& the whe}.:a symcimm teost hﬂnﬁ‘mx. hie was done b,y morhdng
‘, the spec$mcn at pointa neap the top jow, centre, and botton

Giwe.  Then using the -t‘mtlmttm'mtezf {the a.*;::&.ﬁt,im gintonces _

-\ léc;thmn :jéwﬁ and weehs bai?m‘fé‘.,_{‘ und after, extension conld

_ be rzeam\rmh _ | |
| ‘szcse rwmmmr.ent:&; mnfim ed that ony part of the fibre
-_»wnﬁ oxtenﬁﬁd in praportion to sny other nurt, or. Lo top “nd
bottom th. ‘

'L‘:m ar:ounb of oxtension is ;;'cwcmc,u hy tho s’zgmvc:zztmzﬁ of
the vrmssnhead, includinm the bottou gawg.rmimﬁivﬁlﬂa the
| tﬁﬁ jaw and load ¢31;¢, it waa found- thot there was some

éispiacementraf thahtnp 3awAaﬁ5emb1y unaor 1@3&;_amd a
ealibpation eurve hos been shoun. in Fig mre 1, aod the |
mgm:ltndt: of the pogsible orrop dn Table §s It will be sé:ﬁn
‘ tﬁat unless thiﬁ’diahlncemant is ﬁlleﬁ@d fmr“ﬁhaﬁe is &
ﬂanger af éﬁtribﬁtinﬁ.ﬁ decresse in m@ﬂuluﬁ volue os the tost

length of the somple is deorcosed.
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Pinolly 10 follous that wim*»bsmr the value of the
modndns boe colenlated from the etraipght line portion of
thc otresse-strain cupve, or from the ghtress at o stated

stirain, the strain and streas st be corrcetly recorded,

in @rcies-' 4o c&mct# whether tho type ol gridp used to
hold v’w z,m;;m affeoted the sesult bengdleo {(ond compression)
testm WOPre uas* cied oub usLnYie
(o). the msmzzal 1ot clonp gedps supplicd for voe with
Load Cell 33.(
(L) Pin vice geipss chonoa Lar"‘*nm they gedinped the |
panpla on Tour gides comparod w :m:; the twoe of Gho mwml

Yhose woers u.mmawr inproved by neing a

Enstron Grdpe
vice wlth Cour olronloy odpoed Ja“ Je

{¢) Apaldite pripne Sonpleos vore cubedded du ;‘.;;*ism:lé:a
usdng elther gilasg '&ml;:iﬁé;;, oe nylon t:m'ﬁz:mg, wiih on
interast bove Juet %.ax'ﬁeutiaij;n he diapebeor, of tho spoeinone
The Hwsldive conid bo fardoned dn 30 minuwben. ot 2006°0, op
in 24 hours ol voom tauperavure,  Thoe high toaperobtupe
methed 4o very quick ond effeobive but the semplo et bo
captble of withsbonding cuceh ircatment. Compent hos
already been tede o the need to epsurd carceful cotbting

ond resultont test longt wmmrwmm.
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JIn obhe event AU was f:'mmd Sl pdedloar peonlts were
obiaingd selap thoe pidan vice and the Araldite monnbinge,
swovided thit core wag Lelion €hat po untlue Jow pRooosue wan
onerbed iDLy bho w.c y gedpe o de oo aounee lotersl
coRpression of tho mzzxzr:zm,:.},;,'-a:'s.c'é adter dto hehoviony .

Similor resulbs weve ':\I{zg} obibained with the Instedn typo
pRdpg On seopt bhat the pdsk of slippose ube mmwv weds - Mosked

ﬁs}uimmgge vonld prepudt dn o flettened portidon of the stroste

Ay sc:cmima hwongh mw cothetomoter cyepieco m,w;iut_, Che Heete

There won ne evidenee of filwe necking undop the

prosest Gopt conditions

ibe A qg b ordedd top clow gopesbly

Values fop *L:E*m tmi&iiﬂ nmcfiulim o nylon u(} y ond
Yerylene were obtained im(,;_i g all expesrdeontal conditdons
constant, oncept i;émi: in one cose bhe ao m.%. Linlied osgombly |
woe nsed, while in the other cuse tho phogdad :.z&xzwmtxlf} e uz:szi&}.
Sdmilar xieaulw WCRe ohi;c:tined whdeh suscested that eny . epror.
dua Lo The uan of o ru.g_:.:.d a._me.ably wan noglimible, *i’im
rotsons for the um of mcu'ma assenlly orce ».iizsmwﬁad in the

soction daahm with compressive Lestinge
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Zire speod of son regnoneg

Lood. 4t was stoted Chot tho ool saado wds veuwslly

vostrictod so thet the load reguired fow ony extonpion £012
within Lol seode deficetions Withda this Idpdt, oad in
vicw of the fact Ghat '&;‘éé@ Glae of teat usually excocded odx
socomkis, 4 wog euﬁqidwwcd Ghat ey evror (ue Yo pon PeRpoOnee
coeld e peglected as 26 wos found that tho pen weald follow,
withdn an orrop of loss thon 1 of fulld senlo, oy abroichi
Line Joad funciien winieh would cogwive b leant 3 noconds

Lo Sravel fall sanlo. )

Chart gnoode A0 wan not Shought Ghat any crpor could |
avheibnted o the choart speed noods The value of the lood
recorded wes ehecked, ond fonnd o bte the stme whebhor the

entonedon mogalfdeotdon was Lil, 10, or 1001, Thore woe

b

oo beeagien o uce a higher ohart gpeed Lhon Sen dnchen pog

pdawve, bub A6 wis cohsldered Jdkely Bhod thewo wdght be some

¥ . "

ovoreran off the chort feok the tdme of tho conbrol pigonl

e

T Swe gonraus of

cRraR coei
dopendend o the €dne lag bobuweon aldgonl wnd § RRBHOBTC o In

tho aaee of long u,_m»lhxmf‘ the desdred .J?;Lc,:’aﬁ Ean Wes sed on

the Rebturs Conbeal Dial, tho Souge Longbh Pilaed bedng oot ob

soros LU was not econgldoered thdd pny significont orror was
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1

msuﬁc:d by the pﬁn rzcm&;imt:?.nu Lo msfmnﬁ in Vt‘.taé:: fmmhiamﬁl |
in*tse:wal between t&m rdum s:!;zvn 1 and pen rosponse with the
CPos ﬁswm‘! & m;.;;ae-d, clmt\ f‘ gx‘ﬁm ient bhedng Lﬁ}ﬁmxmn% ﬁmtwe:}cn
- the va:"me ui‘ load nbssm'wd ifr:xr; sm:,, 1) extension wwn the
imtmvmt was ald mmé to can‘bismc &sp‘ this point, oad the
value ’w}:mu tzI @ am&mmnﬁ wa& st:'o;:agmd ab ﬁiziﬁ gmint.a whe
» mms:;*‘“ on of pea msmm::: would be eritincd u:?..mh Bk gghs spnad
.,tin,:\; there Imin:; mm },ihelz.hmm off & mmrmwahm wvemimdﬁ
under thesa nom‘itiumu
The fséﬁmﬁar{ souree of creor was 1ﬁ;3§:at£y with mimﬁﬁ ‘
specidnens vhere 4ho degree of exi:mm:ién had to e judged by
peans of ﬁhé‘antheﬁnmmtﬁbg - Fhe vaiug of! hh@_kuaﬂ recorded
on the chart was that wrmzﬁpond:lnd to the normal si@méi a
stoppdng the crossheads Lt wos mﬁn&zﬁ;éwrm f'xéwévm* that the
dasres of ovepr es stdnotion, and urmcrr entinhldion, would tond
to c_mm:cl each mﬁmr wher b o mean value of o nunbey of
- ohgopvations Bod Loen toliene |

7.  Coppressive nodulusd Test methods using on Instron
Y

Yo édmrﬂam mestired was available for-the dﬁtﬁl‘mitwsﬁibn
off this property of o fibre, it won lnown t.?mt tsl a g:-mblom
of inekling iwuld im cncountored ond thot in camecmemﬁ
tihie lepmth of the ﬁom ﬁﬁceimn would hove to Lo Lept o8 short

ag pm;r.si’blc.
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The coppressive modulus was deterpdned as the tangent
to the coupresgive stressestroin cutve at thoe pnint of zero
sbreose and straine. Comprossive strain moduli were
determined within the limite of strain imposed by bLuchkling
of the somplo. |

The genersl procedure sdopted was similar to that
already described for stretohing tests oxoeopt thnt the
cropshead of tho Instron was raised instoad of lowered.

The test length of the somple having beon deternined, the
reforence park of the cothetoweter was fooussed on the
bottom Jjoaw and the jaw raised by #n apount equivalent to
once por cent (or other) aompresaﬁan, the approperiste value
of the load being obtoined fron the chart, The voluo of
thé compressive motnlus, or steoin nodulus was then
caleulated, the npecesuary corrcction being mede to convert
the value of apparent cﬁm@resaian to the actual percentoge
coppression.

The use of o tensile load cell for compression testdng
hos boon considered but a point of experdmental interest
wag that by this nothod the same specimen conld be stretehod
and comprossed, or conpressed amd straﬁch&dsigﬁﬁhug os long
os the strain applied wes within the olastic linmit of the
fibre, o dircet comparison of the respective moduli was
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possdbleo, ﬁhe pogiticn of zero streps bedonp adjusted on the

chart so thoat the chart rocorded positive, or stroteh, stress

and aegotive, or a@mpressiﬁe, stress, along the saone abacisss.
The geﬂerai}ﬁetﬁings of thoe instrusent wepre the sone

o those listed proviously (Poge 49 1,

4 Factors offfecting the Value of the Comprosglve Modulus

The Loctops waich may affect the accuracy of o rosult
include the condition of the ednple, vardiotion du the diamcter
of the fibre, the effect of the lengih dlancter ramio; the
apount of corpresaion,; the type of grip or jow ueod, the
beliaviour eof the comple undor load, ond the poseibility of

dnovrunent Orrors.

It was found that the effects of the condition of the
sample on the value of the nodulus were similor to those on
the value of the tensile m@dﬁ;uﬁ. The magnitude of the

possible change in volue hias Leen shown in Roble 1,

The corments node dn the tensile scction were found
to be cqually epplicable to compressive testing. The change
in value of thoe modulus aoesuming an error was pade in

nocosurding the diameter of 4 £ibre hos hoon shown in Table 2.
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It has been stoted thet if the longth of o somple
nader comprossion de greoter thon ten tdmos the diecmoter of
the sonple then tho sonplo will hﬁa@;a pather thon andorso
andfform conpressions  Thus there ié & lim&ﬁing~ﬁn¢§ﬂr in
_cnmprcsgian toesting, “hat does pot find & parollel 4n tonsile
testing, and the test length of the senple thot cen be used
io thepefore dindtiolly dependont on the dilameter of
that soupleos

In the come of the nenofilovents, whose diametors wore
of the oprder of 0.§ e thids neont that the limiting lensth
thot should bo tested was 0.5 ome  Refepence to Tobile 3
will ehow thet i;%m oifect of varying the test length within
thids linit on the conppessive podulus was slisht, 4t boing
yencubered that as with the tensileo modulus the value is
dependant on acourate peasurenent of tho sctual pivein.

Thig peont Lhat the volue of thoe modulus did not chonge
approciably ﬁhen'thﬁ lepgth diopotor ratio wos altereds In
thde case the diancter woas kept constont tnd the test length
voricd but tests were alse covried out on somples where the
tost length wie copstent and the diometer vﬁﬁiéé.

It will Ve appreciated that thie was ﬁﬁaﬁﬂiw&lly"m@be

diffienlt to achieve being dopendont for succoss, practicelly
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_and'theorétiaally, on a number of conditions being satisfied,
With a constant:diameter axxl varinblq test length, somplom
fron the same source could be usexi for cach test ond therefore
a constant modulus could be ossumed. Vith a constant tost
-1ength and varinblﬁ éaumater snmplea £rom¢a;£fer¢nt sources
hnd to bhe uaed HO ﬁhﬁt 2 simllar modulus could not to assumed
un\ll cneeked¢ The test length aad to boe chosen so as to
bc witain thp limwt fcr the Smﬂlleﬁt diameter, 50 that it
hnd to be assumed that there wdg no effeat of test length
on tha cﬁhav aamplec.
| ‘ Taats were carried out on nylon 00 nnd tue renults are
“anown in Table 3. Lumnenﬁa on the methuﬁ unﬁ aucuracy of
teat 'ienﬁ'th :.&QSurement &lw wp})z.}’o -

| It will be scan~bhab the value of tte pamurassive*
modulus renainod V1rtun11y unaffeated Ly chanW¢a in the
'1enatn ﬂinmﬁtew ratio providcd the ncccsaavy correcﬁiens wero

B mad¢, and providau no buaklinﬁ 0ceurred.\

In o camparabléwscction it wos ﬂuggesﬁedwﬁant the
walue of the tensile modulus depended on the tmount of
cxtongion. A& gimilor relationsbhip wdght Lo oxpected for
- dhe valuos aﬂ the eampreﬁsivé mmdulnag v hins mroved

ui”finﬁit in these exporiuents to conpross o sanple beyond 25
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withiout: thot somple buoklings Within this liedt the
behaviour undey combpression. scens to agrec with thot undep
extenoion. Fige 3 shous the tersile stroose~stroin graphs
oo the comprossion gtresse-stradn geophs superdnpoescd on the
some seolo and boebuse they oro in such close sgreenent At
ie felt thot this offers strong evidenee that tho initinl
doficction in chas::xsmsmm:; and the initis) defleotion ii’s
tensdon ove similor.  Mhe sudden change din the compression

curve denotes thoe onsed of bneokling,

| éﬁ&z in the cose of the tengllo sodulus no neasurible
offect on the compresedon modulns wos nobed when difforent
type grips were usads X uon éawm;iai &:imﬁf she tost
apecimen he wéx*timk ond for this reonon 1t wos possibly
easier o 1dne up the sopplos nownted in ;-ﬁrzsllgiité fs*«’%it;i‘é,‘ the
Bore of the tubing, or forncv; i‘&f‘-ﬁﬁ an & guddes It woo
found however thaty, with expericnce the vico grip conld be
lincd up scourotely, 'ﬁ;;y Tow resultc, op unduly verioble
poondbs would sxzsﬁﬁeﬁiﬁfﬁﬁaﬁ the saoples were not ve:*ﬁitial |
ond shralght when nountady the oueve brookiog owiy ab on

carly point dn conpropoions

it hes already bLeen rentioned thot the tensile modulus







rmulta al:tn:tnua hsr um: m’: the rmm aamsxbly mwi i.ue 1&n&.¢d
asaemmy were aiﬂilam 'I:zm rc‘asm for us:mg mms rlgm
asaer*bly wﬁa that xt; had g;:;mwd ertrenely dif€3 Gulﬁ La ‘
fmmpx"mw o gszimple with ‘bﬂﬂ" Emfth@d paaenbly h%mzw fbhe hyﬁmm
mallzr bent aton },.mh tgms vendoring the tost uzze a:sza:su ,
Snother rm}zaﬁ.mut;imt was tc} secure tho Ii.tmd (:Qli. tmi.t
' ~:'Lc: t%m *‘mm m’ thc} inst(runent; ao Ghat Maex'(; wa& no -
- fldsploces zent. ﬂi‘ tiae umt zmdm- ﬁlm upword throst m’: txw
erogshedd d wixw co “;;*mwswm 1‘@ iwes heen msezumed +that the
VA a0 tpﬁ‘ﬂﬁi‘)h Emhﬂvimx‘ w:lfs‘a the ri**u! aﬂwmm;y iss aemvaw and
o thob a fair whw off ‘bﬁw {:ea:z:;‘amﬁmﬂn modulus c:-.m hie ab'wixmd
anigl iy s felt Lot this mpmm;mim i ms&tmimﬁ. |
| it wna n!.ﬁu mms:mm-ed tmf:. mmmm i:il:;“e&%dy mda on
- Ag;m k’f’ﬁ{)ﬁﬁﬂﬁg mn:i.wz, tmlibx-miw, ami ﬁfm&d mmm a:!.au ap;:»ly'hj
dn the cose of cmpx*mﬁmn tmﬂising as, apﬂm i’mm Bho
ﬁlrm:t.mn of nmszs!maﬁ izmvemm a1l cmmmmm wi? wat
"-xmm sinilore | S | o R
| Une auhatandm{: po:i.m; mquimd to t:a ahecz (‘sd; nuxhxely
timt Lhe lc_-aci mn wnum x-ucumi mm% m.il,w lw a:a.’imd nag;ative
lﬁausa‘ | ' ) s e
In poriel tee the Zing‘{pmm g ‘i}tﬁﬁtt}ﬁﬁﬁz;iﬁiﬁi zm@ toad
-am’*msimndim to zero pen Nﬁ:}ﬁnw,' ab i:!m '-ém?é opdincte Zh'f »»f

Hhie c&:amﬂ . Pen mmmma 38 bhon s:ml.n,bmtm ww 'i:.%;e mfiuircd’
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load range such thot tho abseisst sople of the choart now
éérm&gpwnﬁs to o g@?ﬁéﬁuiﬁﬁﬂiﬁﬂﬂ:ﬁﬁﬂiﬂi Thus, provided the
colibration switch ig nob altﬁred@ the displacenent of the
. pen about any obsecissa {axds ) repcdns constont, but the
aetnal position of the pen con be altered by the balonce
contirol to any desired zere ordinate, The pen pesponse of
coupse ranavds,meéanrcmcntﬁ of deereasing load as well ag
sieasurenents of dncreasing load, an cxanpde of this being
found in stross #éiéxatim, kﬁ#pﬁ#iﬁmtm Thus it con be
aryongoed that the pen zero 1s sob at the nild point of the
ahg:ic:ism! scalg with the displacencot of » Bayy WU gf. arroanged
té%gpi@gid@f@iﬁh a unit senle divisdon., If 200 g, ore added
thon théwgénwé%aPOnﬁg will Le indicotod by the pen nmoving
R AT div&aiﬁmé Lo 8h$\ﬁi$h§. ig 1@% e Bro reroved thon
the pen will mave“bée ﬂi&iﬂiﬂ@ to the ioft. @aé'méiiﬁpatien
of the En§ﬁpbn,w@hhzﬁhe‘g§rnml 2oad cell and vdﬁi& am$emb1y,
for Lhe &ﬁﬁ@éian end ronoval of 100 ggina& is now kﬁaéﬁ.j
It would scem ressontble to ossume Lhot if the HORn

Posponsd s one division to the left when on upward lood of

100 g; is opplicdl to the lood eell, thon the load eoll is

copable of measuring the lead c%hpaﬂﬁariﬁticéwﬁiﬁh'upwards
AR loction. | | |
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Thia wns chaukcd by plnaing 104 the on the jow
n&senbly 5O that the “mn rﬁcorded one divicion to the x‘ipsat;, |
nnd.t;en nlacing iﬁm.g.'on-nn.end of o simple neam pivoted
abont :it;s misd point aad "arﬁéngm By that the dbwnﬁ&x*d .thmaﬁ
of Lho wei at was ﬁniﬁncad'by7tha oqual and wnpword thruét on
'tsm ,;mt it sm\b},y. | ‘E?hcﬁ.'-*énc':h "reazmnsé woE one division to tha
'lc:x.t. in et vher vords fm ei“"ecb uas cquivalent to 'l;lia
Pbﬂ@?ﬂ} nﬂ& zm&iﬂinn 0* 1ﬂueﬁ. 1qad.~ Where‘nbe-limitnﬁions
.:tD thc ﬂu¢ af a L@naxle lnan ncll in thio waye e cell is

n?mbrutad to & cnpacmty mﬁ kgfly and tnaru i85 & snfety
masgdn love that. it of o fupther N,kgﬁal- There will not
Bor Bl s ﬁa@maiﬁy.im ﬁhe(mmvmrac‘ﬂipﬁﬁﬁiéu; but the eell

hog boon used. suocessfully vp to o capnocity of -0.8 ke,

Ge "@etﬁilu”wﬁ ?ibﬂéﬁ;

| heﬁnils of the fibres used ln'bhia &GLM&QH nave been
‘given inﬂTab&e 4 All Leat sampiea were htrniyntﬁuud ut
60%¢. and 10,3 roite under a tensdon of 0.1 gi/tex for 2
minutes. ‘They were bhen conditioncd ot 20 X ¥ 2%, ana

G5 f‘ﬁ%‘r.h. fnr 48 aouvﬁ,and tested under'tnese conditioqa.
.?arﬁiéﬁlnr caré wab ﬁakén that sanwlva for cumpar;son of
‘tensila and compressive moduli vere preparcd ot the sane

time s0 that there was o minimum’riak of local error,.




nylon 6
 nylon 636 ,
polyethylone
polypropylene
Saroan |

Terylene

. Table 4.

nean

255

252
205
160
353
272

e

2ed
1.9

53

1.8

349

’3‘.'1

nean

_and Dending Experinents,

T

1.3
1.4
244
1.3
2.0

8,0

Pibres Used 4n Teasile, Compression,

77
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The diometor of cach test sample was neasurcd to an
scouracy of onc per centy, the nean of threo yeadings being
taken, and when nacaséary the welght per unit length of tho
sauple wos also dotersineds

Ten results per siople per test were toakeon,

G Rosults of Yonsilo and Compression Bxponrdp

The value of the tensilo modulue ond the comprocive
sodalus vore caleunloted as the tansent o the stregso-strain
carve ob the point of zeoro lead cpd extensions In proctice
hdo wae ofton eguivalent o tho strain wodulus ob 0.5 per
cent strodn bub wes usuolly higher than the godulus ot 1,0
por gent obradn. The sodulus wae eipreossed 48 stress op
opeeifle stress, the erose=-peotionel arce liclng caleuloted
Zpom & knowledge of the diometer of the £ibro, aﬁz the count
of tho fibre being knmmv.«

he seen voalues of the dndtiol tensile and comprossive
nodudd and rospective strain modull for certhin monmﬁiinment

mobordales hove boeon ghowuss dn Yable Se

7e biscusgion of Desults

Takins the forepoing factors ond vordables into account
it do felt thot the volues obbainced for tho toengile ond
compressive moduli of coch meonofilament notepind show a

remarkoble similerity to onch othor ond thot within the prﬁéént
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Timits of expex*:lmuta% ceenraey they ean ke regarded as
ﬁfiﬂﬁio, A conment on si;am mmax sigaificonce has boen pode. later.

In the survey mention was made thab volues for the
dnitial smodulus of mony materials vere avadleble foy
soupardaon and Yable 6 shows sOKQ oi these rosults tegether
with thelr souvea, Alimi@imf; fopr variations due to noleculop
orientation ond mothed of test it will ho scen that the
values obtodned dn the pregentt aapordments compore faveurably
with Ghoso other results opd this hos LGeon talen o
Vcaﬁ‘*:i,??ziem:mn oi Che experioontal procedure,

ib s’:‘cﬂimm Shat AP the teagile rosults wero covrect
hen the compression resnlis phonldd aleo Lie corvect as tho
procedure was 8¢ siollor 4o that usced for strotehing the
miGerind end vag checked umgm by stages Deforo congidering
tho cm;mvmaion vosults Imzwvm* further conmant con e pade
ropamiing the value a‘.{’ the indtial poduluc ond -thé‘ teneilc
strodn modulus, It hao boon ehown that cons dderable chenges
in tho va:m@ of the Young's podulus ave possiblcs The
ronsons for these hoawe bo en ddeoquatoly deuendbod but the
extont of sueh chonges wey be mumaerized. The differcnce
betuween the value of the modulun ot zero stress ond strain,
e sbress ot one per cent stecin hos beon found to be 2 drop

in value of the order of 107, The value of thce modulus
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counld chonge Ly 59% due to prepgbﬁtian, while inepection
of othep reﬁﬁlﬁs'auggesbed that the possible ronpe of
'mﬂduluﬁ ofifibraﬁ‘ﬁf the sdne type woas also 500, Fluctuation
in.vuiuc dua:to chnngcs in atmespheric conditions have not
been considered at this stoge. ‘ ﬁ |

It s felt that there is & strong case for defining
the proparation of test aémples ap well ps conditions of test,
The dndtiel moduiua_valué is ratheﬁ an unraﬂlistié voelue
aubject to error in nctunl peasurconent and it is thought that
the strain wodulus is ot once o more realistic term, is more
'defiuit179,‘aﬂd nay possibly be extonded to cover any
pémticulﬁr‘atrain which is expeeted to be represcntotive of
the end use uf the fibraﬁ‘ It wae noted tiet the value of
‘the podulus hag Leen aﬁpress#& in vardous units in the
literoture references but beyond commonting thot this renders
imnediote comparison difficult, discussion on unite will he
kept to n~1ntar‘point in thise themis, $imilariy the question
of stroin moduli will not be developed farther at this stage
becouse of the bﬁﬁtrictive poture of comprossive strain
~ leading to bueckling,

Home diden of theo pﬁﬁgib&ekchanga in volue of the

tensile modulus hos Leen given ond will be counsidered nore

fully in comparing tensile ond bending propertics, whore the
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oprdor of strain will Le shown to he hdngh nnder certadn

sdrounstances,

Several weriters have coniniented onithe decrcase in
modulus value with deercosing test leagth. it ham boen
shown that decreasing vhalues will bo obtainoed unless the

actual strain of tho sanple dis aconrnbtely messured end the

author is sotisficd that failure: to do this is a major couse

pf error. Agbinct this there do the theory of weak links
propounded by Pesvce  and otliers = o This relates to

breaking stress and strain but if therc had been sone

eorrelation with initinl vield the natlulus values should have

inercased with dotreonsing tost length.  Thie was cgually

not the cnpos

Thus it is folt that the velue of the notnlus is

uneffectod by the test length provided the gradiont of strees

relovant to gtradn hos boen oocuratoly obbained and that
Lhe values of stress ond strain ore such thot nceking, loteral

conprossion snd sipllar offects do not oceur,

| ﬂachersl_measurcd the dnitianl m&ﬁuiuﬂ ol eonpression
of & ﬁyion ponofilonent and a pelyothylene penofiloncont by
means of o single lever chainonatio lﬂ&&iﬂg‘&é§ice, the
compressive defornations bedng measured by means of o
trovelllns miorosconc. e concluded thed the value of the

dndtial modulues wap strongly dnfluenced by the helpghty
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dismeter rotier of the specimen, being generally below that '
of tho tenai$e“mmdulns bt awpr&aéhiag that value as the
hodghty  diomoter rabtio was dnorenoed.

Bxbrapolotion of the dnitial n@mybpmsivn modulus to
the a&ﬂa,gé-ﬁhm iﬂﬁiﬂi%ély long specinen ﬁr¢Viﬁea rodull of
conparative valﬁ@; Ixact expepinentel detadls were not

given and ore not rendily ovallablo beling epparently contained
in un,gublmiwd worklés'w? . Yhe range of heodghtsy ﬂﬁ.mmm(}x’
rotios woere from 0,4 o 3.0 and, as ;ﬁ?tz;* ag obn be gothored,
the sanple was unrestroined slthoush naﬁ hubwicotod,. Tho
range of percontase stehin inposod wan of the order of 30 to

5 pexr cont bt from Inspection, thoﬂc wat o Qifforonee

in behoavione with chonging hedghts niameﬁer rotio from at
least 1% gteoin. the method veed for the ﬁ@ miva%ian
of thoe tenesile modulins wos nob given.,  Fron vbé% mﬁfbrm&%dﬁﬂ

i available the #olloving iﬁemg are of iﬁﬁmﬂmm%;- The value
| of the &ﬁiﬁ&al nnda1vs wae ghown to bhe apppeoneching that of
the ﬁﬁnﬁ&l@ modulug oo the hedght disnobor ratio inoreascd bub
tho higavaﬁ value qumtaﬁ uhs 2.0 whorene in t%iﬁ worl the
 gareleye! mﬁ rotion wore from 4.0 to 16,0, Tho valuo of A%
atrain showed o minimmm difforence botweon poduli ond it is
at these low oxtenslons that tho geod for ooo MR ECY hos to bLe

grentest. The e?fecﬁ off ﬁﬁﬂﬁb&hmﬁﬁ codulus with deoreasing
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hedeht e ﬂi&maﬁab pptio ds sipdlar to that nobed for the
tensile behoviour eodior in this thesis., The roason then
wag found to he due o an oxporlmental ceror in the nossurcment
of the oobual optension of the spooloen dite to fadiluve to
allotr fop the novement of the top Jew ososenbly, and when thie
was covvested the vhlue of the modulus rentined unchanged.
The extippoleted volucs of the comprossive moedulus ond the
volues given fopr the Scuslie medulus ore lov conpived with
thome gquoted fvom othee sonress bub it hag Lo boe cseamed thot
this wos due to tho type of nylon and polycthylone thab woe
wed din bhese erpordaonts .

?ilwagzniﬁa moeasured the compprossionpd hehaviowr of
aylon ond recopded & difference in behovieour botween the
tonslle sad compressional propertics. The method uvsed for
moasupdng the tensilc propordics was not sboted, but the
compression valuwes were obbained on an &nﬁbrﬁn by neins of
o compression load cell. The beoardng surfoces wore Lubricated
in opder o obtaln as nearly as poosible weaxidal comprescive
stroso. Mo ovidence of buckling wes yvecorded end the
defieotion of the leademetstrding cell wes aliowcd For by
meaourdng the seporations of the bearing suefocos. dhe
hedehtt disnoter rabid was slightly less thon 2 amxd no
volues for different rotios were guoted. Miles recorded

the stregs-abrain cuapve ol nylon and stataed thot above sbont
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vl‘ffv ntx*ain the curve for the nomprm%:icm strain ﬁi;if.i‘mx'mi *.i’mm (
'%r&t of i teﬂalln steadn but that the ace vn&y Qf
";z;caamwmzexm "w.a&: not amf:i?ic:mrri; o detemsing Mmmmxr Lhe
gufy&s below 1% ¢ ““ﬁ@lﬁ werm Wl ?dbb, ddentiealy At 8%
'ﬁéfﬂiﬁ4ﬁhﬁ*$%bmﬁﬁ e conpros pion was ehowb 159 less thon
‘v,‘-ﬁ:imu :x.a “iﬁezm‘ié:ia Fentdon was also sz*s:ét.’ie;: :&iaaxi:- b clostie

: i‘“ﬂw@%f’&’ ol '*'5“-"‘ Wihﬁﬁ‘%“i 53?5%511{3?1&:". WS - mmm**m& 3.mam m ;m.
‘what off the &eﬂsimm‘;x-g: am,pilc-x up to ebous 107, steain. sfber

]

".z:a c;:%z Lhd b wwa Qn.im.wimm. |
':iﬁﬁéﬁa‘if ag *ucmen“ hgwicﬁn‘ﬁhﬁ reoudss of Miles “ﬁﬁ
'x‘*&:%zé}s:l‘é:‘?«ahava: :3.:* ﬁﬁmt "E um r:amz‘;s‘m&et tvat Bhe v ?me:: fopr Ghe

:Lla and c-mwa“ H:i,v a*a:a-x:;%mlm; de similar up to 19 ebeain, -
,"i‘imrmf‘mv i:tmah::fm of Lhe mrammumm wrvew AL ﬁ&i
‘mm’b ‘imm‘,li:;g; wmum ﬁw what &grmmant need ae. Zimwcv be
f%xgﬁ@ﬁﬁﬁ. 4& &ﬁ Qansldermé thnt th agpeenoyh o 56 mu;uesta
“hat @c connents msde dn o provious mc’mm ﬁmié;’m‘;mng*ﬂm
iscwv*}*% uf sﬁ *s‘"*mh ie are -*‘4@**:&“'7‘»%;- - When 4l w h«mwv i:svmt
| *zma J} MAer ai‘ m,.umsmw 3t T sg,wimn had sot hod tiac:. ef ec
‘ahgnaﬁud from chSQﬁnra don of othoy. wri»nr& and that 56
g}iﬁmmncc :amd Zu.. 31 found t;mt% Ben sanples. xflampc& an d hence
"**ﬁi:ﬁe;a‘x‘*: gez‘eﬁﬁizi?ﬁ,' Cand '-isxw;sws" iﬁmﬁ* might be c:f‘:mssm;(ﬁx"ezz tata] s:smbgimﬁ;i
&0. w.isua* a;‘*.&y‘

The ag memx in ‘mmiﬁﬁnﬁw BUGHEBLS 'Ls wb thore. is no

diiference ;.mtm*m @.Lam p fedotion, and froe ‘a"aﬁ)l’{ﬁi;.i.ﬂ{ t;
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least at low valuaa ef atrsms or 3$rain. | The speeimon in
'tha wﬂrk parricﬁ out Ly Backer wae a&sa unre&traincﬂ hut wes
nov lubrmﬁataﬂ ond Backep ﬁﬁﬁﬁ@ﬂtﬁﬁ that there wes no
‘éviéenéa éﬁ‘thﬂ spaaimén'bérreiling despite the difference
in xnitiai mndulus ehtamncda e wonld appear that thore
were no narﬂ o annieal znnﬂa in these oxiol tests of fibre
ﬁamprasaxﬁn hacauﬂe~if such pones existed the shortor speoimens
shnuld have uffureﬁ prcnﬁar registance to ca&prnsninn. |
Very short samplns of wnai were used by ﬁenby -n
‘ measnring the modulus. uf Lerafln iﬁ camprgﬂsian. it had
| bean ﬁhawn by Lﬁalmﬂn ﬁhat, for a block whose 1onﬁth xnd
diometer are equal, the crpor introdueed. by neglecting

friatlon farcna betweon the end bloocks and:the sﬁualnen was

- loss thun Sn; A1l cmwpragaien somploes were. out Gitch Lhat

the seetions had apprnxzmatnly equal length oand &lﬁﬁﬂﬁb?.
Small iﬁcramenﬁs af laad.were &ppliod to the aampia anﬁ an
utrain neasureu by an mpﬁieal fsothod inVﬂlving’uha change
of the iuterference pa@tern. s wnﬁ stated that there was
linﬂar btress sﬁraxn from 0426 to 1.2% strain in tho. doy.
.$ta$& and fron u.ﬁw Lo 1.3 for wet fibre irnu wideh o dry
¢0myressinnal modulua of 9‘5 X 107 pﬁ/c and & wek wnﬁulus
of 2,8 x lﬁ’ ﬂf/cm were obtained, Thﬁ datter voluc was

roeduced to 1iS‘WReﬁ_thﬁ bime of test wos increasgdAtaq
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2 minuﬁeg. The comparable stretching values vere A4 x
107 gf/cmzldry, and 1.2 x 107 g&/cmz web bosed on & 5
centimetre ﬁést 1ength.

Unfortunately Denby gave no details of dry conditions
and it was not possible to cénqmrehhe blmes of the two tests
exactlys Some idea of the time dependance of the property
wae given by the 50% reduction in modulus value when the
time of test was increaged one hundred fold. A high value
might be obbtained from a very short test length bgcguse of
the 15@& of weak links but a value 6? 8 x‘197 gf/émz for
the temsile modnlus of wool has been given by Kéughélman:mg
and in fact this order of vesult scems t@;finﬁ gencpral support.
The low value of tengile modulus 6btaineﬂ by Denby would
theréforé‘apﬁear in- doubt but for reasons unknown,.

It was stated,thaﬁ the amount of compressive strain
that conld be applied had been limited by the tendency to
buckle, According Lo the iinean theopy of bucklings%'%

ol prnvided-ﬁhe sampple haa\bgen cnﬁrectly mounted in a
verticel position velative to the compressing surfaces,
the saﬁple should remain Stra%ghﬁ a& long as the load remaine

below ﬁulep{s‘critical value Fcr vhere the valug‘is given byse

! ) e “in




for a sample with both ends free, or

for a sample with both ends clamped where E 1is the compressive
modulus, I the moment of inertia, and 1L 1s the length of the column
under compression.

‘Application of the latter formula was attempted with the present
regults for nylon 66 (0,16 inch test length) and Teryleme (0,12 inch
tost length) but it was found that buckling occurred before the (cale
culated) values of load were reached,

Fcr

nylon 66 = 4 x 9.87 x (27 xfloé) x (3587 e 10"9)

(165 x 10™°)

e il

204 kg

¥, Terylemo = 4 x 9,87 x (10 x 10') x (310 x 10°)

(92 x 10~ )

“ils

12,0 kg

Inspection of the load compression curves suggested that the
critical loads were nearer to the values that would have been expected
for the compression of a sample having both ends free.




one reason for this might lie in the difficulty in ensuring
that the sample remains absolutely vertical during loading or it
may be that the sample was bending in such a manner that the effece
tive bending longth in practice waes greater than that presuned in
theory, It is considered that this aspect of the work requires
furtbar study,

Above the critical load buckling occurred and thereafter
the stress~strain curves were not directly comparable, Up to {this
point however it has bgen found that the tensile and conpressive
stress~strain curves are identical,

Values of oritical load were calculated for the date
glven by BackerB_ 1, agreement was reached with the apperent yield
value of about 0,08 p.s.i. for the polyethylene sample where the
height diameter ratio was given as 0,706.

According to Backer however as this ratio increased the yleld
gtress increased slightly. As the same sample was used each
time so that the diameter was constant, an increase in ratio
implies an increase in test length which should result in

a decrease In the value of critical load, If it is argued
that the height diameter ratio is: so low that buckling of the
sample cannot be recorded, then the change 1in gradient could
be due to failure to recomd the actusl strain imposed
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Cbut the yield point dw s»&ll ﬁﬁa low. A possdble explanation
might ba that it reflenhs B cﬁmpramise between the yield
‘pain'b which shmzlﬂ be himimr and the buckl:i,m\ point which
shonld be 1nwar. ,
A@plying the ﬁ&ﬁ#ﬁg~@f buekling to the rosults ghown
_ﬁy Milaﬁ-aisa-givaa.snmé inberesting resultss fThe fibre
was ﬂylﬁﬁg>lq5 tam ﬁi&m@taﬁ;‘with a test length botween
242 = 3.7 ﬁm. The modulns was not quoted but would appear
to be ahﬁuﬁ‘ﬁglﬁ g/den by dinspection. By ealeulotdon She
volue of the epiticnl load is 0.3 g/den., which again by
insﬁﬁaﬁiﬂn app&ar&&ﬁ reasonoble vaiun coineiding with o
morked yield point on the campresaxva siresaesbrain curve.
- Miles olso measurcd t;hca alastio remv&by of 8 Bouple
afﬁér toensile, ond ¢ampr@ssive, strpin, Llnatiq rowavery
has beon considerecd br&eﬁly in a later &hnpten bnﬁ connent
son be node that the author hos found high, and equal,
regovery from low stroing, whoreas Miles reported @ low
pecovery from copprossive stroin. o
| F’inaliy mvex'tsin@; to the px*(xzaaenf: resnlte, the mean
vaiues of toneile and coppressive moduli wore checked to see
whother the ddfference botweon tho ;‘*m;mativa BeDns Wee
| staticticolly significont. It was found thot for o

probability lovel of 0.05 the difference hetween the means
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did not cexeced twice the stondord orror of differcncc, ond it
was concluded that at the prosont lovel of experimentol
becuracy tho ﬁiffarencea botween the values of the tuoe wroduld
-were not sicnificont,

For tho tnnsilé and compressive neduld te be the sone
“the stressestrain velations in tension ond anmpremsiaﬁ‘ﬁumc
be the sane, A practical illustration that this ic so has |
boen given, but £rom a theoreticsl aspect this would meon
that the propertics of strain, ereep end recovery, and strous,
transmimaion'nhd decay, must show similar tondencies whother
stress 16 positive or negative, It is known that the histoery
of a sample influences the value of ecither modulus, and the .
serple coan be regarded os being stable ot an instont of tire
only-ﬁhnn-its'ﬁtrﬁétur@ ie ot equilibriun with conditions ﬂf?'»‘
tcst.4 Given a smoll inercnent of strotehing strain and held
ip dte new position, deony will oeccur such that the poth of o
subsogquent small inoprencnt of strain, rocorded os.8 strocse
‘gtroin ourvey will repeot the gdﬁh of the provicus chonge in
gtate. Alternatively, 4f after the first increment the
sompla is not held then reaovery ccours and again‘t&e pabtorn
con be repeated with o subseqguent inarament; it is argued
that il the samplo dn the, stretched state woere subjooted to

connressive sLross thon vecovery mipght be aceolerated but the
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9aﬁﬁerﬁ m§ bchdéidﬁr*mmﬁlﬁ be the come ot least in serde
'aﬂtatigyﬁgstsvagﬁ provided ﬁh@'inﬁréﬁents of strein wéra-law;~‘
_‘ Phe E}é'imviaui' 'témm e t?-ia sane if the sonple wes given ene
inerenent of mmpme’s;we stroin m the Ffirst instonce. It
de aggrmd thnt i'.sui could only m c'xpeatmé te be true o
‘«xz:ms‘m‘i-;;m Whose g%ﬁggrm of orientotion ond crystolline/ amrgai;gcma
content woe Buch that the molecular chains wore not in a
fuily extended rigid porallel states The offect in foot

| aim .'L:mhenml 't‘-ﬁ a trellis xmtwrk where the force requimd ta
atretan 3 o uiase tha 1atti¢¢s ! ﬁm&l& anount fram an
1ﬁﬁermadxate mﬁaxﬁiﬂn could be the sones 1ﬁ i& aﬁpreeiaaeé

| Lﬁmt this is pm‘rw;m R over=s Anplification of maﬁ& becouse of
| e aﬁmplox u;wrms re&atmgw to olastie lmhcsmwr but cone
”vﬁummrh s %men noted ,;m the conments by ‘\mrczmtu* on the
m:&aﬁiﬁn %mtmem areep and mae::vm*y.» ~ ¥he poseibility of

a smm- :img;é’ Rﬁ%et‘;ﬁ:‘ém tho twﬁ "pmpértmﬁ wiE t’mmscm@ opd the
f:,,tat.m zems made thot ammpdixxg to nnltzmanniﬁ nup::rzmmtmn
§’rim;::£p3,e, mmval of laad con be roegarded a6 mguivalmxt to

- Bho Qp@l&nﬁ%iﬁn of & negotive loads It ;a;hnvwn tnaﬁ\ﬁh&

o 'ﬁizz:lﬁial 'ﬂtmsséaizmiﬂ x*ﬁlaﬁipﬁx, vavies es o function of. tine
Al the rt;s:iaxm;i(ﬂh of ﬁtﬁxﬁ'm;}sfw copdd sm‘*fziim is olgo
.apgréximaﬁﬁly»iiucér with time ﬁn“a.iﬁgariﬁgmia baslss No

}ga@fimm to Uthe rolotionship hetween compurative rotce of
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additional and subtractive stress hos heen found and 1t would

bo oxpootod thot consideration off vawsious rkﬂnl&gi&&l'moﬂcla

would be eoguired but duvdng oxpeprisontald wik oyolde Considlde
1 P

CoRpPOBoive Btrons-stpain oneves were obtained which wore
sluilor Go fopceslongth ourves discussed by Stedn ob niu” .
In this papor, wideh was port of o sordes on styespestioin
rolotionsy 46 was stabed thob the Forcoelongth workdng cupve
deserdbed the hyotercsis behoviour of @ lasweld clemont ot
constont clongation rote, 2t wos fuprthor stoted thet
gperabions wore nsually only SO for positive fopoos hoeoin e
on bhe impamsibility-ﬂf comprecsing & fibre. The present
cxperinents havo showa thot heavy tox nonoffilovent soltorials

sould be used for further study on this point,
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CHAPZER 4, ~RENSILD AND DUNBING MODULL OF PIDLES.

;.,"Temﬁiin M@duluéé',ﬁegt M@ﬁh@ﬁﬁ'fﬁr-m¢mamﬁiﬂg{

,2{ .ﬁ@ndingﬂgbdulusx_ Tgﬁt.ﬁcﬁhaﬁs for Meosurdng.

_3{ pactofg éffecting‘tﬁe Value uf:the ﬁendinguModuluﬁ.

4o  Testb ﬁéﬁﬁéds,fﬁr Measuriég Ffictién and Hirefringﬁéce.
5. . botoils of FierQQA.

Ge gﬁmulﬁa_af Tengilo ond Bending Experim@ntéo

7. Bisgcnesion of Hesulis,
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CUAPTER 4o  RENSILE AND DENDING MODULUS OF PIDRES.

One dntorcst Yoy ;i.x‘x the seasurenent of o dndtiol
tensile modulus to allow dipeoet compardson with the bonding
volue and this invelved %hﬁ.éﬁeuwﬁta rocopddng of the abrcose
strodn pelationship ot low S

A gupvey of liﬁeratuée»haﬁ shoun that there was no
'éﬁﬁﬁifﬁc‘ﬁﬁatemént thot ﬁhﬁiﬁensila ongd bending modulus of a
fibre were @Hé‘éﬂﬁ.thavﬁﬁmﬁltﬁiﬁgi in foct thore were a
gumber 6f'dgn£&i¢ting stotements and 16 wos hoped thot the
probgotis for these mipght he found Ly a ordbtical exumination
. of test wmethods, |
Howgver the strodn wos also contdnued up to breoking
point to alidow inopection of strain modinlus volues and
3@mpﬁbi$an;é§»tené£1§ snd bending moduli nb,auy‘@articular
stroins It wae hoped that such rocults would Le used in

lnter work concernod with the stiffoess of o paterial,

La Tengile Modulit: Tost Nothods for Neasuring,

The generel prindiplen of testing vere kept the some
a5 previously deseribed oxcept for some minor modifications.
4 ten dnch test length wae adopted as this proved @

convenient longbli for measurenent, colenlotion, ond accuracy,
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but-teats-weraialéo mode on lengths over the range of one
to0 ten inches o8 a further check on the work of the previcus
section, Uhen a 1ungér length was used and smallratrninﬁ
were>involved,‘ﬁhe chart snaed_was restricted to te# tincs
that of the eresshead speed becouse of the reduced need for
ﬁaﬁniﬁigntian of extension. For stress-strain rélabionﬁhiﬁs
up talhbﬁaking stroin little or no magnifieétian was required.
Load Cell €, 1&%ﬂkg éapaaiﬁy,‘was used in place of Load

/61l B vhere requircd, the normal linked assesbly also
being'uséd, The erosshead éﬁeed.ramﬁiﬁﬁﬂvat 10 per cont
extension per minute for nll work involving smoll ctrains,
but was increased to Zﬂ«pﬁr cent: extension. per miﬁute for

strains abave’s per conte

7L

Thiarinatrumeqtl wos used for some work where it was

desircd to maasuré'ﬁhé tensile anﬂ_@ending:prnﬁérty of &

fibre under identical conditions. = For the tensile part this

involved choosing gesrs that would give a comparable rate

of strain tn?ﬁﬁg-bending test. The selection wus not os

large os that with thgnihatrén'and'itkiﬂ pussibie‘tﬁat £OH

ﬂi#erganeé in résulﬁhzﬁuﬁld_be attributed to n»timb differcncc.
The extension was magnificd 20 times giving on ordinote

of 1 inch for 1 axﬁension;J 5 inch teat"léngth.)‘ The
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abscisss woas usually chowen so thot the load scale woe of

the order of 2 inches for 19 extension,

Compents on expordpental dcourpey apd orrers are

lorgely simildor to those alyoddy pade and necd not be ropooted,

20 Lending Modulus * Pest Methods,

The bending mmlmiaf.tite mnatorials has been obtained
using the beam method and the loop nethod, both of which have

already heexi mentionaed,

‘smlmatizod used i‘nit;ﬁ.nlly was sinilar to thot used.
by Corlene ? . Roforenee will show that measurements of the
defloction of & Leon under inerenents of load are requireri »
the test length ond the diameter of the sample being
experimental variobles,

WVhen the Cambrddge lxtensomcter was used to provide
the necensary inerenents of load, the speed of the spring
rmotor was set ot two inches per pdoute and that of the fibre
motor &t six dnches per minute. Dy use of a suitable spring

the load scale was of the order of two inchics, ond the

defilection of the specimen completed within thirty seconds.,
The deflection of the b"eam wan nagnifded twenty tines by use
of o mpe‘éial gear nssembly fitted to the Conbridge; the normal
linit bedng Cive timoes,.
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AIt-wéuld'haveebéen:pbéfgpahle to use & constant
‘rnte'ﬁf dopression but this was not possible with the
. Camh#idga unit bLecause the‘qxtremely snall éeflections and
th§ limited apeed bﬁnSQ_invblvgdi(ﬂ.z inehes per minute wos
the smallest possible)'wnn;d have meent the deflect;bn Leding
| gqumpletéd ih*a_fractiﬁn of & second, on inﬁervél of time
well,éutwith'the sensitivity of the Gnﬁbridga. By wsing &
-1éuitab1a apfing,”éonﬁtant‘ﬁpringﬂmQtnr md goar rotio it
wag possible to produce & smooth loadedeflection ﬁuive with ;
both the load and deflection on-é‘suitabie scole.
| mhc instrument wos mounted over an oven so thot
, bending testé could be ga#ried>ﬁut uﬁd@r‘ﬂiﬁfareut conditions
of teﬁp@fﬂture and humidity. An outline of ﬁhé ossenbly is
ﬁhawﬁ,in Figure 4. The main changes from the usnal asseably
.weré:to lehgtheh the fibré support rod, proviée a sprihg
suppart rod, mount; the mﬁke,nnd brcplk ccntadt and ﬁaﬁ”fibre
Suppﬁrt in the oven, and provide 8 long 1ead to the control
panel B0 that some mobility wag po&aible. it was cssential
that the extennomaﬁer be mounted centrolly over the oven
with o miﬁimum of friction between bhe'maving rods and the
wall‘ofvﬁhe”oveﬂ, that the fibré could be eaaiiy observed
in qiﬁu, and the def&edtion-rnhruvvd. The mﬂhility of the
control pnnel enanrod that o test coulé be narrivﬁ ont vhile

observing the specimen, or the chart, um&chcvcr wag ncsirable.
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ALY sprdngs used were the standard Combridse oprings
which require a specific load (ounces) to extend tiem by
one inche The designotione were useful os a nepns of
roference o the sprdng uced and as’a guide to the ronge of
lqad to Do expcected, but in practice coch spring was
calibrated in grammes under the cqnaitiéna of test, ond this
colibration wes checked at the complotion of c¢ach exporinent,
& sudtable range of geanne weighte being hopt for this
purposes A chock was also pode perdodically that the
exﬁensiﬁh or deflection recopdod on the chard wag twenty
tipes that 0:{.’ the movement of the fibre assembly, while the
defleetion itself was accuprately measurod by use of o
>catﬁetum¢tep. A smalld kndfe odoe was linked to the loed
ossenbly, and two hladdes, éeb to the corprect distonce apart,
vere linked to tho extension nemerbly. The unit wos nounted
this woy to keop the weight of ﬁha aséeMbly Qs 1qw;as possible
s0 thot tho low lond, or more sensitive, springs ééﬁlﬁ be
useds  The rigidiﬁy of theAassembly had olso ﬁo:bé wdtehéd
oo thab there was no risk of the supports contributing to

the apparent bending of the sample.

Hothods  Inst

An Instron asoenbly was also uced, partly as o cheeld

~on instrunent acconracy, ond partly becsuse it wos deeirable



v
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tm her able Lo vary eertaiﬁ toob eonditions noPre eaﬁilv than
relel Eaaﬁibla with the Famﬁ&idye nﬁnemhly.

Lither Load <ell Aop B uas ohosen dopending on the
rangaAﬁf i@aa rooudsraedy  the single piveb uaé‘éusﬁmaﬁaﬁ From
the top Jow, ond the dosbruncnt gﬁguaﬁaﬂ w0 sempoenasitbe for

tho woight of the pivet, - The Instreon wes then calibrotod

o bhat the mdxiemm 3.{353532 ditely to bo &mmm!m% copresnontiod

o holf wﬁﬁ&@-ﬂe%iqaﬁimma

¥

A éauhXﬁ‘hlaﬁe soseably wae mounted dn ﬁhe lowey dow,
coro being token that who aamﬂmﬁi$ wan lovol and dthoat Ghe
pogition of tho single blade {(pivel) lay popallel to ond
miﬁwéy'beﬁwa&m the two bhladon, |

Tho ﬁr@ﬁﬁh@ﬂﬁ ﬁ@ﬁm@’waﬁ chogen oo thod the tloe of the
font coppespondod on neardy o poseiblo e that of the
connarabive Carbridpe Sent, wloss dhe offeat of spood of

tost was being ceasurod:  In sone oxpordoonte the spoed was

pdijusted o give potos of strbdn comparablo with vouello Geots.

A doeade poduction gotr was eosontisl, poemitting eposshend
ppeod to bo as lov as 0,02 dnchos por oinubes  Fhe chaxd
ﬂpeaﬁ vos seb bo the %“Q@?*&Lﬂ opogdy 4t ﬁﬁiﬁg posnibleo

to magni?y'%hﬁ deflection up o one Shongond tdsge conpared
with the linit of tﬁﬂnﬁy &im@ﬁ wi&h vhoe Cenbeidoe t&éﬁg . For

rnﬁvenimnea a nognificotion ﬁﬁ one hundred tines deflection

-wonld normolly be chosen.




108

With both instrumente the heon length selected wos
_daaéndant on the diameter of the fibre and the strain required
but wag usually 0.2, 044y or 046 inchess The ineh unit was

used becouse of ense of referonco with inpbtrunment controls.

- Loop pethod &

Beboils of the nethod used to measurs the flexural
migiﬁity of a loop of yarn by means of the Combridge
Extensomober hove beon given by Carlene 7, vihidle experimental
detaile concerning the use of the Combridge for Leon
experinonts hove been given aboves The difference is that
nessuronents of the amount of defleection of ¢ loop under
increments of lodd are ragquired, the test lgnﬁth.anﬂ the
ddometer of the sample sﬁiii bedng oxperduentel wvariobios,
Bhue the beon supports had Lo bo poplhedd,; or medificd,
it heing found easiest Go use hooks althouszh kniﬁﬁ.@ﬂge
supports wore also used. The load spring ond gear rabio
were aiosen s0 thot Ghe sanple could be exﬁeﬁ&éﬁ in o tine OB
neay as possible to that of ony comporable beﬁﬁqi The

deprossion of the loop was momnificd Cwenty bimes..

Loop sotiiod,. Lt

The teat nethod uvsed wis similax o thot plrcady
Aoecribed except that the beon supports were reylaaed_by

hooks, Core was required that the top and bhottom hoovks were
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o the same vertical plone so thoat thero was no lotersld

| displocenent of the tent somples Yhe Instron wvan zoroed
s that the wvoight off tho top book wes alloved fer, wnd the
mgzkw@mmatﬁ loed sensitivity chosen, The chapt speed
t:-z@‘ﬁ;ﬁsiagg vas one hundieed tizes bhat cheson for the aroaschoand
sobtliag

Lovps wore aermodly elther 1.7 & 4.8, vy 0.7 canbinetvon.
dionoter belug proparal ofn & Porepon Yoraare

| VA -»E.’:E;“‘sﬁ, found thot 4P f»{ﬁm gonple vee hold round 4 cireunlor

Formap of che poguived Q...amgﬂ dionoter, aad o seef keot Gied
so Ghid the £ibre was net o Tlovwed o sloebon; loops of the
appropriste dlonebor vonld he ooy | |

L plastie shoeath dn elose goihiod vt im fovmoes, oml

»

yob aopable of sliding over the surfooe of tho pod, enabled

e

she ppeeinen te b pomovwesd L.Juh thio mindoun of éiptortion.

The effect of ¢he size of the loop will o consldorad bub

the effeet off the pos *:&mm;a of the knot in m::“"&‘ fon o the
Ioop ax&zssmza%ﬁy Lhag alveady boon diseussed by Carlene ?5 whi
advocated Ghat the hnot he plocod at the 2 otolock positlon
ulth bho lﬂmh ; |
With the loop method 16 o the value of the flonupal
eioddity of the motepial that is obbodned, the va&u&a of the
!S&-:sisé?isw“ u:*a!l&ug‘ boaing obtained by subotitntion in the

SRR m&ﬂ 0 @Egﬁai’vi@ﬁg; hovigg caleulated the noment of inertio.
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 With both the beam and the losp method on the Ivstron
the crror coused by'tﬂg jaw displacenent is negligible
begouse of the low load involved.

3e | Faﬁﬁanﬁiﬁﬁfeeting the Value of the Pending Hodulus o

The faetors, ond the varlobles, that were considored
éﬁ likely to offfect the value of the bending podulus wove
bhe rethod of test, the @ﬁﬁdiﬁi&ﬁ off the sample, Che dioamctes
of the somple, the vest length, the perccatage stiain inposed,
whaile dnstrupent ervors lacluded the type of Leom or loop |

support used, and tise ond seale oflectss ‘

fobhion

" | lothod of test a
Valucs o0 GheSmeny eeaaue of all the vopofiloment

motepriole wewe obbadnod by the boum and loop method on hoth
Hie Conbrddge desenbly and the dnstvon, The conditions of
test were hept as sindlor as possible and it 36 considored
that the two methods ond bwo instruvents gove identical
vosults althounh the visk of erpor is deercased with the
Inston booause 6f£§ne‘ﬁrewﬁer conbrod senpitivity and
Indreased scelo magﬂifiaaﬁiﬁn.‘ The bean method hoes the
sdvenboge of giving a diﬁ@cﬁ‘#&iﬁ&'@f the bending modulus,
alloving the nméﬁnﬁ of sbroin to be diveotly nessurcd, vhile
the sensibivity moy be controlled by the selcction of @

sultebie test lotigbh. It doos veguive & reasonably strolsht
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\ﬁpcﬁiﬂuﬂ ang- g%a togh is ﬁﬁnminaﬁﬁa by the slipping of the
:ugamglaf - L
The 1‘“‘1} seth o haw bmm vsed cpammmiumy wev &

1?aﬂ§6 u& memaf*lamﬁnt nutnrzai; vae soneitive Lo ﬁhg at&t# ‘
s

Cof Lha matepial uulewh Qesay hag. %bﬁuﬁﬁﬁﬁ; &nd theres was no

wvﬁblem of slippaga. The imm&azatﬂ rcsult humaver ig
'flcxurml rigiﬂity,a calaulmtxon invalvzug angular ﬂxsplabement,
and *arth¢r ﬁmlcuiatlun.i& reauirea hefore the value of the

nﬁdulﬁa :ﬁ ﬂbtminng.

"  Thia ool naﬁ refar o ﬁha effec& &f ﬁemneraﬁure and
hwacw;y on. the' sample at the tise of mm, um; to the g
gouernl\payaicai atate cf tho sample aua to tﬁe pnat hiatery
o the sample, | ": o .'_ I

aefev@nca hos airaaﬁy bean mnde to the Qact that the
valuo of tha tenalie modulus ohtainad was very mnch influauned
by the sﬁata uﬁ tha mat¢via1 whan testn&, and that thie awalin
Eiwﬁ ‘o taa vnlue of ehe bending maﬁulua is ahawﬂ by thﬁ |
vnru&ts an ! abia le It is cansaﬁeraﬁ sipniricanb that the
ch“ngea in Lhe ?ﬂluﬁﬁ of the hending wuﬁalua cmhn &Q cis&ely -
the ckan&es in the valueﬁ ef tha tenaile m@dul&&.

A &e&enﬁ forn ﬂf the efxacﬁ of tho candition uﬁ tu&

sﬂmpla was founﬁ wnen BoOme aamplaa of the sone matarial, bnt




107

\,A

of d4ffeping diowetor, praparoed dn hoe sope woy uere Tound

o have o differont value of beading soduluse  Yhe tensile

sered l i g3t Selu ey g c:ﬁ.i‘ﬂu‘: foines e} 'x,v z Ji fy of o ::-{' e py Ao K*E StaEy g
BOURANE OF LRes SOnplal Wis thon oDREasnsd anc ag showh i
Table 15 {p«143) 3% wos found that the difforonse du modules
was podntained. Yhus dho valne for the soduius of 8 fibre

say vary Srom sepple o sample of the sebeplal vhare bthe sonples
goncidorod ave of Jdifforend origine

'y

A thipd Porm of the offect of 4he conddtion of btho

somple woas considered 0o Likely vo lie in the astusl Sofu
the moberlal, This moy be 4llustested by reforonce Lo
later work vhere the voluen ¢f the bending medulos of
zmulf’.a?.:smm nylon are glvene

Thopn are copboaln Giffinwnitlos with m&ggsg@éﬁ’i Lo the
forma of tho rkpecldnen, oot su sveh 0 thoe sebual oaspordasnt

“

nedn the colenlation of diasobtes, shope Fagtor snd monant

o

ol

ez

Coof dnerble and the best achhod of enpressiog She resulin
Shese will hove Go be complderad nepe fully do Sheds

Capproprlate secidlons

Vhether the value of the modulus is obtained fron e
vaiue of tho £lexural rigidity. Crom the beem pethod or the loop

2

sethod, the fined eoleuwlobion davelves the vaising of the value of tho
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dianmeter of the ggaﬁiman'tc tﬁabﬁaurth pewgr;,

Mentdon hos been made eorlier of the possibilitics
of error in the sctual messurement snd also of the presence
of snme)aéﬁugl vapiability in diémetgr, Table 2 shows the
magﬁituda‘bf'ﬁha difference in bgnding'mndulas assuming
different initial diometers, With fibres of the some
\hwmeﬁinl hnt difféféﬁt diasmeter there aneuld ba a diprect
relatiﬂnahip beﬁmﬁan>tha load ond the fburti pouer of the
diometer if)a11 other aanditipna are kept copstent, This
5@??&& ¢§ & meons of checking thot the correct aéflgqﬁienp
“?&E bﬁing uéed ﬁhile in wtﬁerfcaﬁﬁs\the lack of correlotion
confirﬁad tﬂe fact ﬁhaﬁ the moterials had different rodulus
camn tlmugh tiwy _'fvem ahemically sinilor ﬁﬁ.hzfgm, <

Despe  In theory ﬁhax‘g should be no difference in the volue
| of the medulus abtnﬁ.ned when the test length is aitemv;; |
provided that the strain remodne within the clastic limit,
ond in fact this should serve as o neans of czxecking the
acwracy ai:‘ any apecifle result or metiwa as the value of
the lqad pequired-fﬂr & syegiﬁig_tcsh<lengﬁhﬁgpqu1d vory
invorsely as the cubo of the test length. Iﬁ,is'iﬁpﬁrtant
that ‘@i’%ﬁ tosat J.ﬁﬁghh be acnuifsc:@‘e:iy measured 05 any error is
még,mii’i@d.v and it wos usual o cheek that the lond length
relaﬁiﬁhghip‘héids~ o “
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“ Apart from the question of cprors ond dccuracy there
18 a proctical point to be considered. IF the bean is showt
then the ﬂeflaatibﬁ”iﬁ'Smail”aﬁﬂ'a‘large ldad is roquired to
‘couse def 1cﬂtiun."ji£7£§é'ﬁham”iﬁ“ibﬁ&f tiie deflection is
ffactﬁélly greater and miy be more aécurat¢1y7menﬁubéﬂ,'but
the 106d requived mey be gnéll,  Thus for fine filocents
the Lovmer im Lhe more likely while for coarie filancnts
the lottor is preferoble,
'*{This of eourse is;diaéﬁunting the concent of bﬁﬂdihg-
in terns of porcentage stradns B
zggg:'ffn this cese the concept’ of length is cirounforential
1éﬂ§ﬁh,irﬁiatﬁ§;ta loop éibmnﬁnrféﬁﬂ;iﬁs will be &hown, also
‘rbl.txﬁmi"ﬁo mﬁéeni;hgb st;min‘, gi'xd‘t#éa"i?;‘uid"-ﬁéxéf'",izérnz raised to
the‘second pawar.v Rhe aecuracy-ﬂvpends on the acaubacy of
._thc naasuvememb of the loop. diamatar and whmle this ceuld ,
bc taken.as aquivalant to the uiameter of the fornor uaad
for: tne mnking of the loop wiere fina filamenta were inwulved,
:ﬁha ﬂi&mﬁter of the loop waalusua;ly\chgcked by mggna.a?
janﬁhetameber measuronants.
| | In thaory, again tha value ef thc flcxural rxgisty,
: and hence banﬁing modulus, ahuuld be xndnpanﬁent of teah length
( p?ﬁ#xded thah the ﬁtrain is wathin the elasﬁic I;mib, anﬂ

Bone further comment is made nn tnas ﬁoint in the next aectxcn¢
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It can be stated that similar values of bending modulus
were obtained with differont tost lengthés  This would
support the contentien médé'ih‘thé tensile section that the
results so often attribubed to a short;test‘lengﬁh'éré duc

to failure to record the ddtual change in dimensions

| It was shown in a previous secbion ‘that the valua
obtaaned for the tensmle modulus of a material was dependent
an the strain imposed, the valua of the modulus usually
dr0pping outwibh the truly elastic region, and this ‘has been
canfirmed in ‘the present section. | |

o It might be expected that the value abtained for the
bending modulus would also be affected by the ameunt of
strain impogedtiﬁring bendings - This implies consideration
of thevmethodsiby which such strain méy be estiﬁatéd;'ahd'
of the extent of a true linear rclationship bebweén7stré55,

and "strain.
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Roferenco o Piopure § will show the possible

Cgoafigurablon of 2 beonm undoy atrosss Tho folloving eronple
hae beon doserted to phow the forn of coleulotions Lot the
tont length of She somple Dotween the boam supports. be 0.0

S beehes and the diancter of the sample he 0402 dnchose
o 2 vhere a is the radius of the somple (in).
Then Straln = 3 and # de the podius of curvatures

Csupvature = ':"' .

gdn® = L

#

¥ vhere £ i half bho test longth of the
| senpley
¢ where ¥y ds the deflecticn of the

sonmple at the pid point.

ands; Cos © =

@&mr‘éf&ra for one per cent strodn ve roquire thot

0,01 = 0401

L 4

g0 that » = 1
and hence ¥ # 1 « Cogd |
but 8400 =  0,3000, = 17°28', and Cos© = 0.0530..
thevelore y = | 04040 'i;'whea
= .00 i::xx:irn‘es‘ on ghart (m&%&miﬁéicmimn x B0)
imilordy the defloction required to producea given
stroin, or the strain for nny deflection, ¢ an Lo aal#ulaﬁed

for ony fibre when the test longth and diameter of the
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tcst sample are known.

- The deflentiun strain valuaﬁ fay difforent beom lf:ngtzm
for a fibre have been gidven in ‘J.’able 7. (.mment has been
uede that it pmvm mx‘maaibm to defliect o Libre by Hhe
amount: necessary to rtrﬂin Lhn midnpuznt, centroe to “all,
by 1% withaut qlippuga. 1t iﬁ consaﬂared H;gnifmcanb th&t
there wos continuad nﬂraement with strain ond podulus’

s c:s:mulnimd on. Lue yrcsmh bnsim =

The -moum ai"' straia iﬁ&rbﬁad in the fopmation of & |
loup of ne ter&al ie given by the rotio ¢/D where ( iﬂ tha
d.s.amtar of the s&ample, and I t:;w vc}mmww c:»i‘ vt;%;e 1mp.
+k woulu be xXpected from what hos bevﬁ ai& nancerning the
Lincordty. of *“tms:ssnis‘tr vdn mlatianmip, mdu...v ,, and
pereentage ,.rb.x-a:ln innosed, that the maﬂuluﬁ ubtained by the
- Loap method would ’be cmstnnt'-; provided that the htmliﬂ
iﬁgesed vas within the élastiﬁ-limib, nnd'ganerally decrease
ag the sﬁmﬁn incronsed, _‘

Ihis latter gmint VO cnuflwmd Ly c.:.ﬁwimms whereby

Lhoe i?le:}cuml migidi.ty ol %wma thq immiing mﬁuluﬁ aﬂ
| nylon 6. vas obbtained with samples of diﬁermm loop. size

- bosted \:{m;:;mdiately after loop forpption. (Yable 8)




Stp:

0.5
\1;§'
2.0
3.0
4.6

5.0

Table 7 'Y

L.2 Lad
Deflogti
U.0050 0.0202
040101 0,0418
- 0.0675
- ©.1000
0.0268 = . ©0.2000

in.

G.0230
0.,04601

0.1063

beflection Strain Values for

Different Lengths of Test Peam,
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LOEOQ & 1; L) D LLie
| o 1e7 3.2 4.2 8.6
Bending mdulua kgf/ea® x m‘" 115 150 186 - 200
"..,J *Lm;i.n i:ef.’mm t;est:». T 3ed :'l.s(} 1.{5 0,0

¥

“oble G Bffect of me wix-rt} on Bendisg Iﬁmxulus
of lean G
The guos »mn of l:l,nmwi&y aned. c.‘.!_a.,tic‘: Yimit uwing

vhe ncuw‘?. test itac:lf ctn be mnfimed by reference to the
load dei?lcction curve obtained durding & test, while amox-uing
{6 t.heot-y the mtié W/(;tnnefco:; ©) should bo cenﬂt.m{, over
the olostie rc**:lon, as ;mbmd to bLe the cases
| It was faund thot £or some pateriols mv\o, while fop
other paterdals three, valucs r.zf_ flexural rigidity amld
Le obtéined‘ahd while the coaloulotions moy Le questioned |
t.héy do éive informaﬁidn on the bending property of the
matm':i.al umk,r low aml iaig,h bending conditions,. - |

| ’.l‘here are two factors involved in lmg dei‘ornatibm
~ The zgeomtry is such um\ tﬁw effective test 3.(3!1{‘;’12!1 is
rupidly :'cduccd uhile on the other hand the stmin imposed
may be past tne 1mmediate elastit: reg;im. 1% was found
that correlation wit*.h tensile testss waa not ncui