
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




:: w ~W 
~ W 122~, . 
Iioi··~ .. 

: Ia£ 12.0........ ~ 

I . 1~11.8 

""'1.25 1111,1.4 1111.6 "",I.2 5 111111. 4 111111.6 

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESO'.UTlON TEST CHART 
NATIONAL BU~EAU OF STANDARDS·1963·A NATIONAL BUREAU or STANDAROS·1963·A 



·' SERVICEABILITY 

OF SHEETS 

Composed Wholly 

or in Part of Cotton 

and Viscose Staple 

Rayoll 
~ 
Q 
tll• >­

cr~ '1 ~ 

t"e fTl ~ 

= - co l-Qt"e 
If] c:: 0 
~ 00 _. ~§. IJY Verda l. )leLelldoll and Suzanne Dal'isoll~ 

c.o i-3 
~. c.n 0e") U1t- ~ .... to<0'" 
~ 

~ 
'< 

January 1955 Tc(!hnical Bullctin No. 1103 

U. S. DEPARTMENT OF AGRICULTURE 



" 1 

Serviceability of Sheets Conlposed Wholly 
, or in Part of Cotton and Viscose 

Staple Rayonl 

V.ERDA 1. ~IcLESDOS "\SD SCZolS:-;~} Dol VISOS 2 

f/Ol/i.e E"(JnQmic.~ Re8e(/rI:h Branch, Agricuitur(tl Re.~e(Lrch Sermce 

CONTENTS 

Palre PalreJntroduction _____________ .___ _ 1 Srn~iceabilit.Y study____________ 18 
.Manufacture of yarns and shrct- Dimensional change, COllnt,ings________________________ 2 !md ...YCight-____________ __ _ 20 
Experimental procedures_______ _ 3 Breakiflg strength_________ _ _ _ 27 
Properties of yarns and finished Elongation_____________ _____ 36

sheetings________________ _ 7 Chemical darnage___________ . 40 
Yarns and gray goods _______ _ 7 ~Ticroseopic ~tlldy of fiberFinished sheetings__________ _ S darnage____________ --_____ 46 

Preliminary irl\"estigatiorL _____ _ 1.0 Comparison of different meth-
Dimensional change. count. . od;: of fllrasliring darnage___ 5.1and wrighL_____ =_ ~ ______ ~ 10 l'iumrnary________________ .. ____ 56 
Breaking strength and elonga- Literature cited ... _____________ 57tiofl _____________________ _ 

• 
13

Chemkal damage____ .. ___ • __ 16 

{~TIlODliCTJON 

KnowlNlge of the physico.! nnd chemic!).1 dlill"lldel'isties n,nd pel'­
formance-in-usc of rnbrics identieitl in construction but (liffer-ent in 
fiber content is importnnt ns :1, basis for ('valunting til(' perfol'mnn('e of 
the materinls for household textiles. Sc\-eral studies hnye been 
reported in which certain physicnl properties of ('olton nnd. myon 
fal,ries han been ('ornpared; for the most purt, ho\\Ce\-er" these fahrics 
carne from the retail marht, ond little is known about the detnils of 
mam.Jacture or about the kind of fiber that \Pf'3 used. 

Reported here are the results of physical, ehemieal, nnd rnieros('opic 
tests on sheetings made entirely m' in pnI't from rnyon staple nil.! 

J Submitted for pUblication May 6, H)54. 
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planning and initiating rhe study; appreeiation is exrressed to George S. Wham, 
,Jr., formerly textile technologist of the Bureau of } ulllan Xutrition and HOllie 
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from cotton of known geneti.e OI'igin, In a preliminary investigation, 
7 sheetings composed of all-cottOl!, nll-l'n,yoIl, 01' of different blends 
of these 2 fibers were evnlunted in the In,bomtory nnd chr.nges dUG 
to repeated launderings were determined. Bnsed on the rC':,iults of this 
invC'stign.tion, sheets composed of nll-eot.ton, nll··rayoH, and of n 
;jO-,50 blend of cotton n.nd rnyon WeH\ mnnufaet.ured and plll('etl in 
sl'ITice in dormitori(:s nt the Uni\-el'sitv of Tennessee and Knnsns 
Rtnte CollegC'. TIH' dl'cd of IWtllltl US(' 011 the properties of the sheets 
was determined n.fter spet'ifkd intervals of laundering nnd w~\al', 

MANUFACTURE OF YARNS AND SIIEETINGS 

Ynl'IlS and shcctings eompos('d C'ntir('ly or in part; of eotton awl 
l'iLVOn 'H'n' mnuufu.etuI'l'(l by the '.I\·xtile Sehool of the Clemson 
AgrieultuI'l11 College, ClemsoJ~, S. C., 1IlHl~'1' conditions as u.eeul'ateiy 
eontrolled ILnd u.s ('.ompnl'nblc u.s thl' existing fu.eilities nnd tlw nnture 
of the fibeT's would permit. lVith only n. few minor de\rintions, the 
mllIlufH{,tul'ing proeesses pnl'.dipled those lIsed by eOllllllerein.\ plnnts.

An Amcl'iell.ll Fplnnd (1<Jmpire Vnriety) ('otton, t:,vpi('u.\ of thn.t 
normnlly se\e('ted by mills for the ('oIlUlH'I'('inl prot\lIdioIl of slwetings, 
wn.s procured through the eoopel'ation of the Fif'ld Crops RpS('itl'eh 
Bmneh, Agl'ieultuml :Resen.I'('h S('I'vin', U. S. Department of Agrieul.­
tlln~. It was of middling grn.d(·, I ~!-in('h stiLple length, and WilS grown 
from pm'(' s('('d I1ml tIlH.i('I' isoln.tion h:" th(' O('ol'gin, Agl'ieul tUl'n.\ ]~xp('ri­
rncnt Stntion. Cn.l'f' wns ('xt'I'('is(,d ill its s('I('dion to insure liS g'1'('at 
uniformity liS possihl(· in I(·n.f, chn.l'n.dl'I.', fOI'f'ign mn.tb'l', pl'npn.l'ation, 
color) and stil,pk 1~'ngtIL Thenl,y'oll \\,i1sl.5 d.eni('I', hl'ighli stn.pk, 
I't~guln... \'istos(', :md. ('ollsid('I'NI suiln.hif' Jor hir·ndillg' with til!' ('o/:ton. 
The I('ngth of til(' I'n.yon st.n.pk \\'itS IX illdu's for the pr(·limirw.l',Y 
ilLVestigatioll it,nd 17{6 illeil('s for the s('ITi('C'fl\)iiil.,· ph:ls(' of th(' study, 

~L\lI;Uf'AC'rlJRr:\'G SI'I:lCH'WA'I'W:·;s.-Rl',-ell lots of yfll'ns \\'('I'C spun 
for the pl'diminnl'Y inHstign.tion find thr'Pl' lots fol' Ihl' sef'\'iceniJility 
study, The fibcl' ('ontent: nf these yHl'fUi \\'I1S itS foIl0\\'s: 
Prclimillluy inH'sfignt.ion: S(>rTic('H.bilit.,· stlHly: 

All-cotton. AII-('ol Ion. 
%('ott on-·~' I'H,yon. )~ ('otton-I~ I':I,\'on. 
Ys cotton-% I'uyon. AH-ntyoll.
%cotlon-% I'nyon,
%eolton-% myon,
%eotton-% I'it YOll. 
AIl-l'llyon, ' 

Specifi('ntiolls for Ihe' (,Ollst I'lld ion of ,\'11 f'flS II lid fn hf'ies W('f'(' itS 
follows: 

Item Warp Filling 

Yarn­
1~Yre___________________ .. ~:~~~ded .... _ _ _ _ _ _ _ ! Carded. 

__ fL ___________ ._X 1I IIIber___ .... __ .. _.... _ . . .- 22's. 
Twist; IIIl1ltiplier _____ •. __ ... ________ ._. ".3.5 _.. ______ .... _ .. ' 3,7fi.7, _____________ _
Twist direction _____ - .. ~. 

G~ __ . ________ _Fabric cOllnt~ _____ .. __ G·I. 

• 

• 
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SJmVLC~~ABlLITY OF SHEETS 

PRODUC'J'ION OF SHJ~WI'INGs,-The bnles of raw fihers were opened 
nnd scatter'ed on the pie1i:l'I' room floor where they I'l~mllined fOl' 24 
hOlll's for condi,tioning at room tempCI'lItUl'l'S, Opening \VIIS done 
by pnssing the rayon 2 times und the cotton :3 times through the 
hopper feeder of the breuker picker with the combing roll set very 
close, The raw stock wus a~J')wecL to drop from the hopper feeder 
to the floor after ench successive passnge, The fihers for the mixed 
yams were blended, snndwieh style, on the f100t' of the pickel' roonl. 
The stock wns then pussed through three-process pieking, carding, 
two drnwings, slubber roving, intel'll1edillte roving, imd ring spjnning, 

The orglmization nnd speeds of Ilillehines employed for the yum 
ffianufnctum were identical for all tho yltl'lls except thllt the lickel'-in 
and the doffer of the cnrd were slowed for st,ock contuining rnyon, 
Difl'erent drnfting roll settings were necessllrily used fM the nll­
cotton, the IX-inch staple rUYOIl, und the 1~{6-inch st;aple rnyon, 
Settings for the two laUer fih:;I'S were IIlso used for blends of euch 
of these rnyons with cottOll, 

All warps were slushed \\~ith Ute snme thin boiling size mixtul'e whieh 
consisted of wllter, COl'llstlu'ch, und plllsLicizers, npplied ut 208 0 Ii', 
The tempemtUl'e of the drying drums mnged from 220 0 Ii', for the 
first drum to 1850 F, for the seventh dl'ulIl. The vnrn \VtlS s\;retdl(.d 
upproximately 2 JWl'eent. dur'ing slushing, ' 

'Venving wns done 011 n,lI t:olllntie 1001l1s. The fuhri('s fOl' the f1rclimi­
nnry invest.igntion wpre woven;)(i indlPs wide und those for the sel'vi,'p­
tlbilihr study 71 ineh(·s wide. 

The dWlllicul treatment !!ivpn the fabrics during the finishing 
pl'OCOSS is shown in tnbles 1 n.nd 2. '1'he wide fahrics wcrc sewn 
togethl'l', pulled through pot-eyes, hrought to open width, (lried on 
drying cans, tentered, and rolled on n. cotton sheet I'Ilnge. 'I'lw heat 
wns considembly rcduced on HI{, drying cn.ns nnd in the tenter ft'nme 
housing for the nil-rayon filbric. No sizing WilS upplied to the finished 
sheeting'S nnd Lhey wen' not; cnkndel'NL The fnbries wer'p to I'll into 
108-ineh pieces and Scwn into sit{'cts ",iUt a :3-inch hem lit one ('11(1 
und n, I.-inti.. hem lIt Ul.e other {'lid, 

EXPEHIMEi\TAL PROCEDlJ.RES 

r..nbornlor,Y \{'st.s \\'('1'(' nIHd,' on yurns, finished fnhries, tlnd on the 
Inundered-Dnly nnd Inundl'I'('d-nlld-used sheetillgs. All 8111I1pl('s W('I'C 

brought; to moislul'l' equilibrium ulld.er slimdnrd t'onditions of (j,'j 
1)('1'('('\1.1. n;lnJiv{' hurnidity illld 700 F. h;II1J)(,I'ntul'{~ (1),:1 

YAH;>'" .NUMIHllt J\SD 'I'\\,18'1:.-'l'h(' ynl'll IIUIIllwl' wns deit'l'milH'd Oil 

n. din:'ef: rNlding YUITI Ilulnb(·r.ing bnlilll('(·. TPll I'('udillgs \\,(>1'(' inkplI 
for olleh set of wflrp alld filling ,vill'IIS frMn C'/I('h of (i\'(, hobhins. The 
iW(,I'i1ge of t h{' GO d('il'I'lninntions \\'IIS I'I'(,twti('d :IS tilt' yl1rll lIumbt'r. 

3 Italic: numbers in plLrenih('.~('i; refer /<) Litf'mt:III'(' Citt'd, p. ill . 
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A twist-tester of the type described in ASTM D-76-49 (1) was used 
to find the amount of twist in the yarns. The average of 50 specimens 
taken from 5 bobbins of yarn was regarded as the number of turns 
per inch. 

TABLE 1.-Chemical treatment given. the 7 narrow sheetings in the process 
<d finishing 

Fabric and Reagent Temperature Timeoperation 1 

All fabrics: 
Desizing ________ Starch-digesting-enzyme______ {b30~li~~i;~.th~ ~g ~~~~~~es. 
Rinsing _________ Water______________________ 180° F ______ 30 minutes. 

All-cotton fabric: I 
Scouring________ ;:;oda ash and a sodiulll slIl- BOiling______ 

1 

~{jnsi~g_________ , W~~~~~~_~~_a~~ ~~::~~~~~~e~ __ _ ____ do_____ _j 30 minutes. 
Scourlllg________ 1. percent solution sulphuric: ! (j00 10 rninute~."I.' I"-------1acid. 
Bleaching_ ___ __ _ 1 percent; solution 100-yolume 175°-180° F_t 5}~ houTS. 

hydrogen peroxide plus so­
dium silicate and triso­ I 
dimn phosphate pH 9-10.

Rinsing ________ _________________ .. _ Boiling ______ I: 30 minutes. _ WateL_~ 

Cotton-rayon fab­
rics: 


J 
Scouring _____ ---1 5 percent; solution trisodium , _____ do____._-li hour. 

phosphate and }~ percent 
solution sodium lauryl sul­
phate. -

Water______________________ 180° F ______ 30 minutes.]l;n,;ng_- - _ - -
Bleaching _______ I 1 percent, solution 100-\'0Iume I ] 7.5°-180° 11'_ 5~ houTS. 

hydrogen peroxide plus so- "I ­dium silicate and trisodiulll 

Hinsing _________! W~~~~~~~~:~_~I_I_ ~~~~~ _____ --' 1.80° F _____ -I 30 minutes. 
All:rayo.n fabric: 

Scourmg_______ _ a percent solution trisodium IBoiling ______ 1. hour. 
phosphate and }~ percent 
solution sodiulll laun'l sul- i 

phate. .!Rinsing __________ Water 180° 1" ______ 30 minutes. 
Bleaching_______ ]i H perc-e-l~C~~I~;ti~l~ioo:~~I~;I;l~- 175°-180° F_ 45 minutes. 

hydrogen peroxide plus 50-) 

I 

I diurn silicate and trisodiulIl . 


phosphate pH 8-10. 


_]_l_i!_ls_.i_n_g_-__ -_"_"_- i_"_Ta_t_e_r:---- - -- -- --- -~_ 30 minutes.-~-_.__ ..... -- ------- - - -1~_~_F-

I All fabrics were desized, scoured, and bleached in a laboratory dye tub. 

.--­
. 
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5 SERVICEABILITY OF SHEETS 

'fABLE 2.-Chemical treatment yiven the 3 wide sheetings in the process 
of finishing 

Fabric and 
Reagent 1 Temperature Time Equipmentoperation or pressure used 

All fabrics: 	 /lOUTSSingeing ________________________________________________ _ 
Gas singer.Desizing ________ Malt diatase____________ ___________ 3 }Jad.Rinsing_________ Cold water______________________________ _ Continuous 

wa.<;her.
IAll-cotton fabric: 

Seouring_______ _ 3.8 percent sodiulll hy­ 1Ij Kier.
droxide, 0.5 percent i 
sodiulll silicate, 2.7.5 j 
percent synthetic de­ j 

tergents and soaps. !Rinsing________ _ \Vater __________ . ______ _ }..l Do,Bleaehing______ _ 2 percent 130-volume hy­ 81 Do. 
Idrogen peroxide and a 

percent; sodium silicate.Hillsing ________ _ Water· _________________ ., 1200 F____ )4 Do.Cotton-rayon fab­
C 

rics: 
Scouring_______ _ 1.75 	percent tetra.'>odiulIl 1.750 F____ J (i ,I Do.

pyrophosphate, 1.35 
percent Rynt.hetic de­
tergents lind soaps. .! 

• 

Rinsing_______ ,._ 
 Wliter____ ~------------- 1.200 F____ / }';: Do.Bleaching______ _ 

Sallle as the all-cotton -----------I'------l 
fabric. 	 iRinsing________ _ Water__________________ 1200 li'___ : 

I 
):. Do.

All~rayu.n fabric: 	 ,Seourlllg _______ _ Solution of sodillm ear- 1750 F ____ ) Dye beck. 
bOllate, soap, alld ilYIl- I Ii 
t;hetie detergent;. 

Rinsing_________ Water________ . _________ 1200 li'____ }.i 
Do.

Bleaehing_______ Solution of hydrogen per- 1600 F____ I! Do. 
oxide, sodiulll silicate, 'I 
lind synthetic deter­
gent. . 

Rinsing______ -- __~_a~.~_~-=~~ - - - - - -_ - ___ ~1_1.~~o_F_-_-_-_-____}_._;~_J_)O_.__ 

I Percentages are based on the weight of the cloth. 

Bm~AKIXG S~l'lmNG'I'H AND EI,oNGATloN.-~rhe bmnking stl'ength of 
the ynrn WitS detel'mined by the single-stl'nnd method 011 Iln incline­
plane sCl'igl'llph-type IlIllchinc in Ilccol'dllnce with AS'I'!\[ :Method 
D-lSO-52'I' (I). The llH'ilU of 50 determinllt.ions \Vns f,nkcn ns the 
strength of the ylll'll. The clongll.tion of the ynl'll, IIl1tomnticlllI'y 
recol'ded Ilt the instn~lt of 'y1l1'll hl'ellk, WIlS rep0l'ted ill )wl'ccnt . 

• 
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Raveled-strip breaking strengths of Ute fabrics, both wet and dry, 
and elongation were measured.in accordance with procedures outlined 
in AST~1 D-39-49 (1). The mean of 20 vnlues wns regarded as the 
breaking strength of the fabric. The elongations of the 20 strips at 
instant of fabric break were nvernged, the percent calculated and 
reported. 

COUNT AND ·W]<JIGHT.-The number of yarns in 1 inch of fabric 
was eounted with a micrometer counter on nlternate warp nnd filling 
breaking strength strips nfter they were prepared for testing. The 
average of five rendings wns reported as the count. 

To determine the weight of the sheetings, five 2-ineh square spl'ei­
mens were cut with It die dingonlllly Iteross the sampling aren. The 
samples were then weigh(',d on It torsion balnnce ealibrated to rClnd 
in ounces per squnre yard. 

DIl\lK~~'SIOXAIJ CHA'~Gt}.-For the laundered-only sheetings, dimen­
sionnl chnngcs were determined by lIlensuring three IS-inch distnnces 
whieh hnd been Il1ll1"ked on the fnlwic in both wnrp nnd filling (lirec­
tions. For the lnllnderl'd-nn(l-used sheets, three mensurements were: 
mnde ncross the entil'c length ftud width of the sheets. 

ABHAsrox.-Rt·sistnnce to Ilhmsion wns determined in nc("ordnncl' 
with the I'otnry plntfonn double hl'lld method dt'scribtd in AST~[ 
D-117.5-.5IT (I). CS-8 enlibrllse wheels were usecl with eneh wh('cl 
exerting il pressure of 2.50 gmll1S. Suffieient 6-inch squnJ"('s for eneh 
testing intclTlll were ('ut from ('n('h fnbric flml then rnndomil,ed. 
Samples \H're Itbrndl'd lI. pn·del.f·l·mined numl)('r of cydes from 500 
to :3,500 in steps of 500. The lint formed during ahl'nsion wns rC'­
moyed with. n soft brush. At: the end of 1,000 cydes the wheels were 
refneed by running 25 cycles on ('nl"bul"undum popel". 

From elll'h speeimen 2 wnrpwisc 11Ild 2 fillingwise st rips were cut 
IX inches widl', rnn·]NI. to I inch in width nnd broken on a Suter 
pendulum-type breaking strength mnchinc hnying n I-inch gnge 
length Imd. n Gnpncity of 0 to 100 pounds. TIll' It\"Crnge of 10 l"end­
ings WIlS regnrdcd itS the brenking strength of the fnbric. The re­
duction in stl'ength exprcssed flS perecnt loss versus cydes of nbrnsion 
wns tuken ns the mensure of thl' extent of dHmnge. 

FI,UlDl'l'Y To\'" C;;rPHAMMOX£UM HYDRoxID8.-1<'luidity (l'ecipl"Ocnl 
viscosity) Jlwllsurcments .in ("uprnllJmonium hydroxide solution were 
mncle nccording 1.0 the AST)\. \Idhod. D-5:39-.51'l' (1), with the fol­
lowing chnnges: 80-nH'sh copper gItUl,C wns used instend. of powdt'I'('(1 
copper in mnking up the solution nnd t.he sHmples wt're dissolvl'd in 
mixing viills similar to those uSNl by .\lellsc (6), then trnnsfelTed to 
the viscometers for ml'ltsul"cment:. The weight. of snll1ples used fOI' 
the viseosit.y detenninntions WitS enieulnted to give the following 
solutions foJ' the Vfll·ious shcetings: All-cotton, 0.50 per('enl:; %cot­
ton, 0.75 percent; ~ cotton, 1.00 perc(,II\.; %eotb:lTl, 1.25 pen:ent; % 
cotton, 1.50 percent; }'s ("Oi:i.OIl, 1.75 pel'cent; ilnd nll~l"Ilyon, 2.00 
pen·ent. 

VISCOSITY OF Cm.rJULOS~~ NI'I'IlNI'I'] IX BU'eYL ACI<;'t:ATE.-Vis('ositv 
mcnsuI"cllll'nts of ecllulost' nitrnt(~ in butvl a('elnte wert mllde Ilc("onf­
ing to tJw method of H('sskr,~lt'rola, ,~nd. B('rkley (4). Samples of 
the sheetings werc nitmted for olw-hnlf hour ul room temperntul'(' 
with n mixlure of 56 Iwr'('(~lIt 1-IK'O:I, ;:H) percent Tbl)041 ItllIl 5 )lcl·(·ent. 
P 20.s, lIsing n .1 :100 rulio of filwr to nilmting mixtul·t'. TIl(' vis­
cosities were del('I'mined at 25° C. in Cllnnon-Ji'enskc pipettes, whieh 

• 

• 

• 
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SEHVJCEABILITY OF SHEETS 7 

had bpC'11 pl'C'viollsly cl1libl'nted with standllnl ,-isC'osity oils supplied 
by the Xntiol1nl BlIl'CIlU of Rtfilldlll'ds, Difl'PI'('nt si'{.C' pippltes weI'!:' 
used, I'l1llging from n Xo, 200 for nil-colton to :\0, 50 for illI-I'Hyr)H, 
A O,I-peJ'('ent conc('ntrntion of ('t'llulose nitrnil' was usC'd in nil l'llSC'S, 
The degr('(' of polYIIH'rizlLtion (D, P,,) of I':wh snmple wns (,fticuilltl'd 
from til(' "ist"osity of thp ('oITt·spond.ing ('(,lIulos(' nitTntp wit.h the 
formulns (11)=2,3 log I1r (I +0..'; c) Hilt! D, P,=270 ll1) HS reportl,(1 
by Hessler and. oillers, 
'~[ICHoscoPle S'I'FDY OF f'nn;rt D.\)1.H1I-:,-ln thC' mi('ros('opic 

stU(I\- of filwl' dIUl1ill!(' in til(' sh('ds, til(' ull-r:1von VIIl'ns \\'C'I'(' stnined 
h~- ill1mel'sing 1'01' I'hollr in fl. J-1)('I'('('nl solui:ioll 'of Brillinnt Benz\) 
Blue 613A Extrll (Gellel'l11 DyC'st IIfl') nt room. t(,1111)('I'nl lin', wHshing 
to n'llloq' excC'ss dye, then inll1wl'sing in n. J-peJ'('ent solll t ion of 
ChlornntineF'nst 11('d 513 ((,IBA) for 1 hOllr nl: til(' Silll1l' tl'I11J)(,I'II­
tUl'e, wnshing, nnd dr:\-ing. By I his method Ihe dnl1111ged Ill'ellS W('I'e 
se)ecti'-clv stnined n dnrk blue' while the undnmng'NI IlrNIS '\'t'I'e 1'('(1­
dish pUl'])ll'. SinC'l' the ('olton fihl'l's 'n;'I'e not d,\~etl 3nlisfndoril," by 
this nwihod, til(' nil-COl ton fwd tile' blended Yllms Wf'I'e stnirwd bv 
hoiling for 10 minutes in Il l-pl'l'cent solution of Bl'i!linnt I~enzo B1u'c 
uBA Extl'fi, 

Rlnilwd :\'I1I'I1S npproximnli,l,v one-hnlf inch long w('re Cl1l'du!ly 
split into t.hl'ir f'OmpOllNtt filwrs illld. mOllntl'd on n slid(, in fI, 50-50 
mixtul'(' of gl~-('erinf' BIH\ wfllPl'. (,lnssifiC'l1tion of dllmnge as low, 
mediulll, 01' hi~h WilS mntlf' :1c('orlling [0 ('ritl'l'il1 sC'l up nflPI' l'xfllllin­
inl!' n Inrge nUlllb(,1' of slidl's ('ontnining typicnl dlllllflgl'd fi\)l'l's. 1<'01' 
C'ilC'h slid(' tilt' Ilumlwl' of dnl11f1g'('(1 fll'l':lsin til(' :) dnssifienlions wns 
counted :1long su('c('ssi,'p horizont:11 lilH's 2 rnm. nvnrt ns m('nSlll'('(1 
hv I hi' '"('rt icttl ;i('nil' of tl'l(' IIl('dl:lnil'n\ si ngl', Fi'"e slid('s \\"N(' mnde 
fl:om ('Hell snmp\(' nnt! (,Heh 8Ii<l(· ",ns ('xnmilwd irtdl']lC'lldentiy by 
two ObSl'ITC'I'S. 

PROPERTIES OF YA[C\S A~D FL\I.SlIED SlIEET1~GS 

YAlI.'~S A~J) GliAl' GOOJ)S 

·Lnhorn.tOl'\' flJHl.h'sis I){' til{' YfUn find. g'rn\' dol h showl'll tiln,t the 
twist nnd n~rn JlulillH'r of till' '\'tII'l1S, ns ,,"ell' ns thp fih!'r ('OJltl'nt and 
lluHlher or',nrrll" per in('h of thp grny fn.llI'i('s, ,\-l'l'(' within llormnlllln,nu­
fnduring \o\('r:1,n('('" of thp SIH'eifi('f\ i ions. 

TIll' dl'.,-hl'('n.killll·Bin'lIglI18 of th(' nil-cotton alld tht.' n,II-l'fl,.\'onytU'ns 
W('I'(' hi~II('r tliall the hl('ntis, Ilnd thil.l of til(' :)II-('ottnll "'II!', gn'a!<'1' 
thn,1\ tht' fI.lI-l'lI,yon. '\'II('s(' findin~s n.I·(' in n,('\'orll with 1\,I'('POl't Oil a, 
stud,'~ of st:n,p\r' 1('J1~th :uld \'\('11(\ or .\,:I,I'n8 in which Ashton (:2) stnl(·d 
tirn,t, "sp,"Nill bh'lId('d yams h:I.\'(' 10\\"('1' stT{'Il~ths th/ill ('ilhN tll(' pllr(' 
('ottort 01' IHII'('I'fI,YOIt ,\":1 I'IIS. " ~() d('(iHi 1(' tn'lId w:IS n.ppa,l'f'nl: Iwlw{'('JI 
hreli,king stJ'('ng-th f\,lId fiher ('ont{'nr of thl' hl(llld('(\ ,\':II'11S. 

The nil-I'n,von yal'l1S (,lonl!:I,il'd tll(' most and till' :dl-!'ottoll till' 1('nsL 
For the' hkn5ls, (:Iongil,tion 'illl:n'nsed as til(' m.nlll contNtt of lil(' yarns 
WIIS I'nisf'fl. TIlt' most rapid i1l('/'('asl' O('('\lI'I'('d in til!' YIU'JlS ('IHltaining 
IHor(' thil,/l ~j() 1h'1'('('nf I'II,YOIl, 

In gf.'lI('rnl til(' 1'('8111t:o; of 1lH':ISIIJ'('IIH'nts of dry bl'l'n,killg Btn'IIgHI and 
dong-n,t ion on IiiI' ~I'uy faln'i('s l':u':III(,ll'd tho,,!, fOllnd for til(' ,nuns. 
,'n,lIl('s ohtaill('d 1'01' tlil' ('11 1)1'11,111 1I11111i II III f1l1idity and. ('plllliosl' nitrale 
,,is(,OBii,,, sho\\'('d [\tnt. tllt',I'p hn.d \H'('II no IIppn'('ia.hl(· ehemi('IIJ d('gm<in,­
tioJI dllrill~ Ih(' IrlUllufild II 1'(' of tli(' grn,y fabrics. 

http:IIppn'('ia.hl
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FINISHED SHEETINGS 

The results of some physic-a.! and ehemienl mcasurements on tiHl 
finished fnbrics are shown in table 3. As in tlw ynrns, the all-cotton 
sheeting had the highest brenking strl'ngth, followed by the nIl-rayon 
and the blends. As expected, the wet brenking strengths (h~ereaspd 
with increasing rayon content. 'rhe nll-'myon fn.brie showed the grent­
est elongntion (both wet nncL dry), but the all-cotton hnd. a greater 
elongntion than most of the blended fnbries. 'I'h(' elongntion of the 
blends wus much dos!'I' to til{' nll-('otton than to the all-mvon fnhrie. 

Hesistane(' to nhrnsion WitS determined only for til{' shcetiilb'"S lIsed in 
the pn'liminary inn·stignt,ion. Anulysis of Yl1rinnee (table 4) shows 
that the scnn shN·tings diffel"l·d. signifieantl.v in breaking strength 
when abmsion wus i1.pplied. ('yell's of nbmsion i1,/f"et('d tlH'h1"eilking 
strength of the fabril's to n. gn·l1.h·r deg]"(~e than type of fabric. B(·twl"~n 
o uud .500 (·.n:les of 11,brnsion, the n.ll-rnyon sIH.·pting shoWNI ii, much 
greutpr loss in wnl'p bl'l'nking strength than the eotton 01' the hilmds. 
'I'herenftet:, the mtp of (\(,C1"NIS(, in wm'p bl'l~nking st.rpngth of the senn 
sheetings did not. diff(·], signifienntly (fig. ]). The vn1"iation in till' efl'(·ef, 
of nbrnsion on the filling hn·nking strength of fn.bri('s WflS grell.t('I' thn.n 
the vnl'intioll ill its ('fred on t111·il' warp brC'il,king str'pngth. 

0 
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CYCLES OF ABRASION 

FIGult~; l.-Brcaking strength: l'cn:cllt chanl\"e ill :;hccLings as a result of ahrasion . 


• 


• 


• 




• 	 -
TABI,I'; ;{.--Some pliysic(Ll a.nd chemical propI'rties oj llwfin.ished. siuJetinfl8 

...~.-.-----' ..------.-.----..,-- ­
---r--'-T-~~'~~'----. --r--- ----I;::;:~8t.rellgt.h---· 

Elongut,ioll 

• 

DegreeiWeight; Yurlls po:r inch:- ------i--------;;------

Fubric l po:r i j Drv Wet. Drv Wet Fluidity poly­! "qllure : ,-	 •
I \'ard •_______1 , 	 meri­I-- of 

zationI . Warp 1 Filling IWarp Filling Wurp IFilling Wurp IFilIiIlg Warp /Villillg 

I . l'IU~Ll.Mli\iARY INVl':S'rl<1ATION 	 '" :.'l 
::tJ 
<: ....

' , 01iIl/'r~ 1_ ,,' !Pqun:./s P?!!://(d.s p(~!II!~/) pq,lInd) Pe~ccli/ 	 Pe;CI'II/ P(!rCcnt! PCrCC!ti lU'es t;1AII-cotton._ .. __ •• __ 	 ' 4. (, ! 14 (,.1, ,,0. a .k .) (,.{. ;) G.3. 4- il, 4. 1 0 10. 21 J1. li 

l 
4. 28 MSO 

c 
>
t:l:j%cot.ton-)~ ruyoll_._ ;'. () H5! (i;J I :.J.I.;{ :U. " f 40. H H8. 4 5. 0 5. 8 8. 2 9. 6 a. 69 5170

%coUou-% rayoll __ 4. I i (i(i I H2: :{;t (\ ;10." \ :\S. 0 2\). !) 5. 1 Ii. ;J 8. 4 n. 3 2. 7:3 4280 8 
%COUOIl-% rayoll __ •.1. J j Uli f li I 1 :r.l. 7 22. 2 I 2(i.;{ 21. 2 G. 3 G. 4. 8. 0 8. 0 a. 29 :n:Jo
%cotton-% rayon __ ~ 4 ') ! ('C" (0,) I "().. -i 1(1" '1 - 8 " 0 8 ,., - ., - 8 4- 22 ~')-' I.. ~ )' I ,~.., ~.,. \.I j .•• " G. U. • ,I I. ,J I. . I' 22no
''s COt ton-% rayon __ 4.1 (j7 G2: 2i.0 In. I. 	 I 8.21 {i. 0 fi.O 8.2 5.1 4.8 8.0(; 12!}0 0Ali-rayon .. _._ 4.(if i:.> G4 -40.J :{o.l.j IS.8, 1.1.81 I.';.S 1\).!) 14.n 12.:3 I).H51 010 "l 

~ 
SI~I!\'lCIM R1LI'1'Y soruoy 	 t;1 

t':J 

AII-coUOll_______________ ,t 0 72 III 55. I .IS.2 (j1. (i 5J. 8 0.0 10.0 1:3.0 IS. 4. 5.57 fi4:j(i '" 
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I' .. 11' 	 - -. • - •• ( , - f "? " I' - .,' .• ,' .. ­.,cotLon-,rayoll. _______ 4.4 III 61 4/. .j,),.) .)1..) ,L.•{ ,),{, IS.I U ..3 tb.S .J.;)I aliI 
\Il . 4 " -- li-'I -') 4')" '>0' ')., - 1-" "s 0 ')1) - "?" !).) I 1007j -ra)on ______ . - '." . 	 _.. 1 ,,~. • .•).________ II a.~~_J_~~_:_.__')~=--..~__~. v ,J. . 
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TABLE 4.-Analysis of variance of the chanfles in breaking strenytlis of 
sheeting fabrics after 7 cycles of abras1:on, 500 to 3,500 •
Source of vRrialion 

Warp Filling 

Fabrics____________________________ _ (' I I I)- - 1 ,.** I, 104. (i8**J I "Oi). ,I
Cycles of abrasi~)l1 ___________________ _ 6 5,210. i4** H, ]05. Hl**rnteract,ion 1________________________ _ 


Bxperirnent.al error__________________ _ 3(;.1 20.04 54. \)8** 

4·11 21. 37 18.31 

1 Interact,ion of fabrics t,ill\cS cvcle~ of abrasion. 
** Sigllificant at, p=.O I. • 

'['hc degrees of polymcl'iznt,ioll of the fn.brics, cn,lculn.l,ed from cellu­
losc nitrate' viscosity tne'Hsuremclli;s, deCI'cflsed consistently wiLli in­
cl'cnsing rayon content.. The .fluidity vnlues did 1I0t show n regultn 
incl'(';1sc since n. differellt (~onc('ntl'iltion of cellulose WIlS lIscd in 
determining the fluidity of each blend. 

PRELIMJNAHY INVESTIGATION 

In the pl'elimirHlI'Y ilwestigntioll t.he sheetings WCI'C InulHlel'cd 
75 t.i!l1(~s. 'l'lw customnry comnwrcinl PI'OC(·dlll't' for laundering lightly 
soi\NL wltiin goods WIIS USf'(\, omitting I.he blench lind SOlil'. The efl'ect; • 
of Innndf'rillg WHS (,\Cnhlll.tf'(L by nwnsuring (:ertllin physical nnd 
chemicnl properties oj' Ill(' fnbrics nfter SI)('cified In,undry ini(·I'\'n.\s. 

])1~mNSJONM, CHANGE, COUi'iT, ,\NIl WEIGHT 

Tllf' l}(>rcent dimellsional challge, COllnt, find \\"(·ight of thc seven 
fubrics 11,/'1,(,'1.' r('lwaied In,underings fire shown in tn,hIPs .5 to 7. As is 
e"ident from titese tables, Inundf'I'ing resulted in shrinknge in both 
warp n.nd filling directions with n. corresponding i.ncrensc in counL nnd 
in weight. Tho gl'ell,test clul.ngf's ill these pl'Opertics took pln,co within 
the first fivC' Inunderings, wi.th thf' nH-I'l1,yon showing the most nnd thc 
n.1I-('f)i:toll the I('ast chullgt'. The nll-rnyon \VIIS the only fn,bric to 
show II, trend towHnLs inCl'ellsed shl'illkilge, COllllti, nllt! weight, thl'ough­
out; tihe entil'(~ t.est; p(·I·iod. The fabrics contnining %or more colton 
wt're fnjdy well. stn,bilized after 10 to 20 In,lIndel·illgs. 

• 
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rl'AIHJ~1 5.-Percent shrin~:alle with 1'epeated la.1tndering of sheet1:nfl8 composed of cotton, rayon, and blends of cotton and rayon 
--------------------:'~ ... -.-~--.~--.,,~-----. 

Warp shrinknge nfter specified nlllllbcr of IFilling shrinkage after specified number of 
lallnderings lallndcrillgs

Fabric 

_. ,~,~_~)~~~_~I_~_~r~~L50 _~ 
AII-cot,ton---------- _________________________ l! 0 I 1.8 1.1 I J.2 0.8 2.8 7.2 5.8 6. (j 7.2 4.\) .5.4 
%cotton-)~ myon_ ----------.-----.__________ 4.2 j 3.3 3. n 4.6 3.7 2.8 12.3 ]3..5 ]0.8 10.9 11.1 14.7 

[f1%coUon-% rayon------- _____________________ i 4. (l, 3.8 3. !J (i. ] 3.\) 4.7 12.6 14. a 14.2 13.4 ]3. .'i 13.9 
%cotton-% m~.oll-----_______________________ 1 4.4\ 7.7 4 . .1 7.1 4.9 4.7 12.6 13.3 11.8 13.3 14.0 1.5.1 

t'l 

%cotton-~~ myon____________________________ 5.7 j 7.2,1_.5. 4 7.2 7.2 6. \) 14..!) 14.7 11. 8 12 . .'j 11. n 13.0 ~ 
)~ coft,on-% rayon __________ ._________________ 8.3 7.2111 . .1 15.8 ]2.2 1.5.6 14.3 12.!) !l3 5.2 .5.7 3.7 l'".l 
AII-rayon___________________________________ , 8.3 17. 2 I W.2 21. 2 H). 4 I 21. 4 13.7 16.!) 17.1 ]8. () 18.\) 22.1 t'l 

1 ~ 
t" 

~ 
o 
"'j 

[f1 

~ 
t'l 
t'l 
8 
[f1 

....
'""'" 



------------------

TABLE 6.-Numbcl' of yams pel' inch of sheetings composed of cott.on, rayon, and blends of coiton and rayon. ~ 

with repeated la.underi:ng 
~ 

>03 

Warp, Ilumber of yarns per inch after specified Filling, number of yarns per inch after specified 
t=J 

number of launderings number of launderings ~ Fabric ..... C':l 

.'i 10 20 30 35 I 45 75 5 10 20 30 35 45 75 ~ 
------------------ tzj 

c:1All-coUon ______________________ 65 64 64 66 63 
%cotton-}' rayon_______________ 73 75 H 73 73 72 73 64 66 66 63 63 66 66 t"

72 75 75 74. 74 72 7.'i 64 67 t" 

t=J"cotton-% rayon _______________ 73 75 76 74 74 74 74 66 65 66 64 64 66 62 >03
%eotton-% rayon_______________ 74. 75 77 75 76 75 75 6J. 65 66 66 64 66 67 Z%cotton-fa rayon_______________ 75 76 77 76 75 75 74 . 66 65 66 63 69 67 62 ....!Is cotton-% rayon _______________ 77 77 76 7(i 74 73 75 64 66 68 64 65 69 65 .... 
All-rayon __ -- --.-. --- _-- __ -- _----I 80 81 78 80 82 83 69 69 72 71 71 70 73 Q80 

1 ~ 

~ 
!'fJ 
t::1 
t=J 
"d 
~ 

~ 
>
0 
::tl 
S 
c:1 
E3
c:1 
::tI 
t=J 

'. • • 
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TABLE 7. -lVeight per square yard of sheetings composed oj cotton, 
rayon, and blends oj cotton and rayon with repeated laundering 

Number of times laundered 
.Fabric 

5 10 I 20 30 35 45 75
! 

Ounces Ounces Ounces Ounces Ounces Ounces Ounces
AU-cotton __________ 5.1 5. 0 4. 8 4. 8 4.5 4. 8 4.6
%cotton-j' rll.yon ____ 4. 9 4. 8 4. 7 4. 4 4. 2 4. 9 4.4
%cotton-% rll.yon ____ 5.0 5. 0 4.7 4. 8 4. 3 4. 9 4, 6 
%cotton-% rll.yon____ 4. 9 5.1 4.9 4.8 4. 3 4.9 4.5
%cotton-% rayon____ 4.9 ,5. 1 5.2 4. 4 4.7 4. 8 4.4
7i cotton-% rayon____ 4. 8 4.9 4. 8 4. 3 4.3 4. 6 4.2
AU-rayon___________ 5.5 5.4 5. 8 5. 5 5. 3 5. 7 ,5.7 

BREAKING STRENGTH AND ELONGATION 

• 

The breaking strength and elongation of the sheetings after launder­
ing are given in table 8. As would be expected from the data on 
dimensional change, the breaking strength and elongation, dry and 
wet, increased in both warp and filling directions during the first five 
laundp.rings. From 5 to 75 launderings, the fabrics containing less 
than % cotton showed a decrease in wet and dry breaking strength 
in both directions. The fabrics with a higher cotton content, how­
ever', showed little or no decrease except in the wet breaking strength 
in the filling direction. Thus, fabrics containing % and % cotton 
showed little advantage over the % cotton-% rayon blend in the 
retention of strength during repeated laundering. Decreasing the 
cotton content below %, however, resulted in a greatel' loss in fabric 
strength on laundering. There was little change in elongntion in any 
of the fabrics. 

The analysis of variance of the breaking st;rength data for the seven 
Lypes of sheetings shows that fabric conteut is It highly significanti 
factor (tltble 9). N limber of lallndlwings, the second sOllrce of vari­
ntion, is significant in the breaking strength of the dry fabric bllt 
not in the wet. Also, the difl'el'euces among the fabrics changed as 
the number of wltshings increased, as indicn.ted by the significant 
in t,emctions . 

• 
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TABLE 8.-Breaking strength and elongation of sheetinys composed of 

cotton, rayon, and blends oj cofton and rayon ~I)ith repealed laundering I 


Breaking strength Elongation 

Times I 

laundered Dry Wet Dry! Wet 
(number) -·--.,-----1---.---1----;------;---

Warp !Filling Warp IFilling Warp IFilling IWarp IFilling 

All-cott.on fabric: 

'. . i ~ i _ i : i 1 

PoundB, POllnd.~: PO'/l/l,(/S POllnds. Percent Pacent, Percell/, Percelll 

5___________ : 51. 9 I 44.2! .54.. ]:. HO.7 i 11..5! 14.7 i 13.3\ ,17.7 

J(L ________ ~ 44.3 I 47.8 53.6, 48.1 l 12.3! 1i. 2 I 14. ti! 1.5.4 

20----------1 50.5 I 42.6 51. 6 \ 51. 9 I' II. 9: 17.9; Hi. G 17.8 

30__________ 1 4.7.4 43.0 (\2.2 1 51. 4 10.7 I 18.2! 1.5.4 i 16.8 

3.5__________ 4.5.3 44.3 51. 3 I .jl. 0 1 12. .5 i l(i.9 i 14.8 I 18.3 

4.5__________ , .50.6 4.5.9 .59.4\ 49.6 t 10.2. I 13.8 II 13.31 14.2 
7.5___ . _____ .! 49.8 '4.0.0 .57.0 43.2 10.1 Hi.{t 16.1 17.4

1
! 'i i 


I %cotf:on-!~ myon fabrie 

, 
.5___________ , 4.5.0 35.0 4.5.6 42.0' 8.(i 14.6 14.r. I(i. S

' 10_________ _ 41. 4 39.4: 44.4 I 37.8 I J. I: 13.618.2, 14. I, 

20__________ , 4(i.2 41. 0 1 .50.0 44.4 4

j II. 0' 17.0 14. I) , I (i. n 

30__________ , 43.9 :34, 8 4(i. 4. j 38. G I 9.6 i J.5. 2 13. S I(i. 7 

3.5 _________ -' 44.9 3G.8 i 4G.4. I 40.0! 12.31' 17. I 13.51 1.5. (i 

4.5__________ 45.0 i 37.3: 47. I 3n. n! 9.2 14.8 10.8 i ,13.3

is__________ ! 40.4. i 35.4 III 41. 9 i 34. I) I 14. n j 17.0 !:3. 5 l' 1.5.7 


i__~!__~__~I___~I__~__~I___~___ 

%cotton-;~ rayon fubric 

,5_____ - _____ , 
i 


43.1 :33. 8 4.2.7 37. I i 10.4, 14.4 14.6 i Ifi.5
10__ . ______ _ 45.0 3S. 0 42.0 37.8 10. :3 I 14.7 14. (i 15. :l2(L________ · 31. 9 :.l2.2 :32.2 3.5.2 13.2 : IS.6 I (i. G I.S.Oao____ .____ _ a7. a i :31. 6 44.0 35. S 14. S I 18.5 14.1 i Hi. :33.')_________ _ 
41. 4 I 34.8 39.8 30. 7 .18.7 IG.3 ; 17. Ii
4.5_________ _ 43.0 ! 26.8 27.4 13. I 10. ! [ 12. (i
Ig: gI 


75.. ________ : 41. 2 1 34. 2 ~~: ~ ! 29.0 j 1.0. S 16 . .5 14.;) : 15.5 

I 


I eotton-% rayon fabric 

.5______ _ _ ~i9. 2 t :31.4 a4. I 29. fi n. S 14. 5 ! H. 2 14.../ 

10__ 4.1- f!! 3a. 3 ;~.1. (j 28.5 I La 14. ;~ I' la.4 15.2 

20______ I :{·I.O: 2R 4 :.12. G 27.7 13.0 L7.7 I.'). 7 .Iii. !) 

3~________ '1 40.71 aa.s i a4.2 2!).8 12.2 17.0. 14.0 Iii. !l 

3i1_________ .1 3n.nl 80.01 31.7 24.5 to. a 17.7\ I I. 2 14. Ii 

4.5 ______ -_.. 3U. (i 1 25.9 I a3.2 24.8 10. a 12.7 I 1.1. .5 12.9 
7.5______ . ___I a9. a 2S. 5 \ 38. (i 22. 2 12. I Ifi. (j ~ 14. :3 H. I 


~-----~----~J----~----~~----~----~----_______ 

SC'l footnote ut end of tllble. 

• 


• 


• 
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TARLE 8.-Breakiny strenath. a,nd elongation of sh.eetinys com.posed of 
cotton., myon, a,nd blends of cotton Ulid ra.yOr/. witl!. repeated launder­
ing I-Continued 

-------""'"'"-- -----'-----,----
J3reakillg ",tn'llgth Elollgat,ion 

Times 
laulldered Dry Wet. Dry Wet.(Ilumber) 

Warp : Filling-: Warp .Fillillg-; Warp Filling i Warp: 
i 

Fillillg 

16 <:0IiulI-'6 rayoll fubric 

POli'Ir1,~' POllnd" Pounds POll IIIii; Pel'cl'lit 1"('1'1'1'111 Per('('lIt! PUCl'llt 
5" 3S. I 34. 4 25. i 23. S la. :3 18.2 14.4 , Ii. 4,10 ·to. I a·1. 2 2S. 3 25. (j I I. 4 IS, !l 14.8 1.5. 920.•. _ 3S. I 31. 4 24. 0 2i.8 1.5.0 In. 4 15. I 1(;.930, 3i.4 29. 0 ?- • 20.•, 
3.5, 

-(. ~) 12..'i 18. I , • .1. 2 14.9
3:3. 4 :30. i 2.').0 21. !) 16.2 IU.4 13. T 14. (\45 3i.8 28.6 24. 8 20. 0 f). 8 IG.2 12. ij 1:3.8?­i5 3:3. 8 - I. I 23.2 IG.4. 10. !) 18. fi 1:3.0 12. i 

.-~~.-"~,-

-."~~~-.-~ 

I G ('01 t ()1l_~56 rayon fabri<­
... - -~'-"---.---.-- --.'"- ..-.. ~. ---.~.--.. .- ---~~-- ---.... --~ 

'-'-~--. 

5. a5. 9 2i). () 15. 0 I I. 8 10.3 IG. 2 10. 8 II. (j

• 
10 :33- n 2G.., Ii). 2 13. 0 12. i'j Ii. :3 10. I 12. (i
20, 32. i 2i. [) 15 . ., 14.4 12. !) In. 0 12.0 1.4. !}
30 80. 4 21. 9 14. 0 10. 2 Ii. n II. I10. 9 9. 4
35, 2(\.4. 21.4 14. () I I. ., 12. S Ii. 6 10.4 12.4.45__ 29. (j 20. 4 13. i) n. {j II. ., 1·1. !} 8. .5 9,9ii} ?- 3 Ii. i 12..j 8. S 10. 2 lit 8 9.8 8. "

_t>. 

~---'---

:\ lI-nlYOII fal)ril' 
--.---~-.-.~-- ----.-...~---

5, 4:.:1. ;') :34. ., 17. a 1.5. 8 Ii. 2 2H.2 I!l 8 20. 810. 3i}. .. al •., li.O 1(;. S In. (j 24. n In. 5 22. i20 .. :31. 2 29. 0 la. s Ii). ·1 22. 2 2!l.4 2:~. I 2i. Iao 28. (j 29.2 12.2 la. G In. 2 26. 4 In. (j 2a. 235, 2(;.8 2(;. 2 12.4 12. 8 20. 0 2i. . , 18. 9 21. 5?­45 .. _C). (j n. 0 12. 2 I I. 9 IS. H 2(i. 5 19. :l 1.8. ::;
i5. 2-1. 2 2ii.O 10. i I 1.9 2:3. i :.:12.2 21. I 22. -I 

I A\~erngt,~ of 10 ol)~(·r\'llliOII.~. 

• 
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TABT,E 9. -Anal-!/sis of vu,rimw; of the breakiny stren{/th t~f the laundered 
sheeti77 gs I 

Degrc('" 

Souree of \":uial.ion of 


, frcNlolll 


Warp Filling \\'arp Filling 

Fld)rics•• __ "~ ,. _ . " (j 7,121. 08**7, 084.72** :3·1, no 1. ao** 2:).7(;2.0·1** 
Launderi ng:;. 1:3 315. 40* ·19:3. !)2** 91. 9(; 218. ·18 
Interaction 2". • is 99.59** ·1·1. (j:3**, 68. ·11**11·1. 8!l** 
Experimental error _" SS2 I J~ Q5 12. :)2 9. ~l8 I ~t ·H1 

1 Determination:; of IJre:lking ;;iT('ngllt WNC' Iliad" at illtN\'n!,,; or ;j I:lllnilerinl!:' 
2 Intemction of fabri('" tillle" IH.lIIHlcring:;. 
*Sigllitic:1llt at 1'=.0:). 
**S"ignifietlnl a.t 1'=.0 I. 

CIIE,\IIt:,\!. DUIAGE 

'L'h(" ('uprfulllnOniul1I fluidities :lnd dl'~I'l'('s or pl)I~-Il1('rizil.tinH (D. P.l 

are sho\\-n .in til,hle ] O. A».is ('yidl'Jlt [rom t his I II,Il\(> , if> In,lilldt'rillS:s 

ciLllsed '\"I'I'Y liLtl!' eh.0mil'ft.i de~Tadation in Hnv of" til(' i'H,hl'ie::;. 'I'flt: 

lfuuH.lry mi;thod Ilsl'd. ltowpypr: \nl.S mil.dn thll,il titl' usual ('OIllIlH'I'('iiti 


whit('~\'ilsh, sinei' no 'blench, 01.: SOlll' was added. 


• 

• 




• • • 
TABU} 1O.-F'htidiI1l a,lId dewee of polymerizaliol1 oJ .sh!?t'tiny8 compOf;('(/ (!f totlon, raYOII, (/,;U{ b/1'nd8 (~f colton and rayon 

willi. I"t!Jleatt:d laullr/('I'in{l 
-----,,-"""--~--'''-, 

,Fabric 

I 
'Flu idi I." ufter ~ ph'iti('d 1I11 11.1)(,1' of illiliHIl'ri Ill~~ 

5 10 'J­ :35 ·1 fi 7,-,_:.) 

Ikgl'l'(' of pOI."llIerizati(l1l after specified 
III"'l!.>er of 1llllllderjng~ 

-~ -"_._...._"------------'!--_---...-­
:) 10 2:", ;~5 75 

All-cotton _"" 
" c!!tt.on-}~ rayotCI 
" coholl-% rayon __ 
" cotton-% rayolI, 
~'s cot! on-~' rayon __ ' 
~, cottOIl-% rayolI __ " , 
All-rayoll _____ "" _" 

---~..--­

--~r~'--'" 
1 /(/IC.~I ?,49 

a. 02 
I a,72 
I a. 51.\ 

I 
4.47 
8. 72 

10.IH 

Nltrs 
~ '>'>
.). -­
5, 57 
;}, 50 
:3. 54 
.\. :32 
8.77 

10.7a 

/(Ju's 
.'i. 7li 
r" 1:3 
::1,51 
B. 92 
4.75 
8. lJ2 

10.84 

Nill's 
5, flR 
4. 81 
a. f,1 
:3. Slj 
4. a8 
H. (if. 

.10. 7'2 

, II'I/I',~ 
r" ·Hi 
4. 8(;
:3, (ja 
a.7n 
.\. !i2 
8.7(; 

10.01 

Nhi!.~ 
Ii, o:~ 
5. ::12 
;3, fli', 
a. 02 
[•. la 
8. n 

10.82 

I 

1)270 1 
·1400 
:3800 
HI20 
2120 
la20 
!I-IO 

(\270 
·14nO 
aUlo 
:lOIO 
20!lO 
1280 
SHO 

fioao I 
""80a770 I 
2Hno 
221iO I
1250 
000 

IHOO 
4520 
a72t) 
al20 
2240 
laoo 
H2O 

5840 
4500 
:3780 
:3190 
2250 
.1250 
Hto 

'(fJ 

t"1 
::0 
<.... 
0 
t":l 
>
txl 

~ 
>'! 
>1 

0 
"'J 
'(fJ 

~ 
t"1 
>'! 
'(fJ 

..... 
"'-t 
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~ERVICEABILITY STVDY 

On titt' bllsis of I'esults of the j)1'l'liminlll':v irn'pstigniion, the ::iO-50 
mixtuI.'l' of cotton lind !'nyon WilS ehosl'n liS II I'l'pn'scntlltivl' bll'nd for 
fudlwl' ('Ynluntion, Slwds mndl' of nll-('olton, IIII-l'IIvo11 , nnd IIH' • 
50-50 bl('nll 'H'I'(' rnnnufndured ill sufJ-i('il'nt (pinntity'fol' in-s(,l'vil'c 
I'VIIlulltion, All of til(' sh('pls of pHeh t,vpr' 'nT(' mild" from tIll' snllle 
lot of ."111'<1 goods, ApproxinUlI('I~' 50 finishl'd ShN'Is of i!H('h t:vpp \n'l'l' 
put ill s('l'vi('p nt· illf' CCnin'l'sil,V of ~1\'IUI('SS('(' nlld II similHI' Ilumlwl' nl 
KIIUSHS St:nh' Collt'g!', 

At Tt'llIH'sst't' t1l(~ S\II'('tS W('I'(' uSNl in II IIwn's dormitorv Hlld \\"('I't' 
dislrihut('d to H diff('I't'nl p"I'OUp pII('h qUflr{('I'. At KnnsHs tIll' sh('pls 
\\"1:'1'1' IIsl.'d in n WOIllNI.'S donnitolT nllt! "-('I'(' distrihut(,1! to II difl'ef'{'nt, 
group l'Ilch S('IlI('SIl'1'. '1'wo sh(,(,ts W('I'(' IISI'(\ pl'r bNI for I WI,(,k bdol'(' 
Inund('ring. The' wid!' Ill'lll ,,-ns Idwnys pIHl'NI HI thc' IlI'nl! of the' bed. 
'1'111:' she/'ts WNt' dist ri h" I I,d il.t I'll nd orn , 110 dforl hl'inl! flIHI.It- 10 k('I'p 
(.'-pes of sllL'pts pnil'('d 01' to 1't'C'ord I hpil' lIS(' liS the lop 01' hot tom sh!'l't. 
It WIIS IlSSIIIll('d llliIt 0\-1'1' II IOIl.&r !,('riod. I Ill' :;hl'pis w()uld Iw uH'd lHl. 

N!lIill llurnl)!'1' of tinlt's ill. l.'llch l>o~itinll, nlld tllilt WI'I1I' \\"01l1d b, uni­
fOl'm il I. II fly t ('sl ill!! pI'l'iot!. As ('011 11'0ls, IIllus('d sh('('I:; of pnclt Iypl' 
,n'I'I! 11I1I1U\('l'l'd with thl' llst.'d :;ltel'!S. 

JAlllIl.d('l'ill!! "-liS dow' ('omlll('I'f'illll,' h- the Illt'lltod ('ollHnoll.ly US('rI 
1'01' ligltt h- s(;il('d ,,-hill' goods. Dill;!'II~ionld (·ltflll!!l'S "-('I'(' 1I11';.sun'd 
Oil. 7 '('onlrols (Inulldt'rt,,'1 ollln nlld OIl 10 IflUIlt!l'l'~'d-llIl.rI-usl'tl sll('l'is 
of t'ilclt typ/'o . 

Ollt' I:rllllt\el'l'd-oHly !illd t\\"o 1:l.\Illdl'I'l'd-lllld-u,.;('d sl!(,P(s of Pllclt 1,\'Ilt.' 
"-('I'(' "'ithdI'l1"-1I 1'01' sf.lnplini!: Ilft!'1' i). :W, :W, 1I11r1 ;-;ij 11I1I1lI"'rilll!s lit 
hoI It schools IIlI.d, ill I.ddil iOll, IIfU'1' 4() Hnd 4:i Inundt'l'illgs lit KnllsHs. 

Sill('(' dillH'lI:;iolllll dlflll!!(' withill tlte fil'sl :j IHlIlldl:l'ill!!s "-liS so •
iHnrk('d, I1S d('1l'1'milwd in'thl' pn'limilllll'Y siudy, stntisti("11 flllHlysl's 
"-('I'(' mlldl' 011 1111 dlllll fl'olll shl'l,ts IHlIlldl'l'l'd Oil'" (II' IlIundl'l'l'd IIlld 
u,.;('d :j t illll's. IIl1d lIt thl' illtl'lTlds sl'('('ifi(,d 1llI'rPllftl'l'_ 

Till' Shl'l'tS WPl'l' sllllrpl('ti in foul' nl'l'/lS lI.undt'n,d dill~IHl/lII,'- from t Itl' 
\C,,\'('r Idt to th(, IIppl'l' ri~ht ('OI'lH'1' (fii!:, 2). AI'I'HS 2 IIlId ;{ illdud(,d. 
Ihlll portion of I It I' "It('pi wltidl O'Bl'it'll :llld SII,(,II' ({fl silltl'd \\'1'1'1' 

mosl pl'oiJniJl,\' o('('upil'd h:v illl' hod,", AI'I'IIS I flllt.1 4 ill('llIdl' t.llllt 
s('('1 ion of t Itt' sit 1'(' I 1H'llr tltl' ('tlgt' of I 11f' h('d, IIlld tIlt, t I.lf'k-in lmdl'l' till' 
III H t t n':;:;. 

In l'ltd. nf I II(' --I IIn'11S, ij WIIl'pwisl' IIl1d filling-wisp \)n'lIkillj! sl I'I'Ilg1 It 
dl'1I.'l'rnilllliions WI'I'(' 1I11ld(' IIlld I It I.' 1l\'('J'Il/!(' of Ill(' 20 l"'iI'l'Inillll.tioll.s 
r('('ol'dl'.1 I1S til., stl'l'll/!lh of t Itl' sltp(,!. 'I'ht' Illllld'.'1' of ynl'lIs P('I' illdl 
\\"IIS tllkl'll on 2 sirip,:; fl'OIll ('licit Ill'('lllIlld 1.11(' IIn'I'Il/..W of R d('i/'l'llIinll­
i iOlls 1'1'POl'Ii,d liS 1hl' ('011111. Thl' wpight "-liS tn.kl'll HI :i pIIH'/':; dillg­
olllllh- I\(,I'OSS i ht, l'II1 iI'/' shpI,t. TWII dl'ipl'rnillllt ions \\"1'1'/' rnndt, ill 
1'1H'1r' of tIll' 4 IIn'/IS for f1uidil~\' ill l'upl'llrnmlHtiulll h,vdl'oxidl' ilnd 4 
d('«'l'lIliIIlHions for ('plI"los(' nil 1'1111' yis('osilv. 

AI lilt, 8111111' tim(' ihn.\. Rlll'pts WI'I'(' sl'nt 10' '['('IUH'SSI'l' IlIld KIlIlSIlS for 
USI', fiV(' finislrl'll Slrl'l'ls of ('lId I t.VI)I' "'1'1'(' withdI'H\\'1l illld I('stl'd in tl\(' 
lubol'n.tol'il's lit B('lisvillp to dl'll'nnill(' I II(' plrysit'1I1 fllld ('\H'micIII c-lllll'­
n/'1('l'isties of 111/.'11/'\\- fll.bl'ic's. 'l'IrC\ prop('rt ips of t IH' finislll'd slH't't.s 
W('l'e sillJilnl' 10 tll(' PI'()lwl'ti('s of Sllt,'('IS of I Ill' SlIm(' ('IHllposition tl'Stl'll 
in th(1 prl'lilnilllll',v ill\'('stig-ll.tioll (tnllt> ;{). • 

http:ollHnoll.ly
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DDIE~SIO~AL C".'\~(;I;;. COIJ~T, ,DIJ)\VlmmT 

The nlH!]"'-!'s of Yllrinncc' of th(1 dHln for liirn("nsionnl ehangr. (,OUIlt, • 
and weighi" lIre sho,nl in tnbks 1 J to 14. It is (,yidl'llt fl~OI;1 these' 
tnbles tflnJ difl't"ren('('s fllnOn!! the :3 fHI:ri(·s wen' sig:niJienni fit the J­
ppn'('nl 1c-n'l Hnt! Ihnt: thl'st> (liH(lr('IH'l'S w('re' mUf·h ~n'nll'r thfln those' 
(hlc' to ,nlshing or io difT('ITIH'eS IH'tw('('n t.hC' :2 sehonls in which thC' 
slJ(~('ts w("re tested. 

The diml'llsionnl ("hnng!'s in. til(' sl)('('is hlundt'r(,d onlv nnd thos(' 
Inund(I)"('d. Hnd lIsC'd nt tl;(, Cnin:rsilY of TI'I\IH'SS('O nnd l~nnslls Stall' 
CollC'):re nftC')" 5 through :35 wnshings: nrC' gin"ll in lah](1 Ii}. All ShN~ts 
show('d fL Inrg(' wnrpwis(' shrinkllge Imd 11 smnllC'r sir('i("h in the fillill!! 
din'dion, "'ith. thl' grPfliest purt: of lhl' dlHngl' tnking pllwl' durin!! till' 
first 5 inuntierings. In tl.l(' sh('('is 1hnt \\'('1"(1 Inunci(,I"l'11 onh- 5 lillH's 
the illl-rfl.nmsho\"Nl n wHrpwis(' sb.ri.nkngt' of IELO. till' blpnd·I:2.0. nnd 
the cotlOlll.H ]}('I'(·('nt. while ill til(' fHling diredion. nil fniJri('s strdciwd 
about 5 ]wr('('llI. After :{fl ]nulllkrings, i IH' "'ilrp "In'inkngc' .h/HI in­
cl'l'ni;('d to 21.0. 16.4. :lnd g.G Pl'rf.'l'Ill. l'l'spt'din,ly. Liulp difTC'I'!'Il('e 
,nli; found bPl:"-(,C'1l dilllPllsionnl ('hnn!!!'s in til(' shf'('ts inundl'r('(1 on"­
nnt! those tHund.er('d. nnd us('d. ' . 

TABI~I'; ll.-.Jnalysis oj t'(lI'i(lllCf oj diml'Jlsional clwl/(Je in 1('(I/'P alld 
fillillY diNCliril/8 of 811(1'18. /alilu/O'frlmily 

----------- -----..,,-- ­

)1(':111 ~quan;I )('CTI'(':' 

SOilIT(' of ,·'tri'll iOIl (If 
frl'cdolll 

""HP Fillin/! •-- ~~,~~. --...,..~ 

LO(':tlioll~ (L-) 10.21 ;{5. HS 
Type;: of ",11('('1 ('1'.1 .. 2 :3, 505. S:3** 20!). SO** 
\\a::hing:: (WI ·1 102.0fi** I. (j·1 
1:1'. 2 22. 15 1 t. 71 ** 
L\\,_ .. _ .... -I I ..11 lfi. la 
TW .• _ . S 10. ·11 R.O·I 
LTW R a. II t. II 

Hhl'et5 of i'11I1!(' t."Ilf' within IDeatioll;;, t'xpNi­
mental errQr 15 Iw 5.~ !l8·1 

Sheet:: of ::tlllIl' type within lllclltion:: x wa~hing:-. tiO .1. -1,5 I. 28 
Area:: wit.hin ~I]('et" ·12 a.08 :3. .1:3 
H(:llIainder ... _ IfiS .•13 . 71 

Totul_ a1-.1 ... 

**Significunt at 1'=.01. 

• 
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TABT,tJ 12.-Analysis of mria,nce of (li-men8ional change in 1.mrp and 
jilli'llg dircch"oll.S of sheets, lwun(/ered and 1ISN/ 

Source of \'Iui:d:ion 

Location;; (1.) • _ . __ . _ . __ • _.. .. __ " 
T~-pes of sheet cn .. ___ "'" __ .. ___ _. _ _ _.___ 
Washings (Wl ___ ._. _____ ...... ______ . __ _ 

1/1'. ___ ...... __ .. __ ... .. ' .. ' ___ . 

.L \V. __ " .. ' _.... __... .. _'''' _ ... .. _... _.. _ 

T \\' ___ . _. __ .. .. .. ' 

LT\\~_ .. _____ .. _. .. ...... __ . "'" .... " 

Sheets of the sallie type lI"itldn IOl':ltion~ (error a).: 

Sheet;; of the same tYPI: within loeation" x I\·ash· 


ings_ .... _. 
Areas (Al __ ... _ ___ _ _ _ 1~ ~. 

A L ... _ _ _ _ . _____ . 
AT .... _.... . . 
:\ \\..... -.. -.... - .
:\ur _......... _ 

ALW. __ .. 

AT\\".• __ _ 


• 
ALTW_ __ _. 
A x she.:t;: of t IJ(' same type lI'it.hin lot-atioll" 

(error ill ........ _. _..' .. _ 
(Art)as x sheets of the samc t .1'pC wi, hin lO('arions) 

x washing~ ...... 

Total. 

*Signifit'ant at. P=.05. 
**Significanf, al P=.OI. 

• 


Mean square
Degrce~ . 
oi' frec­

dom 

2 
-I 
2 
·1 
S 
S 

·12 

I.riS 
2 
2 
·1 
8 
·1 
L

In 
~ 

IU 

R·I 

:3:3G 
--_.---.----_. 

lin 

-------,,..----I
\\'arp Filling 

332. 08** l 9(i. S.5** 
6,996.41** '231. 62** 

77. 24** 
107.93** 
29..5S** 
.11.31* 
1:1 38* 
4. (i,J 

l. -II 
I. ii4** 
.1. 21** 

. 05 
24 

.O(i 
17 
05 

.O(i 

18 

.07 

29.40** 
34. 59** 

7. n6 
1.4.62*' 
J~ 82 
0. SS 

. SO 
4. 81** 

12. 70* 
2 . 79* 
. ns 

I. 55 
47 
82 
·17 

7.5 

2n 

http:6,996.41


22 TECIL'II"ICAL BliLLETlX 1103, U. S. DEPT. OF AGRICULTURE 

TABLE l:3.-Ana.lys'is of mria:nce of count of sheets lmwndered a,nd 'u8ed 
aml sheets {mulIlered only 

Mean ~quare 

Degree~ 
Source of vp..r-iation of free­ Lallndpred and IIsed .Laundered only 

dom 

Warp Filling Warp Filling 

Locations (L) __ . _._ 8. ,II) 12!)' 51 ** \(\. U2 13. 54 
Type~ of sheets (1') 2 \)57. 71)** 2, ,IUS. 2ti** ti54. 48** ]. 60U. ,5ti** 
Washings (W) ___ . 3 n. 84* 59.45** 7. 2tJ 30. \(\
1,1'________ . 2 -1.9:3 28.2,5** .5. 18 13.00 

LW__ ._ .. 3 20. 22** 23. -I!)* 2. (l4 2. 74,

1'W___ _ I.t· S. 78** 3.40 7.07 7.57 
LTW _.. _. ".- 6 2. OS 4. 12 I 5. 90 I 7. 17 
Sheets treated alike (errol':1) 24 2.2tJ ·1. :38 
Areas (AL __ . ' 3 '12,8-1** 1:3.!}!)** 17.84* 8..59 
AL ___ •.... :3 7. 67** I. 1] .1. 42 . ·12 
AT ____ .. _. () .1. 20** 7. 07** 2,07 2.02 
A\\'____ . 9 ',1. 13** . (;1 .57 2. 71) 

ALT .... 6 I. 9:3 2. 12 .75 I. 75 

ALW_ !) :3. 02** I. 8-1 .1)8 .82 

ATW.. ._ 18 I. ·17 I. 48 I. :38 .94 

AL1'W____ ... 18 1. 80 .91 2 a, 70 ~ 5, 18 
Sheet" treated alike x area:: ,8!) LOn 

Total_ .. 191 

I L'Ree! as estimate of error II. 
1 l,Tsed as estimate of error h. 
*Significant at P=.0.5. 
**Significllnt at P=.OI. 

The wtl.rp sltrinkilg'e Hlld filling :;trNl.'h ilre rdle(;t('(.1 b.\· iI dCI.'I'(·i1SC 
ill the witrp (,OUllt ilnd illl in(TCnSt' in filling- eount for nil fnbries (tltble 
16). ~[ost of tit e.' (·ltnngt' O('('uITed during tlte til'si five Inundering-s, 
the illl-Tilyon showing IIt(' grelli('st nnd the nU-cotton the Il'ils! (,hnnge. 
Thcl'c WllS little diffcl'('IH'c' in ('OUIII bdwN'n the lnundel'('(l-onh- nnd 
the Inundel'cd-ltnd-1I5Nl sIH'ets. . 

DllI'ing the first; 5 IltlllHlel'ing5, thl' 1'11.\'0)1 sho\\'l'd nit in(,l'('n.St' in 
weight of 0.7 ounce IWI' squiI/,(' ynl'd, the blend O.:~, n,lId th(' eotton 0.1. 
'Between 5 ilnd :35 lilundC'l'ings, there was iI. slight CkC/'('ilSl' in \\'(·ight: 
in the fllbrics (tablt' 17). Th(' liLUndel'(·(I-nlld-used Til \'Oll l\nd totton­
l'Ilyon sheets \\'('1'(' HOIII('wltn! light('/' thnl1 thC' shec'ls 'luluu\C'l'ed onl,\·. 
This indientes dUlIlge due to W('iLI' ilS well as to Inundering. 'I'lH'SC 

diffcl'('Il('c's ill \wight. ho\\-en'I', W('I'(' n'I'.\- SHlil,ll, 

• 


• 


• 
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TABLE 14,-Ana11/sis oj variance oj 1veight oj sheets laundered and used 
and 8heets la,undered only 

Meall square, Degrees 
Source of variation of -----,---- ­

free-· I
dom Laulldered i Laundered 

and used: only 

Locatiolls (L) ________ . __ 
1 I 0,860** 2,340**Type of sheet (TJ _____ . 2 _ 29,840** 20,015**Washings (W) _ _ __ _ __

TL_______________ , 	 3 ,610** 0, 220** 
TW_______ _ 	 2 ,015 ,040*

6 i ,058 ,011LW___________ _
:LT\\'_____ • _____ • ______ . __ 	 3 , i80** ,583**

6 ,0135 1,010Sheets treated alike (error al _____ . 24 ,03.5Areas (A) __ __ _ _ ___ 
A]~_______ _ 	 ;3 , 243** ,043* 
.-\'1'. ______. 	 3 ,023 ,OOi 

(i ,025 ,02.')AW__ _ 
9 ,020 ,006ALT___ • __ 

AL\\·___ _ 	 6 ,OOi ,Oli9: ,026 ,010ATW____ .___ ___ ••••. __ 
]8 I ,010 ,010
]8· .023 2,011

Al,1'\\-'______________ •. _________ _ 

Sheets treated alike x IIrells (error b). _. _. ___ _ i2 ,012 

Total (laundered and used). 

• 	
191

Total (laundered only) _______ _ 9,5 

I nied as estimate of error II, 

2 ['sed as estimate of error b. 

*Signifieant at P=,05, 

**Significant at P=,O.l. 


The diffel'eneC's ill \\'eight of the 4 l\,rC'ilS within the' hwwkl'ed-i1nd­
used sheets were signifiennt n.t till' l-per('Pllt level (tn bl(· 14), The 
a,rens I'e('ci\'ing the lIIost body weal' would be expected to beeollle 
lightcr in weight. A('col'ding to the' 1'('suHs of a study by (YBl'i(,llllnd 
SU'ek (6'), ltrens 2 11,nd ashould bt' l'epres('llill,li\'t' of this iq>e of Wt'llI' 
while 111'1'1\. ] from the low('r left-hnnd eOrll(,I' of the shc(,'l: should be 
IClIost influ('nced by well,r, As shown in table 18, nfter 20 Inundel'ings, 
th(' nll-l'Ityon shpe/s Wl'l'e found to 1)(' lighh·r in 11I'CllS 2 nnd :~ thun in 
a/'en 1. Xo dpfinitc relationship Iwhn'l'n Ilren.s WilS indiClltcd b\' the 
coUon-l'flyon sheets, lind Hot until ;Ji5 In,undcrings did IlI'CIl 2 iil the 
nil-cotton sll('ds diff('r notie('nhh' froll1. lire1\. I, Diff('rences.in cOllnt 
betwe('n areas wit.hin th(' sh(~(·t;;;' w('re n'IT slllltll-in most ('uses less 
thitn two ,\'ill'llS PCI' inch, " 

• 
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http:Diff('rences.in


• • • 

TA nu, i;j.-IJim,"lIsiollal c/w,/l.ye oj 1l.1I'!!OlfOn, ('olton-ra'!lon, and (/./I.-r(n~OIl '~!U:I~/.~.I:";'lnd(',l'('rI ollly (I.nd sheds lWII,ndel'ed (lind ~ 
1/,sed at /V/,/l,80S Sta.te ('o/leUI' a,l/(/ 111", (rn 11'1'l's!ly (d .1 fn1l1'8SI'{! 

..,:: 
t:'i 
C':l'Lnlllldt'rNI 1I11e! IIsed LUlindered ollly 

~ 
Type of :;heet C5Ullel IIllmiJ('r War'p, shrillkll~t' Fillillg, ,;{n'{I·h Wurp, :;hrinkllgc \i'illing, st reteh ::­
of Inlilldt'rill~s t"' 

'I' -~. -~I'---~'--'! ----, \ 'I' : '0:: 
~ ; ~rf\IU1PS- ~ (~IIIl(i~- ~ t!lIl1l'~-: - .. f~IIIH~~- ~ c::1"'IIII~n,; , , A \,pn\"e l",ulI;;u.~ ; A\'l'I'IVTe hUIIRUS 1.1 verugehnnsu$ '''I'e A n'rll~(, f ;.It.(. n : 'Rl'e t::'! ! sec I t"'I 

I : 1 t" 
~ ~ - ---- --~ --~~ ........., -j-~ --~---~-, -- -- --. ~ ---~-'--------


I I ' ;j 
t"l 

Colion: 1"1'/"(:1'7,1 PI,~"I'CII/. r)ercl~"1 P/'rl'e'lIl, PI'~('C~I! ' l)f'~I'''~~' '/~t":.!'C/~1 1'1':1'1;111 Percenl, Perr;/ml, Pe~c/ml, IPercent~ Z 
5. __ 7.89 8. 38 8, .14 5. Ii!l a, h.., a. hi 1.72 I . .l7 7.8,1 I 4.84 D. 10 4.9, ...]0___ 8.1)7 S. ;~2 S.74 5.71. Ii. 00 fl. 81i 7. 9f1 8, 03 7. 99 \ fl. 7() fl. 38 5. 57 .... 

20. __ n.37 5. (i8 I.i. a!) Ii. 0·1, 8, 88 O. fi2 0. 25' 5. !}3 5. W 5. ;)(j cn. ao 9.4·1 ;,.0ao ___ !l. (;2 8.8.'i !.I. 2-1 (i. ao (i. IH,i n. -18 8. 82 (I. I(j 8. !N 7. O!) fl. ] 8 Ii. 14 
a,) ___ I}. (U !). 28 9. f.O 7.23 n. (i I Ii. !}2 n. ·11 !). 7U n. 58 n. 38 fl. (i2 {i. 00 s:\ \'erugl' __ !).08 8.8!} 8.08 (i. J2 Il. 2li! Ii. 19 8. (,Ii 8. !) I 8.7·1 Ii. 00 5. 29 ;). (i5 

Cotton-rayon: ~5___ la.24 12. (i.j 12. O·~ ! 7. 02 n. 23 ii. li2 : 12. !}i II. oa 1.2.00 n. 07 6.25 n. (II 
1o. __ la. SO 12.50 IR 15 7.48 n.lo n.8-1 12.73 II. (.7 12. I.') 8.71 5. HI 7. Ifi o 
2lL _ 14. -If, la. SO 14. 12 (i. :38 5. r.ii . 5. !}7 Ia. 70 1:3.84 ~1:3. !)I) 8, IS 4. flS H. 38 

r-l 

30 ___ 1.4.03 12.31 13. Ii 8, on 7..Hi I 7.78 lB. 02 12,2!l .12. (i(j 0.23 Ii. 02 7. ti2 ~ 
3.'i __ . H. 48 13. :H 13. !}I i. 99 fi. 03 7.0.1 1.7.32 13.42 1.5.37 7. H5 4.1)7 U.31 

:\ \,crugt' __ .14.00 12.91 13. ·Hi 7.31l Ii. 2!.1 Ii. S4 la.1)5 12.40 : 13. 20 8.1;) 5.4!1 It 82 o 
~ 

Hllyon: ::­5_____ , .18. 3(i 18.50 G. 14 4.54 .'i.:34 17. !.I.'i IS. 07 IS. 01 52 4. Ofl 4. 78 o 
10. __ .17.7·1 18.78 ti.80 4. 78 .'i. 71} 18, .')8 18.72 IS. li:) 5.li.71l 1 3. 32 5.06 ::<: 
20 ___ . HI. [.1 20. (is 4.21 R 41 :3.81 21. 03 20. !)O 20. !}(i 5.52 I. 82 3. 67 C5 
30 ___ d17. {Hi Ill. 78 r•. IS 4. SO 5. 04 21. ,')8 20. H3 21. 2H 5. (is 2. 12 3.90 
3.') __ •. 4. 3218. i!l 21. i2 ii. ~iO 4. 04 4.77 22 . .'ii 21. 31 21. 94 Ii. I!I I 2.45\ ~ 

A\'nruge __ 18.47 I!l. 89 5. f.7 4. :JI 4. 114 20. 3-1 II}. 08 20 . .Iii fl. Il-l· 2. 7ii . 4. J.') c:: 
::<:: 
t"l 
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• • 
'1\\111,1'} H'.--·Jlea.11, 1l.1l'mber of yarns 1)eI'1:nch of all-cotton, cottO'n-'/'(['?I()'n, lUul ail-rayon sheets laundered only and sheets 

-

la.undel'e<l (t,n(/ 'Ilsed alKnl/s(t8 Sta.tl~ Oollege nnd t/iI! VfI:iveJ's'ity of l'enne88ee 

--", ­

LUlllld(,I'(o(1 and IIsl.-L1 Lallndel'l)d only 

Typu of shl'l'i. alld 
nUlIlh{,1' of "-lUll Filling Warp :l<'illing 
lallndl'ring~ ._ ••••• -0' ...... _._,._ .• __ .._. ,_._ ._.....__....____\.__•••___ 

-~-------.--____ .._' 

CottOIl: 
f).,. .. __ 
20 __ • 
30 .•
aii. __ 

.A \"prugt! .. __ 
Cot. ton-l'IIyOI1: 

ii ••• 
2(1.. _ .. 
30 •• _
a5 ___ _ 

:\ vcrago._ 
Rayon: 

':),.. --­
20. _. 
ao. __
::15 ___ _ 

...\ vcrng:(~"" _ 

• .; Tt'lIllf:~. : i - . If '.I.'enlll;~' i \. _ I~un~ns I A "omg() I hum;ns I . II Av/!I'lLge .l\allsus 
HOe j j j Reo j 

,--' ...._ ... ·.. ,--_·_-1 .... - ·· .. ·..·-,·-·..----·1---\-·---·-­
,\'/1.111/11'1' ' XliII/bel' ! ,V/l.II/!Jer ! ,VII/lllbn r ,\711/111/)(:1' INII/II/ba NIl:/l/.ber 

70. 0 (i8. 4. I Ii!), 2 I Hli. I) I 05. a, fiu. 1 (m. 0 
(i!). 2 j (is. I) I Ii!/, 0 I 07. 4. (;7. l 1 ii7. 2 08. 8 
nl). I fiS." I !is. 7 Ii!). 0 I (i(i. " (i7. 7 (is. (i 
liS. 8 (is. 2 I (i8. :j fi7. S I 07. a I (ii. u liS. 0 
fi!I. 2 fiS. :j (;8. n I (i7. S, (iO. (i! (ii. 2 liS. (i 

71.3 
iI.:3 
il.fi 
70. (i 
71. 2 

lin. 8 
72. I 
70. tI 
71. 8 
71.1 

7·1. l' n. J 
H.2 74.4 
if•. 7· 74. n 
n.4 7-1.7
74.": 7-1.:3 

I 

70. Ii /1 70.0 
71. 7 70. 1 
71. 2 1 70. S 
~1. 2 1 70. 8 
II. 1 I 70. 4 

n. Ii /."•. i I 
74. a 7(;.8 ! 
75.3 77. (i ! 
74.0 77. Ii : 
74. :3 7(;. !I I 

(is. li 
70.7 
70.4 
71. 2 
70.2 

73. 2 
in. 7 
74.2 
7i).2 
74.8 

(i!), :1 
70. 4 
70. (j 
il.O 
70. 3 

74.4 
7H.7 
75. I) 

7li. " 
iIi !) 

71. ;i 
71.5 
70. 0 
70. " 
70. S 

73. S 
74.0 
71).5 
74. 4 
74.4 

iTelllu)s- j A veragc.I see­

NI/./II.bcr lV'll/III/leI' 
70.2 li9. Ii 
fiS. I) liS. S 
08. " HS. ii 

I 
fi7. I) US. 0 
li8. S US. 7 

70. 1 70. S 
72. 0 71.7 
7l.li 70.8 
70.8 70. Ii 
7.1. .I 71.0 

74.4 74.1 
77. ] 75. Ii 
75. I) 75.7 
n. 2 74.8 
n. 7 75.0 

J(al1sas 

Nu.mber 
li5. " 
lili.5 
liS. 4 
67.2 
(;6.9 

70. I 
7l.fi 
70.2 
70. 9 
70. 7 

75.8 
77.S 
77.8 
79. " 
77.6 

TC!lllCS-i A eragesee v 

Number Number 
66. " 65. 9 
1i7. " 67. 0 
ti6.6 67.5 
6S.0 67.6 
(i7.1 (i7.0 

69.6 69.8 
70.8 71.2 
71. 6 70. 9 
fi9. 8 70. " 
70. " 70.6 

74. S 75. 3 
77.5 77.6 
75.0 76. " 
77.2 78. a 
76.1 76.8 

rfJ 
l":l 

~ .... o 
l":l 
>
til.... 
t"' 

~ 
~ 

~ 
l":l 
>-3 
rfJ 

.._--. ---------­ i 
-."~.~-~~ --~,---

t,j 
Cit 
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26 TECHNICAL BUL:UETIN 1103, U. S. DEPT. OF AGRICULTURE 

Laundered and used Laundered onlyI 
Type of sheet and I

number of launderings 1" I Ten- I I I Ten- IA 
I I\.ansas nessee A verage Kansas I nessee I verage 

------------ I 
Cotton: IOu.nces Ounces I Ounces Ounces Ounces II Ounce.~I 

5 - _______________ -1 4. 00 4. 22 4. 11 3. 88 4. ;:12 4.10 

20________________ 4.10 3.91 4.01 4.15 4. UU 4.08 

30________________ 3.70 4.06 3.88 3.60 4.18 3.89

35 ________________ , 4. 04. 4. 05 4. 04. 3. 93 4. 12 4. 02 

Average_________ 3.96 4.06 ·t 01 3.89 4.16 4. 02 
Cotton-rayon: I 

iL ________________ : 4.58 4.72 4.65 4.50 4.98 4_ 74 
20 ________________ : 4. 65 4. 52 4. 59 4. 70 ,t 52 4.61 

30________________ , 4. 16 4.60 4.38 4.12 
 4.75 4. 44
35________________ , 4.38 4.51 4.4.4 4.60 4. 654.75 

Average ___ .. : 4. '15 4.59 4.51 4.47 4.75 4_ 61 
Ra}on: i 

.')----- ____________ : 5.18 5. 71 5. 32) 5. 6420 ______________ . 5. 64 5. 45 5. 92 I 
.'i. 39 ii. 51 5. 60 5. 70 i 5. ().'i 
.5. 36 5. 20 ~. 17 5. 80 I 5. 49 
5. 29 .5. 28 v. 48 5. 68 5. 58g~================!_________ 5.~: g~28Average ! .5. 44 1 .5. 36 5. 39; .5. 78 ; ii. 59 

""_~____~_!______"_L_~_~__ ..____'--

TAIH,E 18.-..illean d1jJel'ences of weight lW' square yard between area 1 • 
(mel areas 2, 3, a/wi 4- within sheets a/tel' various ini£!l'oals of laundering 
and use 

_ ..__ . --_.__..._._--_._-_ ......_--_. - .- - ­ --------~~--------

~ulllber of launderings 

Type of sheet and comparison of al'ea~ ------- -, 


5 20 30 35 
--------_._----------------------
Cotton: 

Area I vs.: Ounce.s Ou.nces I Ounce.s Ou.ncesArea 2 ________ .. _ _ _ _ _ _ _ _ _.. ____ . __ _ 0 i - 10 -.13 -.18Area 3 _________________ .. ______ .. >. +- 02 i -.0.5 - 10 -.05Area 4 _______ .' ______________ . __ 
__ 

_ 
' 

0 -.62 -.05 0 
Cotton-ravon: j

Area 1 vs.:
Area 2 _________ ._ ..._________ .. __ ._. -.07 -.22 -.16 -.12Area 3 _______________ .. ____ " .. __. ___ ' +.0.5 0 - 10 - 12Area'L ________________________ ._ 

+.03 - 10 - 13 -.07 
Ravon: 

Area 1 vs.: Area 2 __________________________ _ 
-.17 -.27 -.35 -.30

Area 3_ .. ________ .. _.. __ .. _.. _ . _.. ___ . __ 0 -.2.'> -.38 -.23Area 4_________ .• ______________ . __ _ - 12 : - 12 -.20 - 10 

• 




27 SERVICEABILITY OF SHEETS 

BREAKING STRENGTH 

The analyses of variance of the breaking strength of the sheets a.re 
given in tables 19 and 20. For the laundered-and-used sheets, the 
differences in mean brell,king strengths between locations, types of 
sheets, laundry intervals, areas within sheets, and most of the jnter­
actions of these factors were significant at the I-percent level. For 
the sheets laundered only, the greatest differ'cnces were found between 
types of sheets and laundry intervals. 

TABLE 19.-Analysis of 'va'ria,nee of bl'eakingstJ'cngth of sheets laundered 
only 

~lean sqllare 

Degrees i 
Source of variatioll of free- ~ Dry Wet

dom '____-,-_________-,--____ 

Warp Filling Warp ,Filling 

I ' I 

T_oeation (L) _ •• __ _ 1 227, 84,! 63..51, I 7fJ3. 62**1 852. 54.** 
Type of sheds ('1') __ 2 i 8\)0. 73**;1,072.92* 135,021. 08**34, fW5. 78** 
Washings (W) ____ ._ 3 !1, 570. !J2**i1, 531. 82**1 2, 015. 57**1 2, 182. 82**
LT ___ .• ____ _ 

I2' 376. 72* I 641. 74 56. ] 2* I 296. 20* 
L\\'_ .. __ • _•. ___ _ I3: 42li. 81 * 668. 87 I 106. 31 **1 164. 74. 
T\V •. _. ___ . __ ,. (i 3n. Hi I 153. ii2 50. 2H* I 70. 33 
I/fW _ , _, U I U3. U5 : I 146. 25 I 10. 14 I 51. 7!l 
AreaH (A) __ 3 ii4.. 61 **1 15, 4fJ 2. 6.'i i 4. 7fJ 
AL. __ ... 3 li. U5 21. 67 10. 7n· 31. 8!)
AL _ .. 6 24-..'in* 4. 46 3. 85 n. 3.5• 

I 

AW_. _ n 6, 15 H.t 53 7. 17 1n. 86 
ALT.. ______ ._ (i 14. 03 ] 2. 28 8. 32 38. 83* 
ALW. () 16.00 32.33 n. 5n 10.87 
ATW .' _ 18 5.03 17.2.5 (i. 01 16.18 
ALTW, __ ._. 18 ~ 8. 50 2 25. 5.'> " 17. O(j 2 13. 26 
Samplillg e(TOr. 384 5.23 n.01 5.4-1 7, H 

Tot.al_ 47!) 

1 Used as e;;lirnafe of enol' a. 

2 Uised as estimat.e of ()rror b. 

*Significant at ]'= .05. 

**S'ignificant; at P=.OI. 


• 
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28 TECHNICAL BULLETIN 1103, G. S. DEPT. OF AGRICULTURE 

TABLE 20.-Analysis of ·caria.nee of breaking strength of .<;h.eelslaundered 
and 1J8ed 

, 1_______~_[_e_a7n-s-q-ua-r-e-------- • 
IDegrees i 

Source of variation of free- ! Wet 

dom t----------- ­

j
I i Warp Filling Warp Filling 

Location (1,) ______ _ 1 305. 67* I 808. 87** 2, 42·1-. I L **1 3, 050. 57** 
Types of sheet (1') ___ ' 2 88.'>' 05**:8,421. 7{j** 41,803.6\)**;35,378.03** 
Washings (W) ______ _ 3 5,006. 65**'S, 237. 2H** H, 238. \)5**; 10,005. 0.')**
LT____________ __' 2 3, 38!). 32**,4, (j84. 4{j**, 1,223.06**1 1,306.48**L'''_________ ,. _____ _ 3 \1,256.62**, 1,606. 1()**i 545. 11**i 85!).41)**T\Y____________ .. __ 6 I 400.64**, 756.46**1 5n. 71 **: 1,233.87** LT\\-____________ _ (i' 28{j. 7(i**, 315. 1)4**1 23. 28! 77. 88 
SIl!:eti:' treated alikl'

(errora) _____ __ 24, 42.31 i 48.26 t 34.3!) i 56.71 
Area;;: (A)_ 3 p, 373. 1)!)**:I, 53.5. 07**, 1,811. 28**j' 1,741. 8\)**AL _______ .. 3 57. 44* i 67. 4!) I 28. 14 36. 61AL ____ _ (j 700. 4!)** (\70. 32**, 548. f)0** 572. 25** 
AW .. ___ . ____ _ 9 144.41)** 22\). 22**1 142.00**1 206.02**ALT _______ . ___ _ (\ 9. 81 (\ l. 69 45. 83**1' 55. Of)AL\\· _________ _ 

!) n. 4t 3(\. 1)2 15. f)8 20. 38
ATW_________ . __ . IS 33.4!)* 51.34 2S.2S 62.25
AT...TW____________ .. I 15. 5(j 13. 17', .I 8 18. .I 2 23. 5(\ 
Shed:; treated alike 

x. areas (error b). 72 IS. RR 30. on 12.82 
--------- - ------ --------~ 

Tol:al ...... ___ . 11Jl •
*Significant at p= .05. 
**Significant at P=.O I. 

The breaking strengths of the 3 types of sheet.s niter 5 through ;35 
wl1shes n,t, the 2 loentions, find after 4.0 and 4;j wnshc's it t: Kflnslls, with 
nnd without weM, I1l'e shown in til. hIes 21 fUlfl 22. 'rhe il-Vemgc 
bren,king strengtll of both 111l1ndercd-only lind Inllnl!el'ed-uIHI-llsed 
sheets dccl'cllsed us the number of In IIndel'ings inf'l'eilSed btl t Hie nmollnt; 
of the chunge vilried with the type of shcet nnd with loention (fig. ;3). 

• 
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SERVICEABILITY OF SHEETS 29 

WARP FR.LING 

COTTON 

50•• 
60 

40 ~~ 
-----:~ 

30 

" "...... 
20 

10 

iii 
't:I COTTON-RAYON 

§ 


500 
~ 
:c 
£-t 40
0 
Z 
III 
~ 30 

• 
£-t 
U) 

0 -Z 20 
~ 
<
III 10g:: 

til 


RAYON 

50 

40 

30 

Kansas Tenn. 
20 Laundered only ---

Laundered and used -----­
10 I 

0 10 20 30 40 50 0 10 20 30 40 50 

NUMBER OF LAUNDERINGS 

• 
"Flm:IIE 3.-Breaking strellgt Ii, dry: AII-cottOJl, Col.t(,II-myon, and all-m\'on 

sheets laundered 01'11\· 1111(1 Jan nderpd and used at Kllll,;IlS Sf alP College aIHi' f 11(' 
L'lIi\'ersity of 1't::nnI)SS(;(;. 



• • 

~T"lIhl': 21.' .HI'I'(Il-iIl!/ 8ll'(ill!llh oj ail-coltoll, ('ol/O/l,-I'(/!l0n, and all-rayon 8"('1'18 Ia.Wtl!('I'I'!l only /l.wl NIt('1'/8 IW/J.ndc/'(ul aud o
1I8nl at ]\(/1/8a,~ 8((111' ('off,'f!" (/I/d 1111' (rl/il'I'I ..~i/!l (d rl"'IIIUJ8S('I; 

~ 
))I'~' 1)I'('nkillf{ ..;i I'\'lif{i II t"l 

(") 

~ 
Lllllllri{'l'i'd IIlId 1I,.;"d LIllllld{,I'f'd olll,\" .... 

(")
;... 
t:"'

Type of ,,11('('j IIlId 
\\'III'P 1"illillJ..( \\'lIrp 1"il1ill~IIlllllhel' of d= 

lUll lid ('J' 1II!!" "'-'--I~----

~ 
• : '1'('11111'··_1 • 'I"'nn ..·", 'I'('nrtl\:-;:- '1'('1111(''''- t"l

I'atl~n::: -,:-';et:' A\'t\f'a~,' l'lIn~lI~ An'I'ILl-(l'; "1II.;';1I.: .'\"1.'1'111-((; I\IlIl:<a:-1 ' .::; 1.'\\'(:1'1"''' ;.,J
;';:f'~ , ~(!i~ I i;('''! "'. 

.... 
('oilon: l'ol!lId.~ PO/II/lis I'o/l/ld.~ POll lids I'olllltis / 'III/Ii r/.~ f'o/Illds 1'(1/11/(/8 l'fI/llllls 1'(I/lIId.~ i /-'/I!i.l/d.~/-'oill/d.~ I o 

~ 

fI_ ·1;,. ·lfi ;j1i.:W ·10. H.I 'i:l. :11 ·12. ao ·17. SI -17.22 ·11. 22 .14.22 rd. HfI ' "Ii. 112 48.84 I;.> 

20 ;IS. 1·1 :H.·lfi :lIi.2\l II. ·1" ;17.21 :In. :l:l ·11. 72 an. :i8 ·10. Ii;, ·17.82 ·1:i.18 41i.50 
ao aa. 12 2·1. ·1;; 2S. !II nHS :!!i, ·11 :l2.0;; ·10.2!I ~j2. IIa\;":i :!Ii. ii7 ·If,.7!1 41. 1).1 ;1:l~. 2~ Iar, 2!l. f!" 22. ;,1 20.2:.1 :11. :12 2·1. .•;, 20. ·11 :Hi. ao :12. ·12 :1.1. ;Ui :Itt. 22 •.1;•. 11') i :H. [lO 

A"('I':lf{(' :lfi. 7·1 2!!. ·11 a:l. on II. fin :1::1.li2 a7. Iti II. :IS :u;. ;,2 :II'!. fir, 41i. 12 ·11.20 I 43. /.ill r i 
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TABLE 22.-Hreaking strength, jlu·idity, and degree of polymerization 
of all-cotton, cotton-rayon, and all-rayo1/ sheets laundered on~ and 
iJheets laundered and used 40 and 45 times at Kansa.Y St.ateollege 

Dry breaking Wet breaking Degree
strength strength fFabric, times laun­ 0 P?'y­i}'Iuidit\,

dered, and used ----,---------;----1 .. merlza­
i tionWarp I,Filling Warp Filling I 

------,--- 1-------
Cotton: 

Laundered- _ I 
40 times _____ .. __ 3S. /4! 43.22 39.40 I -II. 95 ] -1_ Ij!) :H91 
45 times _______ ... ' 39. 25! 43. 70 an..52 : 44. 4.8 .15.74 35(l5 

I..aundered and used- 140 ti mes _________ ' 27. !)9 3u. OS 2S. 70 29.10 19. -18 3020 
4.', times ______ ... 28. 11 24. 95 2fj.08 25. 95 20. a7 21)05 

Cotton-ra\'on: 
Laundered- I40 t.imes ___ _ 32. 75 34.58 , 22. 42 2·1. 32 I 8. S8 2019 

45 tirne::; ___ _ 32.52 aa.8S ' 22. 28 22.82 ! n. II I\)SO
'Laundered and 

IIsed-­
40 tiIJW~_ 25. ,15 2(;.00 15. !)(j I Ii. -10 II. 31 Illsa 
45 times_. , 2-1. 8f} 21. :35 15.02 .1a. 15 I I. (i.5 Ifj22 

Hu \'Oll" 
CauI;dercd­

-10 I,iules_. _. 2{;. 18 :33. 20 II. 12 15.28 .1 B. 7\) {;54 
45 times _. _ 2(). 25 3'''.88 10. (;o 14. (i5 H. J2 6201 

Laundered :llld 

used­
-10 times_ . 2-1. 1)9 :33. 5:3 !)_ (i!) 12. HI 15.32 505 
-l5 lilues. 25. no 28.4(; !}. a7 II. ali 15. 27 550 

TIll' shN'is used Il1 .Kallslls Sin i(' Collt.·gt· Iwd t IH' nll-eotton shcp/s 
used fit t.he, ellin'r-sity of 'l'elll1l.'ssl.'l' slll)\H'd 11 I",ogr-t~ssiq· dl·t.'I'etlSC ill 
str-ellgth fr-om :) through :{:') Ilumdt'rillgs. An 1I1101ll1llous int.'r·(·lIse ill 
st;1'('11 gt.h, ho\\,('\·(·r. 0(:('111'1'1'1.1 bNwl'('" :) IIl1d 20 loullderings ill the 
coHon-r·II,.\'OIl IIl1d illl-I'II,vOIl slll~ets used ilt '1'('lIllt'SSee; t1H'SI' sheets 
did not show it {'ollsistent 1I('I:n'1I5e until nfit~r' 20 luundering's. :Xo 
('XpIIlIlUfioll ellll /)(. gin'" for- tht· incr,'Pllse iii str-Nlgth betweell :.; lind 20 
luuudm.·.ings nt; 'I'CIIIH·SSlll'. It canllot be (,xpluilled b.\" dillH'llsioIlUI 
c1l1lnge, sinee most of tht,' slll'illlmgt' took pI lice Ii urillg' tilt' first .5 Inun­
der·ings. Cherniclll dlllllnge wus rlI11t.:h the silnw lit hot.h IOt'utions, 
whieh indiciltl.'s thut Illulldry pr·t,Ic(·durl's Wt,'r-e similllr. 

The <lrT 1)I't~ltking st.r·eng-ths of tilt, cotton ShN'i:s i1scd IltKiUlSilS 
wen. gcnerlllly higher t.hlln tht)st~ or III" I'II-"on or' blt'nd. At; Tenllessee. 
the eotton she!·ts IIlso showed t.he higlH'st str'C'ngt:h uher' :') Illunder'ings 
but frolll 20 through ;~:.; I11,1 III dt.'r-i ngs , t.ltt, r'lIyon 1I11d. eotton-r-nyon 
sheets Wpr(' sll'Ollg('r' thlln till' ('ottOIl. As would he I,'xpeetcd, the W('l 
tweaking strength of thi' ('otton sheds WilS t.he highest 1I1It! t.hllt of til" 
l'Il,Yon the lowl'st; ill 1111 (·USI'S. 

Th(, III1-eottoll, lind (;Ot.t(HH'II\-On Shl'(·tS t.hllt 11Ilt! IWl.'nllluudered Illid 
uSl!d showed II gr'ell h'r' losi'! in 8t.r·t'ngtlt t hlln t:he sht'ds thnt hlld been 
Illurulered only, und t.ht'se ditfen'nl'l's wer'l: grullt:er lifter ;{;) OJ' 4,j thlln 
Il(t,er :.; wllshes, indieutillg the influence of Wellr'_ At KILIlSIlS the 1l1I­
eoUon Ilnt.! ('ott.on-royon ShN·ts showpd IL loss in dry wllrl> t.lI'cuking 

•. 


• 


• 
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strength of ahout 14 percent lifter 5 launderings without weIll' and 16 
percent after 5 laundel'ings with weill'. After 4.5 Illunderings the loss 
in strength was Ilbout :30 pel'cent without weill' and 48 pl'l'cent with 
weal'. VelT little diffl'l't'lIee wns found in the hrt'lIking stJ'cngths of 
the laulldel'l.~d-only Illld Inundel'ed-lInd-usl'd 111I-I'II,\'on sheets. 

TABLE 2a.-JJean rl(tferenCfs of breaking strength bft1lJeen area, 1 and 
areas 2,3, 0/Il(14 'within 8heet8 after 1'Orioll.S 'inten'als ()f {(tunderin!l a,nd 1lse 

XUlIlbe'r of lallnd('ring~ 
Type of shcei, and ('olllpari~(>n 

of area~ 
20 30 

\\"arp 

('otton: Pou II d.s Powid.~ POl/,l/d,~ PO/illds
Area I '·R.: 

Area 2 .. -2.02 -.1. 7:3 -.~ I. 70 -7.83 
Area 3 ,. - ,"i. I·' ··12.30 ···14.48 --.15. 16 
Area 4 •••.. ·-.87 ·1.00 -2. IIi -3,20

('otLoll-ra"on: 
Area I ~'".: 

Area. 2 .• - (;,5 -2. 2·1 -5. 28 -7. t.5 
Area 3 ... - 58 ·-G. (j7 -8. 94 -II. 4,5
Area .1.._. .,.. 30 - 2. 1.7 -2. 32 -4. 13 

• 
na,-oll: 


Area 1. '·il.: 

Area. 2__ • +. 5:3 -I. 42+. 93 - 53Area 3__ _ -2. 83 +2. 63 -- I. 61.i +. 52 
Area. 4. .'- 2. !). +1. 5(i .. 29 ;;3-

Filling 

Cotton: 
Area" '·S.: 

Area. 2 •• -t-:t 03 - 3. 75 -9. 97 --0. 98 
-,Area. 3 .. J. if) -·n. 28 Ifi, 2!l -·I/.i, ,50

Area4••.. -2. ')' ···!).05 '··13. 18_.:I 1·1. 50 
(:otton-ra.von: 

Area. I '·S.: 
Area 2. . f/7 ::I. SH 5. I(i .~ .II). 33 
Areu 3 .. - :.Hi -n. ·10 _.!). on ··12. on 
Areu·L ... ~, ·10 -.1. 8(i -7. ·10 ~!). oa 

Huyon: 

Area I "S.: 


'HArea 2 ... 7:3 :m --I. (i(j .- I. 17 
Area 3 •..• .;.. I. 00 ·2. 15 -' 2. :35 -. !)7
)\rell 4 .... '1" 2. ·Ii -2. !)2 +1. 02 : . .. 10

l 

• 

'('hI' diff('/"I'IH'/'s in '"'Pllking' st f'f'ngths bl,t w('('n th,' 1l''('IlS within the 


she('t:s Illundi'I'I:d lind used lit: tht' 1\\'0 loellt.ions 111'1' shown in tllbl(' 2:\. 

In tire 1I11-('oHolI IUIII eot!.on-I'llyon shel'ts, 1I1'1.~1I :1 showed UIP g"'Pllh'st: 

loss in Im'lIking f.il.n'ngth, eOIllIIlIf'f!d with III'Cll 1, .in both WIII'II lind 

filling, !lnt! Ill('s(' diffl,','pnel's ill<'J'Pllsed with eontinlll'd lise, In gPIII'I'nl, 

lu'ellS 2 uud 4 Illso shOwed lowl'" stl'engths than 111'1'11 1 Ilfte,' 20 1)1' :JO 
washes, with 11I'PIl 2 showing II gn'/ltl.'l' loss in WlIl'p sU'l'lIgt.1r Ihlln /11'/.'11 

4, but. II smllll('I' loss ill till.' filling dil'eetion (figs. 4 IIlId 5). The 

http:sU'l'lIgt.1r
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FIGURE 	4.-Warp breaking strcngth, dry: FOllr arcas of all-cot.t.on and cotton­

rayon shllels, lallndered and used. A"erage of two locations. 
 • 

http:all-cot.t.on


35 SERVICEABILITY OF SHEETS 

• 
55 

COTTON
50 

Laundered only 
/' (av, of 4 areas)

45 


40 


35 


Area 2 
30 

25 Area 4 
iii 
c Area 3 " g 20 
Co 


15 


• COTTON-RAYON 
50 

L.aundered only 

45 / lav. of 4 ""ea.) 

40 

Area 135 

30 

Area 4 
25 Area 2 

Area 3 

20 

15 

• 
o 10 20 30 40 50 

NUMBER OF LAUNDERINGS 
.FJ(WHE f.,--Fil1in~ bn·lIkiflJ.!; str~'IIJ.!;th, dry: VOllr Ilr«:ll~ (If all-«:otloll allfl C(.LtOIl' 

rayon ;;lie('Is, 1lllIlIII('red IlIld II~('(:L A\'emgt.' of two locationI', 



36 TECHXrC~\IJ BFI~I;ETl~ 1103, r. S, DEPT, OF AGHICCLTCHE 

difl'C'I'C'IIC'PS in bl'flilkillg stl'('ngths hl.'i\\·('('n 11I'Nl 1 illHl ihl' othl'l' 1I1'C'I1S 
of the AH-I'IlYOIl sh('ds slrnw('(1 no lkfill it(' i 1'(,IHi. 

T.he uuifo'J'Il1ity of dlllllilgfl within Ihl' w:;l,d ri\'\'OIl ",hl'pis lind IIIso • 
betw(,pn th(' sill'l.'IS IIHIIllh'I'l'd onl\- 1111(1 thos(' in SI'ITi('p, is difficult to 
('xpillin. TIII:'I'(' is II p05sihilil,\',' bowen'l', (hilt sillc{' til!' 1IIIIIItiPI'{'(\ 
I'U,\'(m shp('ts W('I'(, ioo shol't to luck. in fit thl' top and. hottom of thC' 
b('d du(' 1.0 ,II(' ('x('('ssin' "hl'inl\ngl" thl'I'(' Illil.,\' hll\'(' h('('n :l I('nd,'n('.\" 
to liSP th('1ll ]1101'(' often :IS 11 top Shl'Pl, so thnt tliey :lctlllllly I'l'('('iq'd 
!t:ss W('lll' thnn (11(' cottOIl 01' blended sll('('ls. "\1:,,0, the ~1'('iltl'l' shl'ink­
ng(' ill tl)(' l'il,\"()Il SIH'ds \I'ith ('onsl.'quf'IJt incl'l'n,,(' in \\'l'i~t'lt ilnd sll'pngth 
\\'ollid tplld to o(I'S('t thl' loss in "tr'('n~lh to Inl'l!(']' d('i!I'('(' thull in diP 
nth('!' sli(,(,ts. " . 

I,: 1.(1 V:ATIt " 

.\Ill!l~\·"(',, of ":ll'i:llll'l' of llit' 1H'1'('I\nl l'lon~:ltion of till' tlll'('(' typl'S of 
sll(\('(s Inlllldpl'l'd onl\' lind Inulll,\(>l'cd nnd IIS('II, ",Ii 0 \I' llint till' fib.'1' 
coni:('nl h:lti tll(' gl'!'tl'll',;t illfluf'IH'('': Oil ('long:lliun ([:lllli',; :2·1 nnd 2;)/. 

T.\Rr.l~ 2·1. . \I/(tl!lsi.~ (d "(fria UN (~r JH tNllt f/OIIf/,,/ifJ/( 'd shu'ls 

/'i1lillh)'( d (nrly 


:'oll'ilU -q 11:1 1'(' 

I )e!!r[>(', 


:-:iOltrf'l' of Yilrial iOIl of'rr('p­ Ill',\' 

<10m 

•FilIiJlg- \\'fll'" Filli Ill! 

Lo('atioll;, (L •. 2, X(JO. O:~** I, on,. 1,** ·1, \Hi:l, 8:i** :3, ,'.;i2, 02** 
Type:, of ",h('('! ('I'I :2 .'.;, ;):30, 5iiH x, 320, Hl** ·1, ,·1:). !l0** " I :)(i, H2** 
\\a-'hing:< I\\,. a 1,'.;'.1, Ox** I. 13S, (\3** I. I If. 21** I, 51.'5, i·I** 
1/1'. 2 ii. 20 .,s, !l2 ·I·IK ·12** I ia, n·1 
L\\'. 3 333..Ia* :3,Ifi, iii** aii·1. S9** ,I Mi. 21** 
TW o iii, !Iii .'51. Iii .'50. fi4 if), I l 
I,TW. [j I .'5i. i.'.; 131. ·1.'5 1 2!).01 1'.10,03 
A rt'a;; i ~\ J • :3 ii. ,')\ 21). ni** s, S·.I 1·1. ali 
AL .. 3 J i. SO* 2. i.1 ,'5.3·, 5.38 
AT (j 3.,')(i 2,SS II.IS* 2,.j~) 
AW n ;i. 2i 2. 2(j 2. (is 10, 5:3 
ALT. fi 6. !J·I ·1.!lO n. ·IS S.IlO 
AL\L !) .1. ,33 n, 2, .1. 2i .'5. an 
ATW. I '" 3. 3 I 3, If; 5. on i. I i 
,\LTW '_ 18 2 4. 02 ~ ,I. :.H 2 3. il 2 n, os 
Sampling errol' :3S,' I. ('O I. ·'3 2, 1.'5 2. tifi 

Totlll_ ·Ii!) 

I C~ed a,o estimate of error :1, 

2 ('sed as cstirnatn of error IJ. 

"'Significant at P "" .05. 

**Signifieant lit P"".OI, 


• 
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The efl'('('t: of lu ulldel"illg WIIS sigllifieilll t nl the I-pel"('c'n t le\'(,I; howcnw, 
the in t ('I"uction bl" WN'II wlIsh i "!!S II lid lo('atiolls is sign it-jean t lind 
indicni.('s HlIl.i; tltt' illflu('J]('p of IIIUIHlc'l"illg "'liS 1I0t eOllsistcnt n.t: the 
t\\"o lo('ntions. 	 ' 

Tlte PPI"('l'lI t: elong:) lioll of t h(' 1I11-rn,wHI slipt'! s WitS II ppl"oxi rnll te,ly 
t,,-iet' thnt of tl)(, nll-('o!:t 011 (III hlp 201. 'I'll(' n\'('I'flg-C' dl".r 1)('n~('11 t 
(,IOII!!lltiolls \\'i1l"pwist' "'('1'1.'12,;), ]7.4, IIlId 2ti,n 1'01" iltt· 11IuIIII('I'l,d-nlld­
uSNI. nn-coltoll, ('oUOn-I"II,nHl, nnd nll-myon, 1'('Slwdin'ly. In IlIOSt in­
slnll('('s, tltl' ('IOnglliioll of til(' ;'50-;')0 bl('nd of ('oUt)1\ iHld 1"1l.\"on WitS 
11('111"('1' iltni of tit;: ('ottOIl tltilll ill(' rnyoll, 

T.\nl,l~ 2;')." "\lIrllysis 	(~r 1'(l,!'ia)1cc oj Wi'a 12 I eioll{jot.ion oj s/t.pels 
100WduNI and usul 

i\[l':lll "CJlI:ll'(' 

1)('l!I'l'I'." 
ROIII'('(' of nll'iat iOIl of 'fl'('<'­

elOIl1 

\\' flt'Jl Fillin,!!: 	 \\'at'll Filling 

Lo('Utioll (Ll ·1, 7.'):3. 05** 2, 1;7fi. 80** 7, 8:10. 02** 7, :')1;2. :') 1 ** 
T.\'p(' of :;11('(,( ('1'1 2 11,;j 10. 02** I(i, :320. fiO** I 1,0·11. 2G** 1·1, 5:')·1. 1(.** 
Waf'lIinl!'; (W) :3 2, .!fi(). (j I. ** :3. ;In:'). ·11 ** ·1, 1;20. f,H** :i, 172. :38** 
LT. . 2 S7. -1·1 ISS. 8:)** 2H2. 7(;** 15~t ·18* 
LW :3 :i.'l7. I 2** ~128. 01 ** 8:32. O(i** J, 070. Ii-! ** 
'1'\\' (j -IS. ·IS H:').20* 21;'•. ·12** 1:')1. i·I** 
LTW. (i 62. no in. sn** no. ,;2** 10·1. 4(;*
R h (' t' t ;: I n'HI pel 

ali k(' (('ITUI' Ill. 2·1 2(i.0·1 20.82 2·1. a:3 28. 54 
Al'ea." t.\) a Sfi. 8·1** 2:3·1. :"1)** I:.i. ·I!)** lao. 1:3** 
AI,. :3 22.05* n. Iii 2.0!i If•. a·l* 
AT. Ii Iii..'if; 1(j.0·1 J i. 01* 1;J.47* 
A \\' ._ H 17.71 20.0:3* ·10.0·1** ·la.08** 
,\1:1' (j a. ·IS 1:3. n·1 1:3. ·lti 17. na* 
ALW f) i. ·Hi n. HI 1·1. ·1:3 S. 18 
AT\\' IS :.1. 10 S. 74 n. ·I(i !). fJ!1 
A LT\\' 18 fi.20 i. Sf. I;J. Sf; Ii). 4 !** 
SII(,l't:; tl'('!ltPri 

alike (t'ITOI' ill 72 n. (iO 7.8·1 i. :32 0.05 
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*Signifil'unt lit " ..., .0:'). 

**Signifieall t at P '''.0 I. 




Ct.2'1'" BLf: 2fi.--PI'I·cent f!r:m.!llltio/l. (d all-c'oflon, /'OIfOIl-I'f/,?/OIl., nil" alf-I'(/.!loll "hefts 11I,u,Iul"I'NI ollly alld ,q/'eff,,:! lmtndel'ed and !XI 
'/lsi'll at 1(/1I.~/18 81I1f(' ('plli'W' IIlId l/if ("lIil'('I'8it.'l (~l1','nl/l'Ii,w'/' 

8 

DI'Y I'lolIglli iOIl 
t'l 
t":l 

~ 
1..:111 n<il'I'!'d lind lI~('d LlIlIlldl'l·t'd olll,\' .... 

t":l 
> 
t" 

Typf' (If ;;11('1'1 
unci IIl1rnl)f'1' of 

1lIlIllfil'ring~ 

.. 
hnll:,a.~ 

Wllrp 

: ~l'elllte.~-
"e(' 

I'illing 

. I" 
hUIISII.'; 11'1111",,­

:-:t.'(' 

1
A,'.;,mg(' , Averllgt1 1\:1111"11;; 

\\'UI'I' 

1\'1111<':-1­

"N' 

Fillillg 

\ J' • '1'1.'11111.''';-' \ 
f \~(\ru~J' \ nllsu~; ~t~~.' ., Vf!rage 

~.- --­ -- .-.­ - --~,." 

til 
~ 
t" 
t" 
t'l 

~ 
Z 

Cotton: 
5 __ . 
20. _. 
:3(L •.. _ 
:35. . 

t\'·crugt'. 
Cot fOIl-ruYOIl: 

5.­ __ , 
20_ 

Pt'rn'll/ 
IS. 85 
.15.5·1 
12.5H 
I L 2b 
1-1. 5(i 

2ii. 1-1 
21. 2·1 

Pert'(~'1/, 
II. :H 
12.21 
8. (iO 
i.82 

10. no 
1r..88 
Ii. ·12 

! 

Pen'l'lI/. 
15. II 
la.8i 
1.0. (iO 
n. f.·1 

12.28 

20.51 
IH. a:3 

! I'N('(! III 
1 20.2·1 

1(;. S·I 
12.04 
10.8i 
1·1. \Hl 

22. 2H 
In. 10 

!'"'crft?.,/I 
la. Hi 
12. :32 
8. 8ii 
i.n 

10. f.2 

IIi. ·11 
17.21 

Perc(,1I1 
1(;. iO 
1·1. (.S 
,1.0. ·1·1 

!l. ao 
12. iii 

I!I. a5 
18. IIi 

IJel'('IJl/I 
IS. ·11 
1(;. (.2 
I:t 02 
la. :32 
If>. :J2 

24. il 
22. 2(; 

: I Jt>r('t'1I1 
II. 2,'1 
II. :3-1 
I I. IS 

H. ali 
10. 7H 

1·1. fiO 
18. al 

Pern.'I1/, 
1·1.8a 
la. Ha 
12. 10 
II. :H 
la. Of. 

In. 1i5 
20. 28 

Pert'Im/, 
• 20. ,'18 

IH. tiO 
12.82 
II. !l2 
Iii. 48 

2a. in 
20.85 ! 

PI!I'"en/. 
12.:1-1 I 
12.20 1 
II. 21i 
n. 8a 

1.1. -II 

15.51 
18.70 

Percent 
1H.46 
14.40 
12.04 
10.88 
13.44 

19.1i5 
HI. 78 

Q 
~ 

~ 
r!' 
I;;) 
t'l 

~ 
30 
a5 , __ .. 

A ,·(·ru!;,' 
({IlYOIl : 

5 _. _ 
2(.1. . 
ao •.• _ 
a5 __ _ 

17.28 
I(i. !/5 
20. 15 

a5.5(i 
an. ·1.2 
25. {i2 
22. r.8 

1'.1.2.'1 
I I. al 
1·1. iJ 

2b. 28 
20. Hi 
2:3, 8i 
21. n·1 

15. i(i 
14. 1:3 
Ii. 4·1 

:30.•12 
ao.o·1 
2·1. i4 
22.2(i 

15. Hi 
15.2f. 
18. Iii 

a·1. 2:3 
2H. 78 
24. :~8 
20. 7I.i 

12. !lb 
!1.20 

1:3. \1·1 

2H..I!) 
:m. ;j8 
2·1. III 
21. 2!1 

14. ·Iii 
12. 22 
I(i. 0.5 

ao. a·1. 
:m.18 
24.21 
21. 02 

Ifl. 74 
14. 40 
20. 28 

a5. 20 
:31. 8·1 
2:3.58 
2S. Oli 

15. {HI 
II. 50 
If•. 02 

2·1. 20 
28. 42 
25. 28 
21. 0·1 

17. i2 
12. H5 
17. Hr. 

2!1. iO 
ao. .1a 
2-1. 43 
24. 55 

Iii. :3-1 
la. titi 
18. (iii' 

aa. 87 
20. 00 
24. 08 
25. 75 

Hi. li2 
10.•'1li 
Iii. a5 

2ti. 82 
31. 1i3 
2-1. 112 
22.•,)Ii 

Hi. 48 
12. II 
17.00 

30. 34 
ao. 32 
2-1. 50 
24. Hi 

0 
"'1 

>
0 
::c 
n 
Cl 

~ 
A\'craw~ 28.5·1 25. In 2fi. 8i 2i.2!) 2[•. 5H 2(i.4·1 2!l. Hi 2·1. i·.I 27. 20 28. 1.7 21i.48 27. 33 Cl::c 

t'l 

• • .' 



• • • 
'L, JILl·: '2fi.--Pat:ent elollllation of a.ll-cotton., colto/1-ra.]lon, and (tll-I'o.]lo/l ,shl'('ls la/u,ndel'l?d only (wd ,sheets la:u.ndtred and 


1/,,s(,(/ a.i R'(f,IlS{/8 Staf(' f'oll"!le nnd till' Uniuasity (!f 'l'1'nnessee--Colltinu(]d 


"'pI ('long'lIlioll 

LIII IIHIPI'NI lind 1I~ ..d Lllllndl"l'pd 0111.\' 

Type of ,::IIt'et 
\\'III'Plind 11111111:>('1' of Fillillg' WIII'P Fillillg 


lallllderillg" ' ............. - .. ,-.....- ~.~ 


Jl 
1 , j t'l 

KIlIt':lk4 'f('IIIH'S-' A'"(,l'agt': l\nJl~H;-; rr(,'IIII(I~_ ; A"pr'ag(\ '1'('11111':-\- : I _ ! l'(~rIfH~8- I
KIIII~IIS::('t' ~('I' 's(,1" I A\'t'mg"; 1"llll~U~ i "ct. i Averagu " < 

CS.. I·~··~·-·-i--·-'·-~- ____ t'l 
;.­

,"'en'f')NI /"'1'(""111 I ','rCflll '''f'J'('enl 1'f!/'(','1I1 Pan'II1 l't'rI'I'1I1 l)f'f('/~nt P,:rr·tml PI!/·n:ul. PerreTtI. 0:1 
Colioll: t=:...,5 .. 18. in .I a. 50 Iti. H 21. 8·1 I :-,. Ii 18. :) I 18. 18 12.81> 1.,).52 20. 00 14. H ..,17.0720. Iti. 18 I 15. 0·1 1.5. til Ii. Ifi In. 37 ~ 

30. 
I/i. ii 17.50 15. :-.1 Iti. 50 IS. 57 17.5.) 18.0(i.Ia. 12 n. 8i I I. 2·1 la. 22 H. :3fi I I. 2\1 12.7·1 12.08 13.5ti 12. 08 12: 8212.." o3iL 13. ·1 I 7.50 10. -Iii ..,1·1. U8 i. ·18 10. i8 1·1. (iti I 10. 4·1 12.5:1 Iii. 02 10. 31 13. W:\ \'erug..:' I:,). 3i I I. :3:j I:t 3U Iii. :')8 12. 10 I·I,;H I,",. ii 12. i2 14.2:) 17.03 13. :')2 .Ii). 28Cotton-rayoll : Jl 

;:05. 2:l.8.) 1·1. 22 I!l. o;~ 2:,). ii 1·1. .52 20. I:') 2·1. i2 12. no 18. 80 t'l
0 

2·1. -IS 13.7ti I IH. 1220. 18..52 Ii. 28 Ii. nu IH. :-,., Ii. no IS. iIi 20. :')0 IS. Ii!) 10. tin 20. 08 I!I. 80 ! 1\1. H-I t'l 
30 . 12. -In n. 2ti to. 8(; II. \1:') H. nu >-310. 0:3 Ii. tHI 12.58 15. 28 Ii. titi 12. i5 IS. 20 Jl35 •.•... 13. ,/I 7. Hi 10, (i\/ 1·1. M~ 8. :jti I I. 5i Ill. ii \1.77 1:3. 27 17. -12 n. U8 13.70:\ v(\rH.~e 17. on 12. .18 .1-1. ti2 .I i. !Hi 15. ;;:j12. i·' 20. 00 13. ·'8 IIi. 74 I!l. !) I 14.07 IU. !)!)HIL.\·OIl : 
.5 :37. ·17 23. fiG ;30. 51 38. ::>8 2·1. :')2 31. [,r, 3(i.2(\ 20. liii 28. -Iii 3S. 38 2S. 23 31. 8020. 2S. OS 2i. SI 27. \1·1 :3l. iO ;32.28 al. !HI ;30. :')0 25. ·1·' 2i. !)i 32.3-1 :H.78 32.01i3lL.. '. 2a. :,)8 Iii. S!l 20. 23 20. 05 18. li2 22. a3 2fi. -12 IS. 28 22. a·1 28. HH In. 51l 24. 1235 ••• _. 22. (Hi 12.81 Ii. i-I 23. !Hi IIi. 23 20. on 25. no 1·1. 8·1 In. 1.12 2(\. 42 IS. 46 22.44.Average .. ., 2i. !l5 20. 2i 2·1. I I 30. Ui 22. !JI 2(\. ·I!) 2!)' 5·1 1!),80 2·1. H7 :n 45 23. 77 27.I.il 

-_._~_~_~_..____ ~ w_._ .. 

~ 
~ 



40 'rECBJ\'ICAL BULLETIN 11 03; 1!, S, DEPT, OF AGHICULTURE 

The mean elongations wPl'e YPI',\' simihu' Jo/' enell type of sheet 
whethpl' laundel'ed only or Inundrl'ed !lnd usrd, dl'Y 01' wet, and in'e­
spective of dil'ection, The mean difl'erences in pel'cent elongation at . 
the 2 locntions, howen'l', were significant Ht the l-pel'cent level. 'Vith • 
but few exceptions, the pel'c('nt elongation WHS higher at Knnsns thull 
at Tennessee. For uIl types of sheets, the Hnl'llge ('\ongntion de­
creused itS the number of In llndpl'ings inen'nsl'd; howevl.'I', at Tennessee 
thel'e wns no eonsist('IIt: deerense until IIl't(,I' 20 lit.undrl'ings ("fig, 6). 

\\Thell thell1enn vnlues for the' two schools were used, the ditl'crf'nces 
betw('('n the IWl'eNtI: elongnlions of tlH' nl'C'ns within nil sh(,(·tslnunden'd 
onl\, nnd the nll-I'H ,-on sheds InUlld('l'pd 11Ild lIst:'d wel'e H'IT Sill ill I. 
.In ih(' nll-eotton nn<1 tile cot ton-I'll n)n IflUIHIf'!'l·d-nnc!-used sh~~'ets, the 
!c)\H'sl (,Iollgntion ,nlS shown b.,- III';'H,:{ IIlId tht:' highest: by nren. 1: nnd 
thi;; difl'('I'('nC'(' incJ'('n;;('d ns 1he nll/nlH'1' ot' Il1lIndpl'inf!:s incJ'('nsl'd. This 
indicnU's Ihnt I>(HI.,- \\'l'nr h:!s SOIlW l'fl'r'C'!: in l'l'duC'il1g th(· IWl'cent don­
gH t ion of til(' slt('pts, 

CIIE.\IICAL DUIAGE 

Thc' IlIl:!1 ,'s('s of "Ilriancl' of tht' fluiditi(''; lind ]). V's of tile' slll·pts 
ttl'(' ginn iii Illble;.; '21 llllc! 28. For all Shl'l'ts thl' I1wan difl'l'J'('nl'l's ill 
fluiditif's :lIld in ]). P.'s b('I\\"('(,1l the 2 IO('lItiOIl'; '\'l'/'(' slllllll n.nd /lot 
st:lIisti('all.," signiiieHnt. sho\\'ing the u/liformit.,- of dll'micnl dllll1i1ge 
in hUlldl'rill;! 11.1 the 2 ('oll.l';!('s. As j h(' numlH'r of InunilNin;!s in­
en'aspd, th,; fluidit." (rl'ciprocal yis('osil.,') \'111111.''' for thc' she't''!'' in­
c/'l':lst'd find th(' ]). P. "nlu!'s, whieh an' n din'et 1l11'nSUI'l' of til(' 1l10leC­
ullu' 1l'llgth, dl.'cJ'('a;;I.'d. '1'h('s(' chnng-es Wl'I'(' signiiicHllt for nil t,qws 
of Slll'l'tS IllId for the sllpels IallrHll'l'l'd 0111\- as wl'll ns HlosP Illunt.i(·r'C'd • 
alld IrsN/. ' 

TIt(, cot ton sheds sllowpd till' largl'st. find t.he rn von slll'ets tlte smnll­
pst ('It iIug-c' in both fluidity and D~ P. as till' nUlldwr of wllshings in­
('I'('lIsed (tnblp 29). Tllis dcws not n('(~l'ssarih' llH'illl thnt tire cottO;l 
WIIS Illorr IHldl,'· damnged t1ll1n tile rnyoll. Fr:olll theoretiC'HI consider­
ations, it ('iUI be sho\\'11 thnt for the sanll' iunoullt of c\l('llliciti dilmnge, 
tlll'n' should be n. larger drop ill the D. P. of the long cotton molc-culc 
tllil.n in the mueh shor'ler rlt.yon molt-eule (8,7). Zwieky (7) hns sug­
gested tlllLi, the eftkullltion of thl' number of splits pel' giH'/l /lumber 
of monOl1wr ullit.s would give n IwUC'r 1l\{'itSIH'e of dnmnge than the 
D, ·P.'s. This would 1)(' pilrticularl.,' truc' whc'll comparing COtlOIl and 
l'l1yon fiLbrics, 

• 
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NUMBER OF LAUNDERINGS 
I"WIJRE 6.-Warp elongation, dry: All-cotton, cotton-rayon, and all-rayon sheets, 

laundered and used at Kansas State College and University of Tennessee. 
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TABLE 27.-'---Analysis of t'al'iance offluidity and degree of polymerization 
of sheets laundered only 

Degrc-:: ofFluidity polymerization •
Source of variation \ 

Degrees I 1 Degrees II , f Mean i of ! Mean

!fre~dolll ! square ; frel)dolll I square 

Locations (f.,) _______ ..• _. _______ , 1 O. 23 f 1 I 737, 540 
Types of sheets ('1') _ _ _________ _ 2 555. 13**; 2 1490,977,550**
Washings (W) _______ • ___ •• __ _ 3 139. 73**1 3, 9 226 121 ** 
LT. ____________ . ______ ._ .. ___ .... 2 . 48' 2 i ' 299: 892 
f., \V. ___ . _.... ___ . _.. _• ________ _ 3 , I. 04 3 79; 942 
'1'''',, ___ . ___ (i I (l. 38 i 6 1, 643, 826** 
1.1'\\ .. ___ . __ .... ____ __ (j I I. 60 (i I 148,789 
Areas (A) __ . 3 2. 27 3 202, 296
AL____ .. ________________ __ 3 I. 32 3 85,746
AT_____ •• _ (j 1.42 (i 219,368
A\\'__________ . _______ __ 9 1. ().I 9 ].t5, 080
ALT _________ _ (i I. 7,5 6 85, 828
ALW________ _ 9 2. () I 9]71, 583
ATW______ .. _ 18 I. 9ti 18 221,891
ALTW ______ . _______ .... 18 2 2. Ifi 18 2 12!), 285 
Sampling crror ____ .. __ . __ . 9(i , 04 288 !I, (i33 

Total _________ • ____ ..... '" 191 '38:3 

I U~ed as estimate of error u. **Signiticant at P=,O I. 
2 l'scd as estimate of error h. 

TAHT,E 28.-A.n([lysis 4 va;/,ilUH:e o.ffiuidity (wd d(J[JI'I!e of polymerizati071 • 
of 8heet8 {mUlderI'd (uul1l.sed 

Degree ofFluidity pol.\'llwrizl!.tion 

Source of \'uriation 
Degrees D •.'grcesMenn Meanof of 

sqlIUr(\ squurefreedolll , freedonl 

'Locations eL). _ . I. 07 I 331,50a 
Types of sheet;; ('1') • 2 I, Hj(). 1)1 ** 2 80a,38a,20!)** 
'\:~shing;; (W)_ a iafi. 05**: a 4.2, a20, 1127** 
L L __ .... 2 II. O!) 2 !)9!), (j HI** 
L\V__ :3 4.41 a 20a,41j8
TW__ {j ,52. 47** (i 1.0, 2H2, 040*" 
L'I'W____ .. ___ 

- . 
(i 2. fi2 (j 223, {i1S 

Sheet~ treuted alike (error I1j . 2-1 3. 54 2-1 155.la·, 
Areas (A) __ ~ :3 :37_ 39**: 3 I, 54'1; .')00** 
A1._____ :3 :3- 11)**: :3 22.'),211*
AL ______ Ij ~ 24**: li i H!)O, 90-1** 

AW_. ___ n •.3' ,J)-r**' I) lfi3,682* 

ALT._ (i 2. al **. ti 4.'),28!) 

ALW.. _ fJ .74 !l 85,814

A'I'\\'. _____ 18 I. O(i 18 69, 502 
AL1'W ... 1.8 1.32* 18 fi8,030 
Sh!lets treated ali ke x area~ (error ,

b) _____________ . ,
72 . fi(j 72 51,84.4 

Sampling error" __ 11)2 .0.') .')76 , fI,02!) 
TotaL __ .. __ .. - i :383 7ti7 ---"' ... - ..... -~- •-

,+-'---<--_--..............-­

*Sigllificallt at. P=.05. **Sigllitieullt ut P=.OI. 
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T~\ Ill.)'; '2fJ.-Fluidit!/ (Ind dl'f'I'((' of pO!Ylnlll'i,::atfon (d all-cotto'i, cotton-rayon, (I,n(t all-myon .yheets lmuldered only (uld sll,eets 

!tW'I!r/(Nd (tnd 'used at. }{allsas8tatc {'olll'!J(' fl,lld the Unil'{!rs'itll (.~f Tennessee 

Fillidity Dpgr«'e (If polYlJlcl'izlI1i(l1l 

Typ(' of "I)('('t and 
ntlllllwr uf /;III1I1(I('I'('d 1\ lid lI"I'd Lllllnderl·d olll,\' LllllllrlCf('d lilld IIsed LUllndcr«,'d olily 
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t'1) 
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Calculated bylZwicky's formula:(Number of splits per 100,000 


't 1000 X~percent decrease in D. P·)tl I d d I 

monomer Ulll s= D. P. at end le aun ere on y • 
cotton sheets show 8 splits per 100,000 monomer units between 0 and 
35 washes, while the blended sheets Rhow 14 splits and the rayon sheets 
37. For the used sheets the eorl'ebponding figures are 1:3, 20, And 5:3 

Area 418 
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16 
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[:., 

Area 4 

COTTON~RAYON Area 3 

10 
 Area 2 

Area 1 
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.. 
2 so0 10 


NUMBER OF LAUNDERINGS 
 • 
FIGUJtE i.-lnllidit\': FOllr ILrCI~S of all-cOltoll and cot.ton-ravoll sheets, laun­

dered and IIsed. Avcrage of two locations.' 
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splits per 100,000 monomer units. Similarly, the fluidity values, 
which are also a measure of molecular length, might be expected to 
show a more rarid rise for the cotton than for the rayon sheets for the 
same amount 0 chemical damage. 

Differences between areas for all sheets laundered· only and for the 
laundered-and-used rayon sheets were very small. The laundered­
and-used all-cotton and cotton-rnyon sheets showed the great,est 
chemical damage in areas ~~ and 4 and thc least; in area 1 (figs.
7 and 8). 
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~ Area l 
>- Area 4oJ COTTON-RAYON 
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tzl ~ tzl .......
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Area 2.• Area 3 
Area 4 
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• O~--~__~____~__~__~__~__~__~____L-~ 

o 10 lO 30 40 50 
NUMBER OF LAUNDERINGS 

FIGUUE 8.·-Degref~ of polYlileriwtion: FOllr IIrraH or III1-coII.OIl lind coltoll-rayon 
sheets, lalillticrcd and IIsed. A\'eragu of I;WO)OCIII,ioIlS. 
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The laundered-anti-used sheets showed a greater increase in fluidit.y 
and decrease in Do Po than those laundered only. Even in the used 
shel'ts, however, laundering accounted (or a large part of the total 
chemical damage (table 30)0 

TA BLFJ ~~0.-(,h.ange8 1:n, the jlu,idity and df'gree of polymeriza.tion of 
sheet8 bf'tween 0 mul S,:j Imuulering.<s 

! Fluidity Degree of polYlllerizat.ionl___~___,____ _ 
! f Propor- I IJ>ropor­
'Increase: Illcre&.3e tion of 'Decrea 'e' Decreasel tion ofType of sheet . Ill' to . due to wtal lu t" I due to total 
(e : laun increase (lOr 0 I' lalln- decreaseI
laun-: . - I t au 1- I' Ideri ng i derilig (IIC 0 I'n \ (erilig ( lIC to

I and use laun- (en g I and use lalln-

I der:ng I dering,.
-------------!------ :------

Rhes ; Hhcs Percent I I Percent
Cotton ______________ ' 8. 22 I 11. 50 ' 71 22i4. I 2904. I 78 

_________ 4.67 6.41 73 931 ,Cotton-rayon . J 195 78 
3. 69 4. 71 78 276 352 . 78

~~:~:'.~------------- ·1 

After :~05 wnshings the chcmicnl dumnge wus rnueh grcilter thun Ilftelo 

i05 wllshings in the preiiminnry iIlH·St:iglllion. Since the two Inundry 
pwcedures Wl'IOC cssentinlly the snllle except for the omission of till' 
blench Iln(L SOUIOin the preliminnry investigut ion, it sel~ms e\"idellt !hnt 
one or both of these fnetors \\"(,1"(' I"('spollsibll' for most of the dlcl1lical 
damage.

In gcneloal, good Ilgreement WIlS found t)('iw(>('n til(' results obtllinl'd 
by the two methods for m('nsUloing chemicnl dllmuge. TI\(' lincnr reln­
tionship shown ill figure 9 is ohtuint·d when tlH' fluidities uloe plotted 
agninst D. Po's. TIII'sc I'csults show thnli pithN 11\(.·thod ("ould be 
used e{funlly well for ddl'nnining ehemiclll dllmnge dUl' to IIlIIIHI('loing 
and wenlOin eelllliose fllhl'ieso 

MlcnoscoPlc STUlW OI-'FIIIEII Ih.\IAGE 

Photornicrogmphs of t.ypiellll'xnmpies of dllll1l1g(,d ('0 Ito II /lnt! I'uyon 
fibers from the Kunsns sheets III"(' shown in figun's 10 nnd. II. Th(' 
rIlyOll fibers usunlly begun to split: on the (Oonv('x sid.. of 1\ eUlon' I1nd 
this splitting bt'("ull1c pl'ogl'essin·ly dC'epelo Ulltil 1\ eompll'h' hn:'llk 
oeeUlT(·d, Ic·n.\·ing j,ypienl fl'fI.yed 01' shllrp poinh·d (·nds. Thl' brenk!'! 
ill til(' (:011011 filll'los were not ns shl1l'ply defilled. ns ill UI(' l'II;yon. In 
gClwrnl, 11 highl'l' proportion of the' ('ott(lll fUwrs show(·d I'IIggl'd pl'(·ling 
!lnt:\. floflying of tlu' clltie\t' rnthN° Ullin ttl(' Ike]> splitting of til(' IIIllin 
body of the fit 1(>1' found in. til(' I"lI.yoll. 

The I1v(,l'llge lIumbel' of dnlllllged fi.twr IIl'ellS countl'd pel' slidl' Illul 
t.he pelocellt of the dlllllllgcd UI'I'IIS dnssified liS lutving low, medium, 
/lilt! high dlllllugl\ IIl'e gin'lI in lllble!'; :n /llld :12 for the tllloN' types of 
sheets nfter VlIl'ious pNiods of ItHlIld(,l'ing IJ,nd use. As is eyidcnt 

._ 

• 

• 

http:Illcre&.3e


SERVICEABILITY OF SHEETS 47 

from these tables, the number of damaged areas and the percentage of 
highly damaged areas increased in bot.h cotton and rayon fibers as the 
number of launderings increased. The incrcase, however, was much 
more rapi(l in the rayon tillUl in the coUon fibers. Thus, aftel· 45 
washes, .51 percent of thc damagc(L arcns in the rayon fibers w('l·e clas­
sified IlS luwing high dalllllge ns compnred to la pel·cpn!:. in the eotton 
fibel'S. 
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 COTTON-RAYONW 
0: 
() 
W 

Cl 
 2,000 

RAYON 
1,000 

o 

• 
o 2 4 6 8 I Q 1.2 14 16 18 20 

FLUIDITY (rhes) 

FIf1C'Ht] Q.~·Rcllltiorl;:;hip between fluidity Ilnrl de/l:rec of poIYIIl('rizlliiOJl: AII­
col:i:o11 , <.:otton-rIlYOIl, Ilnd all-raYOJl she~1{:;, I:Lllnden~d ollly and Illllmlcred and 
llsed 5, 20, 30, IlJld a5 j,illles. A vcragc of two locations. 
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• 


• 


FIGUIIE 1O.-PhotOlllicrographs of rayon fibrrs wit:1l \'Ilryillg degrees of dlllllllgC. • 
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TABLE 31.-Damage(l areas oj cotton and rayon fibers on a microscOlJic 
slYle, by type oj 8heet and a,mOU.1lt oj la1/.ndcring and "usc 

.~.-.---.--
--. ---~-- -~- .--.............-~---- +-


Cotton fibers fro 111- Hayon fibers fro 111­ • 
Amount of laundering I

and use AlI- I Cotton- AlI- Cotton­
cotton rayon Average rayon rayon Average! 
sheets j sheets sheets sheets 

,i 
33 i 34_ 34 !) 22 16UnlaunacrclL - -- -- ---I 

5 launderings: 	 IUnused____________ ' 	 62 37 41) 4258 I 67Uscd ______________ : 
66 I 

!)3 80 .')4 .'.3 I 54 
A\'crage_________ : 62 80 71 46 50 48 

20 la\lnderings: iCnused_____________ , .11.2 
! 
I !)3 102 110 1.20 11.5 


Used ____________ -_ 114 108 n9 104
1.18 109 
Average _______ • _; 115 101 108 IO!) 110 110 

35 launderings: . ,Cnused ____________ ­ 130 .12-1 127 .178 156 W7 

l.'sed _________ --- -- 113 143 128 183 17() 180 


A\'erage_________ , 180 166 174_
1.22 134 128 
45 launderings: : 

t'nused____________ : 1-11 135 138 22n 160 In4 

l'sed _________ -_ - --' II!) 120 120 230 1!)2 , 211 


130
Averagc _________ 128 12!) 230 17(; 203 

-- ~- ..-~-------,...----.---. - ---- ._- ~.. --'...........-------­
'I'A HL'~ ~2 .--PercentafJf oj total da'maged areas oj cottO'll and '("(lyol1 jib('f".~ 

that ..,ho'w low, medi'uTIl, 0'(" Mull, dam_aUI' ajt('f·[(I,11.nde/illg or hwn(/e'f"ing • 
(I.nd 1lse 

Cotton fibers !lllyon fibers 

Amount, of Degree oflaundering From Frorn Vrom FrOIll 
damageand use all- cotton­ A"cr­ all ­ cotton­ A\'cr­

fln'on age r/l\'on fln'on age• cotton 
shects sh;;cls sheet.;; sheets 

Pfrce II I, Percent Percent P,'rf/!nt PI'rcent Percl!1ll 

l~nlatlndcrcd._ _ • Low __ 8·1. 2 88. ·1 81i. a H(i. S S-1. 2 
 !)O. 5 

l\'Icdiuln _. 12. ·1_ 0.2 n. a .8 10.8 5. S 
High a, ., 5. ·1 -I. ·1 2. 5. 0 3.7" 


5 laullderings:

tCn lI:;ed __ • ___ .' 1.0\\,__ S7. (j 8(j.2 S(j. !) S:l. 0 8·1. -I 83. 7 


~Iedilllli S.2 fl. ·1 8,S 11,8 .II. ·1 I I. (j 


High .1. 2 .1. •./ ,_1. :3 :i 2 4.2 .1. 7 


ITsed 	 Lo\\' ••• _ 83. 0 SR. 0 85. :; 71. Ii 80. 2 75. n 

Mediulll 12.0 !). ·1 10.7 20. 0 1·1. (i 17.3 

High 5. 0 2. (i 3. S S.4 v. ?_ tl. 8
- I 

-Lo\\' _ • __ _ 87. 1 SH. 2 77. a 82. a 7!l8Average •. 85. a 
i\lcdilllll .10. 1 n.4 (). S 15. !} la.o 1·1.4 
II igh .1. () a.5 -I. 0 (j.S .1.7 i 5. 8 


20laullderillgs:

Cnused _______ 	 1.0\\" __ _ 82. f\ i!l.O 80.S ·I!).O :;1. {j 50. 3 


MrdiuIIl 13.0 12.8 1.2.9 26. (I 21. 0 23. 5 

High ____ _ 	 25.0 , 2(;.28. 2 6. 3 27." i •4. " 
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TABLE 82.-Percentage, of total damaged areas of cotton and rayon.fibers 
that show low, mediu,m, or high damage after la1t:71<lering or lml:ndering 
and use-Continued 

I Cotton fibers .Rayon fibers 

Amount of 
'. Degree of ' I I II Flaundering }-rom From I ,Prom rom 

and use I damage all.-' cotton-; Aver- all- Icotton- : Aver­

I eotton ' ra~;oll i age ra\'on rayon i age 
.. i sheets sheets; I sheets 1 sheets j 

-2-0-I-a-u-n-d-e-ri-n-g-s-:I-----1 1 1'---( ! ,--­
_ Continued ! Percellt Percellt Perullt Percent' Percent; Pace"t. 

(sed __________ , Low_____ 81. 0 77.6' 79,3 50.0 51. 2 50.6 
i MediulIL_i 13.S 12.4 13.1 26.4. 21.6 24.0!High __ • 5.2 10.0 7. (i 23.6 27.2, 2.5.4 

Average ----I Im\'_____ ' 81. 8 i8.3 80.0 49..5 .51. 4.! 50.4 
: Medill/n __ 13.4 12.0 13.0 26.2 21.3 2:1.8 
i High.____ 4. S fl. 1 7.0 24.3 27.3 2.5.8 

3.5 launderings: :
l'J1l1secL ______ 1 L(l\\' _____ ' 7(i. 2 77.0 7H. 9 35. -I 46. 0 -to. 7 

MediullL. 1-1. (i 13.0 14. I 23. 6 )9. 0 21. 3High. ___ . 9.2 8. 8 9. 0 41. 0 35. 0 38.0Lo'" ____ _ 7(i. S 70, 6 73.7 3·1. 8 31l.4 37. I 
"tediulll_. In.o . 1.5. 6 15. S 22.2 20. 8 21. ii 

, High ___ _ '7.2 13. S .10.•5 43.0 39. S A \'c rage ___ _ 1,0\\,___ _ 41. " 

• 
iO. 5 74. I i5.3 3.5. I 42.7 38. !)

Mediulll __ 15.3 14. (j .1.5. 0 ! 22. 9 I!), fI 21. 4High. __ ,. I L 3 9. SS. 2 42. 0 3n.737. " 45 lall ndcrillg;;: 
t'1l118Cd _______ : LQ\\' ____ _ 

i·1. 2 77.0 75. !) 27.0 36.8 31. 9 
Mcdiulll __ 15. S 15.2 15..5 19. 2 16.4 I 17.8High ____ _ -t. ?_10.0 8.6 .53.8 46.8 50. 3 Low_____ : U3. 8 (H. 8 64.3 . 26, 4. 32. 0 2ti. 2 
MediulIl __ ' 19.2 18.0 1S. (j , 20. 4 .18.2 10. 3 High _____ : 17.0 17. 2 17. I 53.2 4!). 8 51. .5Average_____ ; Low_____ ; 69.0 71.2 70. I 26. 7 34. 4 30. 6 MediulIl __ ' 17. ij 16.6 17.0 In. 8 Ii. 3 .18.6High ____ _ 13.5 12.2 12.8 53. 5 48.3 50. n 

I 

~fi('ros('opic eXll.Ininntion of fiber diullnge showed liU.le dill'crence 
betwet'll Iflundereti-onl" and Inunderetl-nnd-used sheets. So (~on­
sistenL dill'erencc was .found in the number of damaged areas or in 
the degref' of dltlllnge of the fibers from sheets mude of the 50-50 
blend of cotton nnd rnyon nnd the corresponding fihers from the nll­
cotton nnd the nil-rayon sheets. 

C(HIPAIIISO;\" OF DIFFEIIENT 'METHO()S OF MEASUIIING DA~IAGE 

• 
For tJl.e deteriornt ion dIll' to IUllndering nnd weM t.hitt c)e(:urred in 

I,his study, 11. lineal' r('lntionship witS fOllnd bet;weell the physieltl nnd 
eheillienl IlH'uSII.res of dnrnlLge. Figul.·c 12 shows t11(' 1'(»iLt,ionsllip 
bet.\\-('cn the IWITeli t loss in dry WiLl'P bl'ellking st.rengt h llnd. Ow iJl­
tl'NlSe in fluiditv hoth fol' shcf'ts InIlIHI('I'(~d onl v nndfol' UlOse 
Inllnd ('1'''(/ n lid used. " 
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«'wuRt; 12.-Average of four areas, relationship between percent loss in •
dry warp hreaking llt.rength and increase ill fluidity: Allccot.ton, cottOIl­
rayolI, and all-rayon sheds, h'"ndered only and laundered and used. 
A\'erage of two locaf;ions. 
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FlOUR.; 13.-Areas.I aud 3, relat.ionship between percent; loss in dry warp 
breaking strength and increase in t1uidit,y: AII-I:otI.OI1, coUon-ruyon, 
and all-rayon sheets, hUllldered alld u!;wl ai, Kallsas Stlltl! College. 
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In figure 12 the average of the four areas was used for both fluidity 
and breaking strength. If, however, fluidity and breuking strength 
values for arcus 1 and :3 (ureas of least nIlf! gl'eatest WCltl') of the 
luundered-und-used sheet,s are plotted sepnrately, it is evident that 
there is a difference in the relative proportion of physical and chem­
ical damage in the 2 areas of the cotton and cotton-rayon sheets (fig, 
13). Area H, which received the most body weur, showed a rela­
tively greater loss in breaking strength as compared with the increase 
in f1uiditv than wns found in urea 1. This indicates that mechanical 
abrasion ~has a greater effect on breaking strength than 011 fluidity. 
In the all-rayon sheets, in which Jittle difference between areas WitS 

found. by either physicnl or chemical measures of dumnge, the points 
for areas 1 and 3 fall nlong the same line: 

Figures 14 nnd 15 show the relntionship between the damage as 
determined by the mieroseopic examinntion of fibers, the percent 
loss in b-reaking strength, nnli the pet'cent deerense in D. P. for the 
eoUon und ,'n,yon sheets IIsed Itt Knnsns. In the laundered-only 
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Fwullt: 14.-Shcds lalluderer\ ollly, relut,ionship bel,wel)lI 1I11111her of dlLrnaged 

area.'! per ~lide, perc()lIt; loss ill Iml!Lkin~ strengt.h, und perc(:r"; IOii!; in degree of 
jlolymerizat,ion: AII-cot,l;on und ILII-rayon Slll)ds, Kansas 8t.lLt,e College, . 
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FH;[:nE lii.-Sheets laundered alld lIsed, relatj("l~hip betweell llllrnber of dam­
aged areas per slide, percent loss in breakillg strength, alld pereeni; loss in 
degree of polYlllerization: All-cotton and all-rayon sheets, Kansas State 
College. 

sheets, the increase in the number of damaged areas on the micro­
scope slide with increased laundering followed the same geneml trend 
as the loss in breaking strength. Both microscopic examination and 
breaking strength measurements showed greater damage in the rnyon 
than in the cotton sheets, while the percent decrease in D. P. was 
somewhat smaller for the rayon than for the cotton. 

• 
In the laundered-Itnd-used cotton sheet,s, both the loss in breaking 

strength and in D. P. were greater !;hltn in the laulldered-only sheets, 
while no difference WitS found ill the Inicroscopic exa,mination of 
fibers. In the laundered-and-used rayon sheets neither breltking 
strength measurements nor microscopic eXltlllination of fibers showed 
increased dltmltge ItS compnrcd with the laund.ered-only sheets while 
there was a somewhltt greater decreltse in D. P. In the used sheets, 
the percent loss in hoth breaking strength and D. P. was about the 
same for the all-cotton Itnd for the Itll-rltyon sheets, while microscopic 
examination showed more dalllltge in the rnyon sheets. 
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SUMMARY 
To obtain information on thc durability of u t.ility fn hrics composed 

of different .fihers, n study was made of the physical nnd ehemicll.I 
properties und the pcrforllln.ncc ill al·tII al use of sheets made entirely 
or in part of cotton and of rayon. Cotton of known histor-y nncl iyp­
ielll of thnt used in ('oIJulJerein.\ production was mHnufnet,ured into 
sheeting in n,c(~ordan('e with l'eguln,1' esUI,blished mill pl'Ocedures. 
Sheetings of the snrne eOllstru('lion \\"('I'C :1\SO rnnde from stnplc \"is('(lsc 
m.\'on I1nd, from blends of cotton with Yn,l'ying nrnounts of ru.yon. 

In It pl'elirninn,ry inn:'stigalion, ;;;('ven sheetings nll:ying in fiber ('on­
tent from nil-cotton to :1U-nl,yon ill stcps or HtJl wcre end,unted ill the 
laboratory. In the unln,I.Uldel'ed f:1.1wies, thc dr·.\- bl'('i1king strength of 
the nU-cotton WitS greater' than thil.t of the n.n-riL,\-OIl; both. all-f'ot tOil 
and all-t'ayon wel'e stronger thiul the ,5 fn,bries rHade frorn blends of the 
2 fihcl's. A sirniln,r' relationship was shown in til(' YiI,r'ns used in mak­
ing the shedings. The all-I'n,yoll fn,l)['i(' WitS I(·ss resistant to liI,hol'lt­
tOl'V nbrnsion thnn the nJI-cotton 01' the bl('lIds. 

,A,H('r l'CIWjj,jec\ 1:I.lIIld('rings, shl'inkngc o('('uIT('d in nil fn hl'i('s ill 
hot h \\'n,I'p :wd filJ ing d ircd ions wi th it ('OIT('spond illg incl'c'nsc in \\'('igh t 
and, in ('ount. Tn 1.110;;1 iJlst:tIl(,f'S, thc gl'enlt'sl shl'inkag(', thp higlH'st 
('01.llIt, n.nd til(' Illfl,Xilll\1l11 \\'pighl \\'('1'(' rr;l('hf'd within Ihc' fil'st 20 
in,lIl1(\el'ings. The' nll-r;l',\'(m shn\\'('d the gTcn.t('sl ('hnllge ill th('st~ prop­
erties and the nll-('otlon tltc least. 

Xo f),pprr{'iahle dWllli!'n.l d('gnl,d:l.tion \\'ns fOlllld in fl.ll.\' of tllc f;l,h­
riC's, il'l'espe('lin~ of lil)('r ('ollie'nt, during 7;) lallndc'rillgs \\'itholll liSt' of 
blen,eh or sour. The inflllrll('C of filll'r ('on t('11 ( , hO\\'I'\"'!'. \\'as 
e\-i(knt. in thc physicn,1 prop('rlip:-;, F:l.brks ('Ollln,illillg: ;".0 pi'I't'Pllt 
01' mor(' cotton sho\\'ed littl(, ('lin,ng:<' ill hn'll,king st rl'lIgt h flJtl'r ['('­
I)('nte't\ In,IIIH\t>l'illg. \\'hile tltose ('ont:lining Ips,; tlt:1.I1 50 1H'1.,(,(,1I1 (',Hinll 
<lNT(':l,scd in st ('pngth, 

On tilp basis (.f findings fl'Ol1l thc prl'lilllinll.r.\' iIlYCstign,tioll, sh('pts 
('olllposC'd of nil-tot tOil, 11.11-1';1'.\'0.11, n,lId II. :'jO-FiO hlelld of ('ot ton a.nd 
I'nyoll \\'crc .mll,lIl1fa.duI'NI in slI.fli{'if'nt qun,lIlit,\' for sl.lldy IIncit'r :l.dllal 
tlsI' conditiolls, TII('s{' sh('pts \\'{'r(' plil.i·pd in sC'ITit,(, in ii, 111('11 ';; dt)['llIi­
tOIT H,t tile' 1'Ili\'crsit\, of Tl'J)ncssl'c n.nd in n, \\'0111('11''; dorllliton- :11; 
KfI:nsn,s Stn,t{' C'oll{'g'(;, C'h:Ulg'<'S ill th(' ph,\'si(':d :),lId f'hc'llIi(':1.i p'r(.p­
crti(,s with I'('pcn.tf'll 1:l.IIn(krillg n,nd. \\'('nr \\'{'I'(' d{'iel'lllillc,d nt, spt'('ifi('d 
in t r 1,\,:1.1 s. 

As in fhl' pr('lilllillfll'.\' ;.:1!1l1,\'. (,\':duation of th{' .\,:).[·I\S Hlld fillislH·d 
sheets sho\\'(,d t h,' :1,\ 1-('011 OIL (.0 bc' till' ;.:ll'OIl!!('S!, (0110\\'('.:1 in ord.('r 1)\' 
til(' all-rnyon f),lId till' 50-;')0 blplld of ('(.ttOIl' alld ra.."o.ll, The I'IOllg:I:­
t ion of f h(, ('otton iI,lld of t 11(' ii()-:,{) hl('lld \\-II.S f),hOIl ( f Itl' Sa.III1', approxi­
nm!rl,\' half as Iurge' fl,S tlmt of UH' all-nl,,\'II)1. 

During (hp first [j In,und(\rings, thl' :I11-rn,yoH shnl.nk. 18 P('I'('('rll, till' 
bleud 12 1)('['('('111, nllt! Ihl' all-('of tOil 8 1)('I'('cIII: in the w:I.rp t!in'('(ion. 
Wit h ilH origin:d sh(,(,t It'llgtll of II),! ill('\I('S, t1lis IIH\:tll.t los,:; ofl!l, 1:2,I), 

I),nd 8 illdl(';';' r('s))('('/ in\I,\-, fol' Ih(' ;{ l,qlf,'S of shpets, All shc('is 
st n:l('il(,d ;!,ppr(.xirJlll,1 ('1,\' :j p('r('('nt fill illf!wis(' , As it I'I'slIlt of I h(',;c' 
dim('IISiollllJ ... hanges, the' f:r.hri('s ill,'I'P:ls('d in \\'t,ight alld. also in ('Ollllt 
und, 1"'('iLking stl'(~lIg'th in tll(' fillillg din'eti(1I1, with thf' 1'f)',\'0I1 showing 
th{' gr('j),t ('fit, in('r(,:I,s(' ill Ih(,s(' pl'opP!'1 ie's. BC'tW('('H:i f),nd ;~:j I:Wlldt'I'­
illgs, SOil 1(' :l,dditioll:d shrillk:r.g:e O(,(,III'I'l'd in tilt., Wil.l'p dirf'('tion, hut 
the ('hnngl' was 11I1I ... h \('SS prono!lIwC'd tlIJUI dUl'illg the fil'st: !j wH.:-;hes, 
The wpight of 1111,' sll('('ls df'tTf'fIS('d :-;Iightly as t.he result of repented 
laundering :1.l1d wellT, 
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• 
In general, the br(,(tking strength of the sheets decreased progres­

sin~ly as the Il\lllllwr of I:wndCl'ings incl'en.sed, with the all-rllyon 
showing the gl'entest n,nd the 11.II-cofton the lens! loss in stl'ength due to 
iaundcl'inz Illonc, 'l'hc laundl'l'ed-luld-used COttOIl Illld cotton-I'avoll 
she'd" e·\-i7!Nleed gTen.tcl' d:un:lge fhiul fhe f,'olTesponding sheets Iti'un­
del'ed only find d:unil,ge was gl'enJ('st in the n.l'eil o('('upied by the 
shouldc'l's, The uscd I'nyon shects. Oil I he othel' hand) showed no dif­
fCl'cn('c in diLrnnze bet ween nTeil';:; \\-i th in ihe sh('(·/s, and Ii tile 01' 11(1 
i'n(,I'NI.;:;e in dn,rnnge ii,,, f'olllpnl'cd with thc sheetsllllllld(~I'(.d onl,\'. Thus, 
the loss ill strength in the us('d all.-I'nYOll slleets \\'flS II,bout till' SiUlle as 
01', in Home ense5, SIIIIIII(,I' th:HI th£' loss in t.he ('otton 01' blend. 

'J'hc pelTellt clong:l.tion of thc .fabl'ics de(,I'CIlSl'd IlS the lIumbel' of 
Inulldel'ings inel·rnsed. In nil. (':1.5eS, th£' laUIHlel'ed-nnd-used nil-rayon 
shpcts sho\\'ec! thc gl'e:l,ics! c!ong:IJion iI,nd the aU-tot/on the lenst. Til 
most instn.n('es, the r1ongn,tion of the blend wns dosel' to that of the 

• 

('olton than to the I':).\·on.
An shc'ets sho\\'ed IJl(TC':I.Rcd eh('rniC'nl d:Ulw,ge \\'ith incl'cHsed 1I1t11l­

dc-ring, il,nd thc usc·d shee'ts slto\\'cd gl.'NtIJ'I' ditJlll1.ge thnll those I:wn­
dcred onl\,. Xo difl't'renee \\'IIS found hctween the HI:ens in Ihe usc.1I 
/'H.yon Shl;(·t:". \\'hil(' in IiiI.' cott.on f\,nd cotton-I'an)!1 sheets the nren, 
oc('upied 1'1.\' thl' silouldl'l's showed the greatest ehcrnicn.l dnmnge. 
('Ii:lngps in f111idit.\, find d('p'('l' of polYJllerizn,tion were I(·ss in thc' flll­
/':l,nll1 sIIP(,ts thH'" in tile :l.ll-('ot!on n.nd. the blends. 

'Thl' mieros('opic ('xfuninalion of (ilwl's t:l.ken fronl the sit('ct.s used :1( 
K:lnslls slio\\'rd t.hai 01(,(,(' W:1,S fl, pl'Ogl'cssin' in('l'cil.se in dnlllflg(' as Ihe 
nllmb!'1' of I:LlIll<if'rin)!,; ill(,I'Nlscd. ;\fl.('1' til!' first fi\'c 1:lllndel'illgs, 
gl'f.'atf'1' dn,m:lge was found in tll(' 1'11.\'011 thHn in the ('01 ton fibcrs. :'\0 

di(t'('I'Pllf'l' in d:l.ma.!!(· wns (·\'id('nl, II0w('\'('I', bei\\'ccn t lie sli('C'is IlLun­
derl'd :Uld llst'd and tho,;l' iHUllikl.'ed only. 
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