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I N T R 0 D U C T I 0 N 

Cotton as an appar e l fib e r has bee n hel d i n high 

r e gard by the consumer f or its c omfo rt for ma ny ye ars . 

Since the begi nnin g of the durable p r ess era , h owever , it 

has been scrutinized clos e ly with r e gard to its wear per

forma nc e . 

Although it is an estab l is hed fact that th e cel

lul osic mol e cul e contributes to ward th e su cces s o f th e 

durable pr e ss finish by provi di ng sit es for th e crossli nk

ing of the reactant with th e fiber, numerous research 

studies have proved that the cotton fiber experiences a 

strength loss when the crosslinking and curing take plac e 

under conditions such as those used for the Koratron tr e at

ment. 

This study, which paralleled those un de rtaken by 

Helen Ball . and Grace Gingrich, s ought to e valuat e th e 

effects of a variety of types of durable press finishes 

upon the laundering performance of 100 pairs of men's 

trousers composed of 100 per cent cotton and intimate 

blends of cotton and polyest e r fibers. As a means of 

drawing conclusions concerning th e fabric-finish categories 

the following specific objectives were established. 

l 



SPECIFIC OBJECT I VES 

1 . To secure 20 pairs of men's durable press trousers, 

representative of the following respective fiber-finish 

categories: 

a. 100 per cent cotton finish ed with a me lamin e 

wet-fixation tr e atment 

2 

b. 100 per cent cotton finish e d with a modifi e d 

pad-dry-cure application of durable press finish 

c. 100 per cent cotton with a Koratron treatm e nt 

d. 65 / 35 per cent cotton-polyester with a 

Coneprest III treatm e nt 

e. 50/50 per cent cotton-polyester with a Lock

Prest durable press tr e atment 

2. To subject the trousers to 30 periods of laundering 

without wear followed by line and tumble drying, 

respectively. 

3. To evaluate the performance of the trousers after e ach 

laundering period with refer e nce to: 

a. Fabric smoothness 

b. Seam smoothness 

c. Crease retention 

4. To measure the durability of the trousers at various 

intervals during the laun de ring periods, with respect 

t 0 : 



a. Number of brok e n yarns an d holes 

b. Degree of abrasion e xperience d by trous e r 

creases 

c. Breaking strength 

d. Tearing strength 

5 . To determine the stability of th e trous e r fabric aft e r 

each five periods of laund e ring; and finally 

6. To examine th e fabrics for we ight, initially and for 

wrinkle recovery angle and yarn count both initially 

and at the termination of the study. 

3 



R E V I E W 0 F L I T E R A T U R E 

The interaction betwe e n the hydrog e n bonds of the 

cel lulose molecul e and formald e hy de, wh ic h, accord ing t o 

Hof f (23) was discovered in 190 4 , gav e rise to th e d urabl e 

pres s phenomenon which is so pr e val e nt to d ay. 

As early as 1950 experime nts conclud~d by Gagliar d i 

and Gruntfest (7) revealed that degradation of th e cellulos e 

molecule which occurs during r e sin tr e atm e nt has littl e to 

do with true cellulose d egradation, e ither hydrolytic or 

oxidative. In determining these findings cotton sheeting 

was treated with various compoun d s by a padding process 

which involved the use of an aqueous solution in th e presenc e 

of a catalyst. The impregnated fabrics were cured for 10 

minutes at l50°C. at their own original dimensions. 

The results showed that the tensile and tearing 

strength an~ the abrasion r es istanc e we re r ed uc ed , whi c h 

according to these authors happens during resin treatment 

as shown in the following statement: 

The r e duction in various strength properties 
6f cellulose fabrics appears to occur with any 
crease-proofing agent r e gardless of its 
chemical constitution or the method of appli
cation. 

4 
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Si nce 195 5 when St eele (24) conclu ded that hyd rog e n bon d ing 

betwee n cellulose and formald e hyd e was in reality a form of 

the reaction referr ed to today as c rosslinking, research 

has been undertaken at a rapid pac e in an effo rt to deter-

mine the chemicals and procedur e s most s uitabl e for the 

c rossli nking of the cell ulo se mol ec ul e i n i mpa rting d urabl e 

p ress properties to cotton a nd cot to n-polyes t e r blends. 

One of the first of th e s e st udies was c on d uct e d by 

Reid, Re inhardt, and Kullman (2 2) , who prov e d th e importan ce 

of a proper control of the curing of r e sin-treat d fabrics . 

An 80 x 80 boiled, bleach ed , and d siz ed white 

cotton sheet print cloth was us ed f or this e xperim e nt. 

The fabric was padded in a 9.0 pe r c e nt solution of CEU 

(Rhonite R-l) and 1.5 per cent of a 35 per cent solution of 

a modified zinc nitrate catalyst. The impr e gnat ed fabric 

was subjected to various curing times (15 seconds to 7.0 

minutes at l20°C.) and at various t e mp e ratur es (600 to 

l6ooc. for 30 minutes). Th e wrinkl e recovery angl e of eac h 

experimental fabric then was t es ted and th e per c e nt of 

nitrogen was analyzed to determine the resin in the fib e rs. 

The investigators concluded that crosslinking depe nds upon 

th e degree of curing and made the following general stat e -

ment concerning the resin treatm e nt of fabrics: 

Under proper conditions of r e sin application 
and cure, it is possible to produc e a co t ton 
garment which has e xc e ll e nt wash and we ar 



charact e ristics . If t h e g a r me nt is mad e f rom 
r e sin-tr e at ed wri n k l e r e s is tant co t t o n, it is 
sometim e s possibl e to i nt rod u c e a r e a so n a bly 
d urable cr e as e into th e g ar me n t . It is nec e s 
sary that a c atalyst an d wa t e r b e p r e se n t 
when th e c r e as e is s et in t he ga r me n t by h e at. 
This proc e ss is t e rm ed r e c uring. 

In a st udy i nvol ving t h e c hemistr y o f c ro ssli n ki ng 

ag e nts Pe t e r se n (19) fo un d t ha t trim e t h ox yme t hy l u r e a c ur e d 

fab ri cs e xhibit ed a bet t e r r e si s t a nc e t o aci d hy d ro l ysis , 

to wrinkl e s, a n d to c hlor i n e t han di d fa bri c s t r e at ed wi th 

di met hylol-ur e a. 

Th e e ff e c t of t e nsio n i n t h e r si n t r e a tm n t of 

all -cotton fib e rs and yarns wa s st ud i e d by Orr, Bu r g i s, an d 

Gra nt (18). Th e y foun d that th e bon di n g f or c e s be t wee n 

microscopic and submicroscopic e l e me n ts o f th e f i bers 

increas e d with the application of t e ns i on an d that this 

lateral bonding determined the ability of th e fib e rs to 

uniformly adjust an d support th e loa d . Th e y stat ed tha t : 

For a giv e n l e ngth o f stru c tura l e l e me nt, 
lateral bonding o f o p timum str e ngth must e x i st 
for ma x imum fib er str e ngt h. I f th e lat e ral 
bon d s are too we ak th e wh ol e e l e me n t wi ll 
slip; if th e y ar e t o o s t ro ng, t h e e l e me n t can
not sli p e nough l oc a lly to allow e q u al iza t io n 
of tensions b e twe e n e l e me nts. 

This study conclu ded t hat t h e st r e ngth an d e l onga-

6 

tion changes du e to resin tr e atment ar e a r e sult of str e ng t h 

and elongation chang e s in th e fib e rs . Th e loss of s t r e ngth 

was accredit e d to th e crossl i n king o f th e int e rnal fib e rs 
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which affected the position for stress e q ualizat io n a nd aci d 

de gradati on which r es ult ed from th e tr eatme nt o f th e e xp e ri

menta l fabrics. 

Keat ing, Hayd e l, and Kno epf l er ( 1 2) studied th e 

c hara cteristic o f pad - d ry tr e at ed cotton with forma l de hy d e 

as related to the catal ys t, dr yin g t empe ratur e , a n d d rying 

time. Scoured and bl e ach ed print c l oth (80 x 80 ) was 

tre ated with an aqueous solution of formaldeh yde an d sulfur 

d ioxide followed by d rying in a hot air ov e n. 

This ex perim e nt was un d rtak n for two reasons . On e 

was for th e purpos e of observing t he infl ue n ce of th e 

sul fur d ioxid e on th e br ea king str e ngth a n d wrinkl e r c ov e ry 

ch aracteristics of the ex pe rim e nt al fabrics , and th e oth e r 

was for the purpos e of det er mining th e influence of t e mp e ra

ture and drying time upon the s am e charact e ristics. Th e 

r e sults showed that wrinkle recov e ry improved and br e aking 

strength decreased as th e amount of sulfur dioxide c atalyst, 

the drying time, and th e d rying t empe rature, r e spectiv e ly, 

we re increased. 

That the structur e o f th e f ib ers u sed in d urable 

press fabrics affects th e mec hanical pr op e rties of th e 

treated fiber was reporte d by Rebe nfel d (2 1). In a stu dy 

which confirmed these findings si x d i ffe r e nt cotton yarns 

were treated for 30 minutes in a so lution c ontaining 

dimethylol-ethyl e n e -ur ea; magn esi um-ch lo ri de - hexahy d rate; 
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and a ca tionic wetting a gent . Th ese imp r eg nat ed ya rns then 

were air drie d for 30 minut es , an d cur ed for t he s am e length 

of ti me at 130oc. in a vent ov e n, befor e th e y were condi

tio ned and test e d. Th e r e sults show ed that all of th e 

exper imental cotton fib ers lo st str e ngt h, an d indicat ed th at 

all types of cotton fibers do not r e spond in th e same ma nn e r 

to resi n tr eat me nt. 

Much of the r esearc h r e lat ed to th e durable press 

finis h has t ak e n place sinc e th e pate n ti ng in 1961 of th e 

Korat ron Proc ess , which covers th e us of dimet hylol 

dihyd roxy e thylen e ur e a (DMDH EU) as a cr o ss l i nki ng ag e nt. 

Altho ugh the application of the d ur ab l e pr ss fi ni sh un de r 

th e conditions r e quir ed by the Koratron Pro cess imparts a 

memo ry of a resistanc e to wrinkling, goo d cr ease r ete ntion, 

little or no odor, and exce ll e nt s h e lf l ife for cott on and 

cotton-polyester bl e nds, th e loss of br e aking and t e aring 

strengths and abrasion r e sistanc e which ac c ompani es th e 

d urable press treatm e nt r e main s c ritic al a n d dema nds t h e 

chief concern of those e ng aged in th e field of textile 

r ese arch. 

Knoepfl e r ~ ~· (13) found that t h e abrasion 

r es istance of durable press fabrics co ul d b e improv ed 

through intimat e bl e nding of treated and untreate d cotton 

for in such blendin g the untr eated cotton was foun d to 

resist the abrasion d amag e caused d ur i ng laundering by th e 

tr eated cotton. I n a de t e r mi n ation of these f in dings th e 
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expe rime ntal f abrics we r e tr e a ted with Je layed -cur e th e rmo-

set ting and / or thermoplastic r e si n s . P e rmafresh 183 was used 

as the th e rmos e tting crosslinking ag e nt; wh e reas, Rh oplex HA 8 , 

Rhoplex HA 12, Rhopl e x HA 20, an d Poly cr yl 7 F 12 we r e used 

as the thermoplastic resins. 

In 1967, Frick, Gautr e au x , a n d Pi e rc e (6) r e port ed 
t I 

t h e i r work for im proving th e wash-and-w e ar pe rformanc e and 

t h e wrinkle recovery an gl e of fabrics by th e us e of a 

sw e lli ng agent before the c ro ssli nkin g appl i cation . Or tho-

phosp horic acid (80 per ce nt ) was us d as the sw e lling ag en t, 

and DM EU was u s e d f or th e crosslinking ag e n t . Th e ir stu d y 

showed that fab ri c s thu s tr e at e d rat d 0 . 5 high e r i n fabri c 

smoothness and 15 de gr e e s high e r i n wrinkl e r e cov e r y. 

Frick and Gautr e aux (5) r ep ort ed their expe rim e nt in 

1968 for th e improvement of wrinkl e r e cover y and br e a king 

strength of durable pr e ss fabrics. Thi s e xperiment was 

based on th e us e of a catalyst and a low t e mp e ratur e of 

23°C. for th e c rosslinking r e action, with DMEU s e rving a s 

th e crosslinking agent and zinc-nitrat e h e xahy d rate as t h e 

catalyst. This treatme nt result e d in a 10-1 5 pe r ce nt 

higher wrinkl e r ec ov e ry angl e a n d high e r breaking strength 

valu es than we r e provi de d by a h e at a ppl i cat ion treatment. 

Some chemicals s uch as DMEU and mag n es ium-chlori d e; DMU a n d 

zinc-nitrate; and bis-m et hox oxy-m e thyl- e thylene urea and 

zinc-nitrat e gave the sam e t e nde ncy ac c or d ing to th e s e 

authors. 
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Th e wrinkle recov e ry angl e, wash-and-wear performance, 

abrasion resistance and t ear str e ngth were improv ed by means 

of a copol ym e rization r esin application to the fabric in an 

expe riment conducted by Harris (9) ~ ~· Comm e rcial pri n t 

clot h us ed in their laboratory exper iment was dried to a 

maxim um moistur e co nt e nt of ~ . 0 per cent and s ea l ed in an 

atmos phere of nitrog e n. Thi s fabr ic then wa s irra diated to 

a dosage of one megarad with cobalt-60 gamma radiation, a nd 

later it wa s graft polymeriz ed in a vinyl mo nom er s olution. 

The crosslinking impregnation solution was mad up of 

Permafres h 183, zinc-nitrat e as t h 

as the we tting agent. 

catalyst , and Trito n X-100 

On th e pr em is e that mi xed catal ysts ar e more activ e 

than single ones Pi e rc e , Baudr ea ux , and Reid (20) undertook 

a study. They prov ed that the e nhanc ed a c tivity of mixed 

catalysts will provid e th e same d e gree of crosslinking a s 

a single catalyst with a low er concentration of c atalyst in 

the bath, a short e r curing tim e , a low e r curing temp e ratur e , 

or any combination of th ese three pa ra meters . 

Kravetz and Ferrante (14) imp r oved the d urability 

of 100 per cent cotton by a treat me nt wit h a crosslinking 

agent in the presence of a dual catalyst system. A 100 per 

cent cotton broadcloth fabric whic h wa s bleach ed an d 

mercerized was padded in a P e rmafr e sh 183 solution at 100 

per cent we t pick-up and c ur ed in a De spatch ov e n at 200°F . 
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for fou r minute s an d then at 250°F . for t wo mi nu tes . The 

padd ing proc e ss was do ne i n th e pres e n ce of two d if fe r e nt 

c atal y s ts. On e involved t h e us e of a d ual catalyst sys t e m 

compose d of 2 .2 p e r cent magn es ium-chlorid e h e xahydrat e an d 

0 . 22 per cent sodium-fluoborat e . Th e oth e r consist ed of a 

2 . 2 per cent magn e sium-chlorid e h e xahy d rat e only as a s ingl e 

cat alys t • ,. -

Th e r es ults showed that th e d ual catalyst tr e ated 

cot to n produced high wash-an d-w e ar prop e r t i es wit h a goo d 

d urabi lity to hom e and comm e r cial l aund e rings wh e n compa r ed 

to th at treat ed with the singl e ca talyst system . 

Harp e r~~· (8 ) i nt roduce d th e ir laboratory work 

concerning th e changes of physical properti es a n d fabric 

hand. This was achi e ved by th e us e of a hy d rophilic 

polymer with r e active alcohol moieti es attach ed to th e 

cellulose molecul e s within cotton fabrics by crosslinking 

agents. DMDEU, DMEU, and long ch ain carbamates we r us ed 

as th e crosslinking ag e nts, with polyet hyl e n e glycol an d 

polypropylen e g lycol us ed for the r ea ctiv e alcohol . As a 

result of th e treatm ent an im pr ov eme nt i n wrin kle r e cove ry 

pe rformance which rang e d from 15 to 25 deg r ee s was o b s e rv ed . 

Th e br e aking str e ngth incr e ased , but t h e t e aring st r e ngth 

showed a modest reduction. 

According to Calamari ~ ~ ( 3) a crossli n ki ng 

pretrea tm e nt o f greige fabric ca n impro v e the smoothness 
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dryi ng properties of the fi ni shed d urab le press cotto n. 

They found that th e stiffn e ss which might result from this 

proces s could be r e moved by pr e ssur e s t e ami ng, a nd that th e 

satisfac tory whiteness lev e l upon bleaching could b e attain ed 

by adding 0.3 p e r ce nt of an optical bright e ner to e ith e r the 

init ial or to the final cros slinking form ulation. Th is 

method also was found to pr e v e nt th e fo rmation of longi

tud inal wrinkles which oft e n i mpa ir th e app e aranc e of th e 

fin ish ed fabric even after r esi n tr e atm e nt. 

Morton, Hall, and Re id (17) found that a b e tt e r 

performa nc e of durabl e pr e ss r es ult d f rom t h e i nflu e nc e 

of chemical and me chanical treatm e nt s . Cotton broa d cloth 

with a 136 x 72 yarn count an d a w ight o f 3 . 5 ounc es per 

sq uar e yard was us ed as the experime ntal fabric in their 

study along with thre e comparable twill fabrics with 

110 x 54 yarns per inch and 8 ounces of we ight. A pad

dry-cure treatment in which dimethylol-propylene- ur ea , 

magnesium-chloride hexahydrat e, an d a wetting agent wer e 

applied was followed by a film-forming treatm e n t with 

polyurethane (Nyanthane WS-70). S t r e tching an d compact i o n 

were applied as th e mech anical treatment. Th e results 

showed that the polyurethan e film improve d the wrinkl e 

recovery angle, th e abrasion r esis tanc e , an d th e d im e n-

sional stability of the fabrics. The stretching process 

increased the tensile str e ngth , and th e compaction , and 

the polyurethane film improved th e abrasion resistance an d 
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stabil ity. Silicone and polyolefin we re found to be us ef ul 

in reducing the fabric stiffness which occurr ed in this 

process . 

Th e merits of the vapor phas e process for im pa rtin g 

impr oved d urabl e press properties to ce llulos e fibers hav e 

bee n exp lored by a numb e r of r s ea rch teams . This p roc ess 

which was called th e VP-3 Proc ess was fi r st announc ed by 

the Gagliardi Res ea rch Corporation (2 5) with the fo l low ing 

important advantages accr e dited to it by th e Corporation: 

(a) Complete freedom of operation outsi de of r e strictiv 

patents now covering other r e sin s y t e rns; (b) Low cost, 

perma n e nt, and c ompl ete ly chlorin e -pr oof c rosslinking 

chemic als; (c) High er tensil e and t ari ng str e ngt h and 

abrasion resistance than affor ded by r e sin-based high

temperature curing process es; anrl (d) No problem of storag e . 

Jutras, Cicion e , and Ke nn e y (11) from th e Gagliardi 

Research Corporation, und e r a co ntr act from the Unit ed 

States Departm e nt of Agricultur e , compa r ed th e wash-a nd 

wea r properties of a fabric treated with f ormal d e hy de i n 

the vapor phase with that tr e at e d with th e pad-dry-cur e 

method. 

On e set o f ur e a-impr e gnat ed fabrics was e xpose d to 

formaldehyde vapor and th e oth er set , after b e ing expos ed , 

was subjected to a cu rin g process . The r esult s s ho wed that 

both processes p roduced th e same a mount of r es in in the 



fabr i c , whi ch meant that the r e sin fo rm a tion during th e 

vapor phase react i o n was co mpl e t ed . 

Th e vapor phase-tr e at ed fabr i c produced a high e r 

cre ase recovery angl e both in th e we t and dry states than 

did those tr eat e d with th e pad- dry - c ur e p ro ces s. Th e t e n-

sil e st r e ngth a n d th e abr asio n r es istanc e we r e al s o high e r 

i n the vapor -tr e at ed fabri cs . 

Ext e nsiv e r esearch was un de rtak n by Ca mp be ll a nd 

Stap l es (4) in relation to th e vapor p has e t c hniqu e fo r 

im parting durable pr ess prop e rti e s to all-cotton fabrics . 

Expe rim e nt al fabrics (80 x 80 in c h c otton print c loth) 

were bl e ached and ther e aft e r t reated with an aqu e ous 

tion of 36-38 per cent formalin and about 12 pe r c nt 

olu-

methanol. A three roll padd e r was us ed in the finishing 

process which provided a we t pick-up of approximat e ly 80 

per c e nt. After being padded th e sp e cim e ns we r e susp e n ded 

in a closed glass tank and subj e c te d to f o rmald e hy de vapo r 

s upport ed by an op e n dish of formalin so lution. Th e vapor

exposed samrles were cured in an oven at 150° - 160°C . fo r 

five minutes and then washed, d ri ed , an d conditio n ed b e for e 

they we re tested. 

The results showed the im p ortanc e of a c ar efully 

selected c atalyst for this typ e of d urabl e p r e ss tr e atment. 

The ur ea -forma ldehyde with an ammoni um sal t catalyst in th e 

vapor phase application prod uc ed a b e tt e r d ry and we t cr e as e 
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r e cover y than was produced wh e n zinc nitrat e was u s e d as a 

catalys t. 

The wet -fixation d urabl e pr e ss pr o cess, a n ew me thod 

of prese nsitizing cotton by me a n s of a polymer d e position of 

N-methy lol compound, has bee n st ud i e d and desc r ib ed as fol-

lows by Margeson and Getc hell (15): 

These process e s hav e d e mJnstrat e d that me lamin e 
forma ld eh yd e can be deposit d in cot ton without 
affecti ng th e str e ngth or in c r e asi ng the wash
wea r prop erties o f th e untr e at e d c otton. 

Bes i de s the above-mention ed prop rti es th e i n v stigators 

found that this process improv ed s torag e stabil ity and gave 

high e r creas e sharpn e ss despit e the fact that th e wash-wear 

properties did not reach thos e achieve d by th e conventional 

pad-dry-cure proc e ss. 

In a det e rmination of th e s e fi ndings cotton fabrics 

were treat ed with melamin e -formaldehyd e by mea ns of th wet-

fixation proc es s, follow ed by a padding ap p lication of 0. 5 

per cent zinc-nitrat e h e xahydrat e . Th e fabric then was 

d ried at 40°C. and cured at 160°C. for 3 . 0 minut es . For 

comparative purposes the same fabric was padded with 3 . 0 

per cent DMEU an d 0.25 p er ce n t zi n c -ni trate h e xahy d rat e, 

dried and cure d by the sam e methods as were use d for th e 

wet-fixation process. Th e r e sults showed t hat th e balanc e 

between breaking and was h-an d - wear properties was unusual 

as compared to those which r e sulte d fr om t h e presensitized 
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c uri ng sys t em . Th e sam e l e ve l o f wash - a n d - we a r p r op e r ti e s 

of bo th t r ea tm e n ts sh owed t hat t h e b r e aking a n d t e arin g 

s t r e ngt h s (ave r a g e o f war p a nd filling) we r e l l an d 1 2 p e r 

c e nt hig h e r than tho s e tr ea t e d b y th e c o nv e n ti on al pa d - d ry 

c ur e tr e atm e nt. 

Add i ti onal wor k in r e l a tion to t h e br e aki ng s tr e ngt h 

a nd wrink l e r e c o ve ry o f fabric s tr e at e d by me ans o f t h e we t 

f i x atio n pro cess was c on d u c t e d by Ho l li e s (10) . Pri n t c loth 

or t wil l we r e p added at 100 p e r c e nt w. t pick- up wit h a 

wa t e r-s olubl e c ro s sl i nk i ng r e s i n mi x ed wit h h yd r o c hl ori c 

a c id a t a low pH. Th i s i m? r e g n at e d fabri c th n was d ri d 

at l 00°F., s e al e d in a f l at c on d iti o n i n Myl a r e nv e lop s, 

a n d cur e d f or a pe rio d of 1 5 mi nut e s at 180°F . Th e fa b ri c 

wa s wash e d aft e r b e ing rins e d in a 2 .0 p e r c e n t s olu tio n o f 

s o d ium-carbonat e and th e n p a dd e d in a ca taly s t s olu t i o n o f 

z in c -nitrate h ex ahy d rat e or ma g n e si um- chlori de h ex ahy dra t e . 

Th e pad-dry-cur e proc es s a l s o was a pp l ied to t he f a b ri cs at 

a 100 per c e nt we t pi c k-up an d wi th a ba t h co n t a i n i n g 1 . 3 

p e r c e nt P e rmafr es h, 2 .6 p e r c e n t Cata l yst X- 4 , a n d 0 . 2 p er 

ce nt Triton X-100. Th e cur i ng was do n e a t 320°F . 

Th e r e sul t s sho wed that th e wri n kl e r e cov e r y wa s 

be tt e r for those fabrics t re at e d wi t h t h e pad - d ry- c ur e 

process than for thos e tr ea t e d at th e s a me level o f wa s h -

an d-wear with th e we t-fi x at io n me tho d . 

with r e spect to b re a k in g st r e ngth . 

Th e r e ve rs e wa s t ru e 



The proc ed ur e which wa s us e d in th e application of 

th e we t-fixa tion pr o cess by Holli es is shown a s follows : 

MIX RESI N WITH 

ACID - SOME AGING 

PAD RESIN BATH 
AT HIGH PICK-UP 

HEAT TO 18 0 ° F . l 5 

MIN., RETAIN H20 

NEUTRALIZE WASH 

AND DRY 250°F. 

PAD ON CATALYST 

AND SOFTENER 

DRY AT l00°F. 
(AND STO RE ) 

SHAPE CREASE 

USE PRESS STEAM 

OVEN CURE DRY 

l00°F. FOR 8 M I 

EVALUATE 

WASH-AND-· EAR 
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P L A N 0 F P R 0 C E D U R E 

DES CRIPTION OF EX PER IME NTAL TRO USERS 

On e hun dred pairs o f me n 's d urabl e p r ess khaki 

trouse rs and matc hing yar d age r ep r e s e n tat iv e of fiv r -

sp e c tive fib e r-fabric-finish cat e gor i e s we r e u s d a s 

exper im e ntal mat e rials in thi s r e s e arc h st ud y. 

sers and materials we r e cat e goriz erl as fol low s : 

Th e tro u

A(lOO) ; 

B (200); C (300); D; an d E. Cat eg or ies A, B, and C we r 

r e prese ntativ e of 100 pe r c e n t cotto n ; Cat gory D of 6 5 / 35 

cotton-polyest e r; and Cat e g ory E of 50 / 50 cotto n-polye ster . 

Tw e nty pairs of trous e rs tog e th er with ap p roximat e ly tw o 

yards of matching mat e rial from eac h of th e fiv e cat gori es 

made up the exp e rimental lot. 

The trous e rs were of a casual de sign with " e xec u-

tive " cut and with cr e as ed an d c uff ed l e gs . Th e all-cotton 

trousers (Categori es A, B, a n d C) we r e ma nu factu r ed b y 

De lmar Pants Company , De lmar, Maryla n d , from id e nti ca l 

fabrics which we re treated wi t h a melami n e wet - f ixation, a 

modified pad-dry-cur e , a nd a Ko r at ron fi nish, r espec ti vely . 

The 65 / 35 cotton-polyest e r trous e rs in Cat eg ory D 

we r e mark e t ed by the Coman de r Garm e n t Compa ny un d e r th e 

18 



brand nam e of "Hit Em Har d " and wer e tr e ated wi t h the 

Conepres t III treatment. 
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Th e 50 / 50 cotton-polyest e r t rou se rs (Category E) 

were a prod uct of Smith Brothers Manufa c turing Company. 

Dacron 59 wa s used as the poly es t er in these trousers which 

were advertized as having a Lo ck -Pr es t d urabl e press tr e at-

ment. Further details concerning the expe rimental tro users 

can be found in Summary A. 
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SUMMA RY A ----

Fabr ic Ch ar a ct e ristics 

Fabric Fiber Dur abl e - Pr e s s ~·:" Cou n t We av e We i g ht in 
Cat eg ory Con te n t Tr eat me nt F· - Oz / Sq . Yd . 

A 1 0 0 ~~ Wet-Fixat i o n 98 . 0 55 . 8 3 / 2 7 . 6 
(100) Co tt o n (M e lamin e ) Twil l 

B 100% Mo difi e d 96 . 0 5 6 . 6 3 / 2 7 . 6 
(200) Co tt on Pa d -Dr y-C ur e Twill 

·---
c 100% Koratron 95 . 5 55 . 6 3 / 2 7 . 4 

( 300) Cotton Twil l 

6 5 / 35 
I D Cotton- Con epr e st III 116 . 4 50 . 6 3 / l 8 . 2 

Polye st e r Twill 

J 

so I s-o I 
I E Co tto n- I Lock - Pr e s t 113 . 2 4 9 . 0 3 / l 7 . 3 

Poly e s te r ! Twill 
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IDENTIFICATION OF TR OUSERS 

As a means of id en tifying each pair of trous e r s in 

th e stud y, permanent markings, which consisted of two l et t ers 

and a numeral, were placed insi de the waistband be for e th e 

trouser s wer e laundered. The first lett e r i de n tifi ed th e 

fabric categ ory (A, B, C, D, or E); wh e r e as th e seco n d 

r epresented the method of drying (T - tumbl e ; L-lin e) , an d 

th e numeral r e pr ese nted th e particular pair of trous e rs in 

a cer tain cat e gory (1-10). Th e fabric yardag e was mark erl 

at on e e nd in keeping with th e abov e proc e dure . 

LAUNDERING PROCEDUR E 

All trous e rs and fabrics were subject ed to 30 

laund eri ng periods at l40°F. in an RCA Whirlpool Imp e rial 

Mark XII Wash er . A 12-minut e normal washing c ycle followed 

by a warm rinse was used, with high agitation and high spin. 

The wash load was r est rict ed to app roximat e ly six poun ds , 

which usually con s isted of fiv e pairs of trous e rs an d o n e 

or two pieces o f the yar dage. Be fore th e e xp e rim e ntal 

trousers and fabrics were plac e d in th e wash e r, 135 grams 

of Dash deterg e nt we re added to th e water an d agitat ed until 

dissolved. Th e trous e rs were wash ed right side out with 

zippers closed and waistban ds buttoned or hooked . 

Imm ediat el y foll owing the wash ing and rinsing c ycl e s 

t h e trousers a nd fabrics were removed fr om the wa s h e r and 



pr e par ed for th e type of d ryin g t o whic h t h e y wer e to b e 

subject e d. Thos e t o b e tumble d ri ed we r e s hak e n, zi pp e rs 

wer e fast e ned, and pock e t linin gs we r e p ull e d out b e for e 

th e y we re partially fold ed and p l ac ed in six-p oun d loads 

in a Whirlpool dryer. Th ey we r e dried for 20 minutes at 

ma x i mu m t e mpera t ur e with no co ol - dow n c ycl e . Th e tr o use r s 

we r e r emov e d f rom the dryer imm e d iat e ly aft e r th e 20-

minut e drying p e riod. Again th e pock e ts we r e straight e n e d 
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and th e zippers and waistbands we r e fast e n ed . Th e t rou se r s 

wer e folded al ong t h e cr e as e s an d p l ac e d on a tabl e . Th e 

l e g s e ams were st r etc h e d ; th e cuf f s we r e straight e n ed a nd 

the trousers as a whole wer e sm oo th ed by hand . Following 

thi s procedure eac h pair o f trous e rs was fast e n ed to a wir e 

hanger with two clothespins at th e cuffs . 

Th e trous e rs to be lin e dr i ed we r e pr e par e d f or 

drying in much th e same mann e r as th e tumbl e dri ed trousers 

we r e tr e at ed aft e r th ey we re dr ie d . I n st e ad of fast e ning 

the trous er cuff s to wir e hang e rs th e y wer e fast e n ed to 

d rying lin e s. 

The fabri c yardage was gi ve n no s pe cial tr e atm e n t 

before or a fter tumble drying, bu t was smoothed by hand fo r 

line drying after it was attach e d to the lin e , with t h e 

warp direction p er p e n dic ul a r to th e floor. 



APP EARANC E EVA LUA T I ONS 

Aft e r each laundering an d drying cycl e th e trous e r s 

were p lac e d on hangers and allowe d to relax b e for e th e y we r e 

eval u a t ed with ref e renc e to the smoothn e ss of th e fabri c , 

th e appea ran ce o f s e ams, a nd th e sharpn e s s o f t he c r e a ses . 

Each pai r of trousers wa s at t a c hed to a vi e wing boar d o f 

th e ove rhead lighting devic e with th e front cr e as e o f th e 

ri g h t l e g in full view of th e thr ee ob se rv e rs from th e 

c ro t ch of th e trous e rs to th e bottom o f th e cu ff . Two 

c loth es pins wer e fast e n e d to th e bottom o f th e c u f f on e a c h 

si de of the cr e as e so tha ~ th e trou se r leg woul d hang 

straight. Standards wer e plac e d on th e vie wing boar d to 

the l e ft of the viewer since th e right s i d e of t he boar d 

was needed for the left leg of the trousers. The portion 

of the trousers opposite th e standards was us e d for e valua-

tion. Both the smoothness of the trous e rs and th e sharpnes s 

of th e creases we re e valuated with the trous e rs in th e 

abov e -d e scribed position in accor d anc e with th e AATCC Test 

Me thods for . smoothn e ss (l c) an d f or c r e a ses (lb ) . 

In order to e valuat e th e s e ams th e inv e stigator 

plac e d the trousers on th e vi e win g boar d so that th e s i de 

s e am of th e right l e g wa s in full vi e o f th e ob se rv e r s . 

Th e standar d s we re plac ed in th e s am e position as desc rib ed 

a bov e and only th e portio n o f the se am opp o s it e th e 
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standards was e valu a ted following the AATCC (la) proc ed ur e 

for seam evaluations . 

EVALUATION OF WEAR OR ABRASION 

Th e experi me ntal trou sers we re eval uat ed with r e f e r-

ence to th e am o unt of wear or abrasion they e xperienc ed by 

two diffe rent proc e dures . One of th e procedures involv ed 

the number of warp a n d filling yarns and holes obs e rv ed an d 

the oth e r the degree of abrasion e vid e nced alo n g th e creas e s 

at various interva l s during the study . 

Initially a n d aft e r eac h of th e 30 laun d e ring c ycl es 

th e trousers wer e examined carefully through a magnifyin g 

glass and the numb e r of brok e n warp an d filling yarns and 

holes we r e co un ted by a laboratory technician . Hol es we r e 

defined as bei ng o n e or mor e broken warp and filling yarns 

in o n e locatio n. A f ront a n d back diagram of the trous e rs 

as s h ow n in Figure 1 and th e following key we r e us ed for 

recordi ng the data : 

~ to We ar Evaluation 

T = Tear PY = Pulled Yarn 

H = Hole AS = Abrasio n Scratch es 

BW = Bro ke n Warp AT = Ab r asio n Thinness 

BF = Br o ke n Filling FLM = Flow in Mat e rial 

s = Stitches FLC = Flow in Construct i on 

p = Pilling = Numb e r of laun de rings 
at e ach e valuation 
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~ • 

Nu mbe r of Launderings 
Typ e of 

Wear 
0 5 10 15 20 25 30 

Warp 

Filling 

Hol e s 

FIG URE 1 

DATA SHE ET USED FOR RECORDI G VISIBLE WEAR 
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Example s using the above key: 

Hole with three brok e n war p and four broken filling 

y arn s a fter 10 launderings = H 3 W + 4 F (10). 

Tear with two warp and four filling yarns ruptur ed 

aft e r 10 launderings = T 2 W ~ 4 F (10). 

Initially and after e ach fifth laund e ring cy c l e th e 

number of broken warp and filling yarns and hol es we r e 

summariz e d and record e d under th e f ollowing ar e as for e a c h 

resp e ctive pair of trousers: ban d an d loops; cuffs; p o ck e t s ; 

fly; body of trousers; and along lin e s of constructi on. 

Th e s e cond procedur e for th e e v a luation of wea r 

involved an examination of the front and back cr e as es of 

each pair of trousers after each laund e ring p e riod by a 

panel of three t e xtile majors. For th e se evaluations a 

fluorescent light was inserted in each leg and the amount 

of light transmitted through the front and back cre a s e s was 

compared with standards adapted as follows from th e photo-

g r a phic r e plicas d e ve lop e d by Mark e zi c h (16): 

Replica 
Developed lY Mark e zich 

2 

4 

6 

8 

10 

Sta nd a r d s 
U sed ~ Th i s S t ud y 

1 

2 

3 

4 

5 
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BREAKING ST RENGT H 

The dry breaking strength values of the trous er 

fabrics were determined from the yardage pr e viously desc rib ed 

in this study. Ten specimens we r e tested from each yarn 

dir ec tion initially and after 30 laundering pe rio ds; 

whereas at other intervals of t est ing (aft e r five, 10, 15, 

20, and 25 laundering periods) fi ve warp an d e ight filling 

specimens were tested. Th e specim e ns we re pre p ar ed and 

t ested in accordance with the Rav e ll ed Strip Me thod desc rib ed 

in ASTM (2c). All t e sting was done under standard conditions 

by means of a Scott Te nsile Tes ter. 

TEAR RESISTANCE 

The trouser fabrics were t e sted with referenc e to 

their resistance to tearing initially and aft e r each fiv e 

laundering periods by means of the Thwing-Albert Elm e ndorf 

Tearing Tester equipped with the textile weight and fol

lowing the ASTM procedure (2b). 

WRINKLE RECOVERY 

The wrinkle r e covery of e ach fabric was determine d 

initially and aft e r 30 laund e ring periods in accordanc e 

with ASTM (2a). Twelve warp an d filling specimens, res

pectively, were t es t ed at each int e rval. 



DIMENSIONAL STABILITY 

The per cent dimensional change experienc e d by 

e a c h tr o user fabric was determined from a 10-inch square 

mark ed parallel to the warp and filling yarns of the 

fa b r i c yardage which afford ed thr e e t e s t me asur em e nt s i n 

e a c h y a rn direction. Aft e r e ach fifth laundering p e rio d 

th e materials were pressed with a steam iron and with no 

pr e ssure other than that caused by th e actual we ight of 

th e iron. After being pressed th e y were room-con d ition ed 

for four hours and measured accor d ing to the proc e dur e 

described by ASTM (2d). 

YARN COUNT 

The yarn count of each test fabric was determin ed 

initially and after 30 laundering periods following the 

procedure described in ASTM (2e). 

FABRIC WEIGHT 

The initial weight of each trouser fabric was 

determined in accordance with the "Method Applicable to a 

S m a 11 Sam p l e , " a s dire c t e d by t h e Am e r i c an So c i e t y f 0 r 

Testing and Materials (2e). 
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The data which resulted from th e study wer e comput ed 

by means of an analysis of variance (AoV). Significant 

treatment effects were determined at the 95 per cent con

fidence level by means of Duncan's Multipl e Rang e Tes t. 



P R E S E N T A T I 0 N 0 F D A T A A N D 

D I S C U S S I 0 N 0 F F I N D I N G S 

The data which resulted from an investigation of th e 

effects of laundering, coupled with two respectiv e typ e s of 

drying (line and tumble) upon th e app e arance, stability, an d 

durability of 100 pairs of men's durable pr e ss trousers 

repr esen tative of five fiber-fabric-finish categori es ar e 

tabulat ed in Tables I through XIII in the App e ndix of this 

manuscript. Tables I - III present data concerning the 

appearance of the fabric, of the creases, and o f the seams; 

Tables IV - IX provide findings which resulted from th e 

durability tests; and the remainder of the data as r e cor derl 

in Tables X - XIII are typical of the wrinkle r eco ve ry, 

dimensional stability, and the yarn count of the experi 

mental trouser fabrics. 

Part A of eac h tabl e gives th e fi nd ings which 

resulted from the tumble drying process, whereas, Par t B 

is indicative of the effects of the line drying pro cedu r e . 

Variabl es such as th e fabric category, d rying 

proc~dure, and number of laun deri ngs were statistically 

analyzed by me ans of th e Analysis of Variance ( AoV) f ollo wed 

3 0 
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by Dunca n's Multiple Rang e Tes t on t h e c umulativ e d ata f ro m 

one thr ough 10; 11 through 30 ; and one through 30 laun d e r-

ing per iods, respectively. Significant differences are 

r epor ted on the 95 per cent confid e nc e l e ve l. 

In th e d iscuss i on which follows, a syst em of ranking 

was dev is e d as a means of su mmari zin g th e fi n d in gs for th e 

r espe ctive t e sts to which th e trous e rs were subj ec t e d . I n 

all eva luations except thos e for visib l e we ar, which 

in cl ud ed the actual numb e r of brok e n yarn s and hol es , th e 

rank order arrang e ments of th e trouser typ es we r e ba s e d 

upon th e numb e r of times e ach de monstrat ed sup e rior per

formance when statistical comparisons of th e d ata we r e 

made. These statistical comparison s we r e ma de di r ec tly 

from the mean values of the five resp e ctiv e types of 

trousers with regard to the consistency refl e ct ed by the 

standard deviations. 

FINDINGS CO~CERNING FABRIC SMOOTHNESS 

An analysis of th e findings r e cor ded in Tabl e I 

revealed the fact that there were significant differences 

between the five categories of trousers with regar d to 

their smoothness performance during laund e ring, irr es p ec 

tive of the number of laun deri ng s a n d th e typ e of d rying to 

which they were subject ed . 
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As is noticeable from the graphical description o f 

these d ata given in Figure 2, the initial smoothness of th e 

f ive types of durable press trousers had deteriorat e d to 

th eir l o wes~ value in the majority of cases by the e nd of 

th e fif th laundering cycle, r e gardless of th e typ e of d rying 

employed . From that point on th e r e was a t e nde n c y f or th e 

trouser s from all five categori e s to be com e smooth e r as th e 

n umbe r of launderings incr e as e d from fiv e to 30. 

TUMBL E DRYING 

An intercomparison of th e trous e r typ e s with r e f e r

e n ce to th e ir r e sponse to tumbl e d rying r e ve al ed th e f in d ing 

that, after 10 laundering perio d s, th e all-cotton Koratron

treated trousers (Type C) with a me an rating o f 4 .9 d is p lay ed 

a smoother appearance than did th e remaind e r of th e trous e r 

types, and the all-cotton trous e rs of Category B e xhibit ed 

the most undesirable appearanc e as r e pr e s e nt ed by a s c or e 

of 3.5. The 65 / 35 cotton-polyest e r trous e rs (Typ e D) pe r

form e d in a comparabl e mann e r to tho se of th e 50 / 50 bl e nd 

(Type E); and the smoothness of both blen ds was sup e rior t o 

that displayed by th e all-cotton trous e rs r e pr es entativ e o f 

Types A and B. 

From ll through 30 perio d s of laundering follow ed 

by tumble drying, th e 65 / 35 cotton-polyest e r and th e all

cotton Koratron-tr e at ed trou se rs g a ve th e mo s t s ati s fa c tory 



pe rfor mance in that th e smoothn e ss value of 4 .9 ac c r e dited 

to the m surpassed that assigned to each of the remaining 

types of trousers. Again Trousers B were found to be more 

pron e to wrinkling than any of the other trouser typ es , as 

dem ons trated by a low rating of 3.8. 
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A treatment of the cumulativ e smoothness .data from 

on e th rough 30 laundering periods follow e d by tumbl e d ryin g 

r ev e aled the following rank ord e r arrangem e nt of th e trous e r 

types based on the numb e r of tim e s e ach demonstrated sup e rior 

smoothness values when statistical comparisons wer e ma de . 

Th ese comparisons were made as described pr e viously, bas ed 

on the mean smoothness values of th e five r e sp e ctiv e ty p e s 

of trousers, with regard to th e consi s t e ncy r e fl ec t ed by th e 

standard deviation. 

LINE DRYING 

Rank 

1 

2 

2 

4 

5 

~ ~ Trousers 

All-Cotton (C) 

65 / 35 Cotton-Polyester (D) 

50/50 Cotton-Polyest e r (E) 

All-Cotton (A) 

All-Cotton (B) 

The relationship of th e five types of experimental 

trousers was not altered to a gr e at e xtent as the type of 

drying changed or as the number of laund e rings progressed. 
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Tro users in Category C continued to excel with ref e r e nce t o 

fab ric smooth ness after line drying as had been th e case 

wh en the y were tumble dried. Th e appearance of the all

co tton trousers of Category A, as measured by a value of 

4. 2, comp ared favorably with that of 4 .4 assigned to 

Cat egory C. The 65/35 and the 50 / 50 cotton-polyes t er bl e nds 

(Trou ser s D and E), with their scores of 3.5 and 3 .7, 

res pect ively, claimed a less spectacular position with 

ref e rence to their performance. 

The comparativ e ability of the trouser fabrics to 

r etain their smoothness during 30 laundering perio d s follow er! 

by line drying is exemplified in th e following rank o r der 

presentation: 

Rank 

1 

2 

3 

4 

5 

TUMBLE DRYING VERSUS 

LINE DRYING 

~ £1 Trousers 

All-Cotton (C) 

All-Cotton (A) 

50 / 50 Cotton-Polye ster (E) 

65/35 Cotton-Polyest er ( D ) 

All-Cotton (B) 

In all instances ex cept two, tumble dryi ng contrib

uted toward a greater degree of fabric smoothness than d i d 

line drying. These exceptions were manifested whe n th e d ata 



fr om the first 10 laundering periods we re analyzed. This 

re vealed the finding that the type of drying made no sig

nif icant difference with respect to the smoothness of the 

all -cot ton trousers of Categories A and B. 
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APPEARANCE OF CREASES 

The data tabulated in Table II are indicativ e of 

th e appe arance of the trouser creases as evaluated by a 

pan el of thre e textile t e chnologi sts initially an d after 

each per iod of laund e ring. Ea c h mea n va lu e giv e n i n the 

t able is representative of 150 independent e valuation s 

perfo rmed in accordance with the procedure recomm e nded by 

AATCC (lb). 

A consideration of these data from th e stan d point 

of the relativ e performance of the five categories of 

trousers revealed a similar crease performance patt e rn for 

all types of trousers. As evidenced by th e diagrammatical 

presentation of data shown in Figur e 3 the cr e as es we r e 

less defined after five laundering periods than th e y ha d 

been at the onset of the study. As a rule, they chang e d 

little from five through 20 periods of laundering. In 

many instances they became progressively poorer during th e 

last 10 laundering periods, irrespective of th e trouser 

types or the drying proc ed ur e which was used. Throughout 

th e study, the all-cotton trous e rs of Category C obviously 

d isplayed the highest lev e l of creas e performance, whil e 

Trousers D, the 65/35 intimate bl e nd of cotton-polyester, 

3 7 

performed the poorest. An analysis of the d a ta by means of 

the Duncan's Multiple Rang e Te st consistently confirme d 

th e se findings both for the tu mble - d ried an d for th e 
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l in e -d ried trousers in Category C. In approximat e ly 66 pe r 

c ent of the cases which involved a comparison o f Trous e rs B 

an d D, however, the performance of the creases in the all-

cot to n trousers of Category B was not significantly bett e r 

tha n that which was evidenced for the 65 / 35 blend. 

TUM BLE DRYING 

A treatment of th e composit e crease data which 

r es ulted from one through 10 laund e rings follow ed by tumbl e 

drying revealed, as mentioned above, that the cr e as es of 

Trousers C represented by a valu e of 4 .6 surpass ed thos e in 

the remaining four types of trousers to a highly significant 

degree. At this point in the study Trousers A and Trous e rs E 

with crease values amounting to 3.6 and 3.7, resp e ctiv e ly, 

shared second place by responding to tumble drying in a 

more acceptable manner than that displayed by trous e rs o f 

Category B (3.3) and Category D (3. 2 ). 

From 11 through 30 periods of laundering an d tumbl e 

drying, the Koratron-treated trous e rs (Type C) r e taine d 

the favored position which they had gaine d during th e fir s t 

10 laundering periods with resp e ct to their cr e ases whil e 
' 

the 65/35 cotton-polyester trous e rs continued to perform 

with the lowest level of crease r e t e ntion as de signated by 

a value of 2.9. The creases of th e trous e rs of Typ e E 

(50 / 50 cotton-polyester) display ed a creas e value of 3.3 at 
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th is point, which proved to be significantly bett e r than th e 

va lue s accredited to Trousers A (3.1); B (3 .0) ; and D (2 . 9). 

The overall data from one through 30 periods of 

lau nd ering and tumble drying attested to the findings which 

r es u l t e d from ll - 30 laund e rin g pe riods with r e f e r e nc e to 

th e c reases of Trousers C and E . The pe rformance of th e 

all - cotton trousers of Type A, th e creas e value of which 

amounted to 3.3, proved to b e significantly sharp e r than 

that given to the trousers in Cat e gory A (3.1). Ther e was 

no significant difference betw ee n the pe rformanc e of 

Trousers B an d D. These obs e rvations ar e notic e able in th e 

following rank-order arrangement of the fiv e trous e r typ es 

which were subjected to tumble d rying: 

Rank ~ Qf Trousers 

l All-Cotton (C) 

2 50 / 50 Cotton-Polyest e r (E) 

3 All-Cotton (A) 

4 All-Cot to~ (B) 

4 65/ 35 Cotton-Polye st e r ( D ) 

LINE DRYING 

With th e lin e drying proc ed ur e th e all-cotton 

trousers of Category C co1tinu ed to display exceptionally 

sharp creases when the trous e r t ype s we re int e rcompar ed in 

this r e gard aft e r 10 and 30 laun de ring per i od s. 
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Additional findings aft e r 10 laun derin gs r e ve al ed 

th e fac t that the crease performanc e of Trousers A, B, an d 

E wa s equiva lent and Trousers D followed the usual trend of 

poor performance. From 11 - 30 periods of laundering fol-

lowed by tumble drying the 50 /50 cotton-polyester trouser 

cr e ase s pe rformed more perf e ctly than did thos e of th e all-

cotton trousers in Categori es A and B. This sam e pattern of 

performance prevailed when data for th e entire study we r e 

compared with respect to the app e aranc e of the creases . 

The following ranks are indi cative of the p e rformanc e of th e 

fi ve resp e ctive types of trous e rs: 

Rank ~ £.[ Trous e rs 

1 All-Cotton (C) 

2 50 /50 Cotton-Polyester (E) 

3 All-Cotton (A) 

3 All-Cotton (B) 

5 65 / 35 Cotton-Polyester (D) 

TUMBLE DRYING VERSUS ·-----
LINE DRYING 

The fact that lin e drying contributed towar d a 

better crease performance for th e all- c otton tro~sers of 

Categories A and B than did tu mb l e dr ying was evi de nt at 

e ach interval of analysis (aft e r 10 a n d 20 launderings a n d 
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wh e n th e cumulativ e data for th e e ntir e stu d y we r e con

si de r ed). In all oth e r instances, exc e pt aft e r 20 laun de r

i ng periods when Trousers E displaye d a better appearanc e 

af t e r b e ing line dried, the drying method fail e d to aff e ct 

t h e appearance of the creases. 
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APPEARANCE OF SEAMS 

The seam smoothness of the five types of exper i

mental trousers was examined after e ach period of laun deri ng 

as des cribed in another section of this manuscript. Th e 

data from such evaluations ar e recor ded in Tabl e III an d 

ar e supported by th e graphical desc ription given in 

Figure 4. 

From th e se data it is quite apparent that the seams 

of the five categories of trous e rs we r e not as smooth aft e r 

fiv e laundering periods as they had be e n initially. From 

that period throughout the remain der of the study s e ve ral 

patterns of performance were demonstrated by th e experi-

mental trousers. The seams of the all-cotton trousers of 

Categories A and B became progressively more puckered with 

additional laundering periods. Trousers C and E change d 

little, and the seam smoothness of the 65 / 35 cotton

polyester trousers improved in appearance from 10 - 30 

laundering periods irrespectiv e of th e drying procedur e 

which was used. 

TUMBLE DRYING 

A statistical analysis of the recorded d ata which 

r es ulted from tumble d ryin g rev ealed the fi n d ings that th e 

trousers from Categori e s C an d D, with a me an rating of 4 . 5 



after 10 laundering pe rio d s, exhibited a bett e r seam 

appea rance than did th e remain ing categories of e xp e ri

men tal trousers. The poorest seam pe rformance duri n g th e 

earl y part of the study was demonstrated by Trous ers A and 

B, wit h seam values of 4.0 and 4 .1, res~ectiv e ly. 

For the next 20 laan de ring periods (ll - 30) , th e 

65/ 35 cotton-polye st e r trous e rs which we r e categoriz e d as 

0 Trouse rs were found to give th e b est seam performan ce , as 

indi cat ed by a rating of 4 .7, wh e n compar ed to th e o th e r 

categories of trousers. Again the all-cotton A Trousers 

e xhibited the lowest rating of 3.5. This und es irabl e pe r

forma nc e of seam appearanc e also was fo un d in th e all-

cot ton B Trous er s, with th e rat i ng of 3 .7. A moderate 

deg ree of seam smoothness was demonstrat ed by the all

cotton Koratron-tr e at ed C Trous ers and t h e 50 / 50 bl e nd o f 

co tton -p olye st e r (Trous ers E). 

When th e cumulative seam dat a for th e e ntir e stud y 

we r e c ompar ed with r egar d to th e five typ e s of trous e r s 

af t e r tumble dr ying, th e fi ndi ngs r eve al ed th e fac t that 

th e r e lationship betw ee n th e trou s e r typ e s with r e gard to 

seam smoothness was identical to that whi c h was e vid e n t 

from ll - 30 laundering periods, and was only slightly d if

ferent fro~ th e tr e nd which was es tablish ed d uring th e 

first 10 perio ds of lau nder in g follow ed by tu~bl e d r ying . 

Th e f ollowing ord e r of perf ormanc e p r evailed for th e 



var ious trouser types : 

Rank ~ Qf Trousers 

l 65/35 Cotton-Polyester (D) 

2 All-Cotton (C) 

2 50 /5 0 Cotton-Polyest e r (E ) 

4 All-Cotton (B) 

5 All-Co tto n ( A) 

LINE DRYING 

As early in the study as from one through 10 

laundering periods followed by line drying, th e satis

factory seam p e rformance of the all-cotton Kora tro n

tr e ated C Trousers; the 65/35 cotton-polyester D Trous ers; 

and the 50/50 cotton-polyester E Trous e rs was shown. 

Valu e s of 4.8, 4 .7, and 4 .7, r especti ve ly, we r e indicativ e 

of this typ e of performanc e . 

From ll - 30 laundering periods the 65/35 bl e nd of 

cot ton-polyest e r trous ers (Type D) surpassed th e 50 / 50 

blend and the all-cotton Koratron-treated trous e rs with 

reference to s e am smoothness. This position was r et ain ed 

by the resp ecti ve trous e r types wh e n data for th e e ntire 

study were analyzed. 

A less spectacular performance was noti ce abl e with 

respe ct to th e all- cotton trousers of Categories A and B. 

45 



At e very period of comparison, th e s e ams of thes e trous e r s 

displa yed the least desirabl e a~p e arance . Th e following 

rank order exemplifies the overall pe rformance of th e 

trou ser seams as a result of lin e drying: 

Rank 

1 

2 

2 

4 

4 

TUMBLE ..QB_YING. VERSUS 

LINE DRYING 

~ Qf Trous e rs 

65/35 Cotton-Polyester ( l) ) 

All-Cotton (c) 

50 / 50 Cotton-Polye st e r (E) 

All-Cotton (B) 

All-Cotton (A) 

The results of this study failed to show that th e 

type of drying to which the trousers wer e subj e ct e d was 

related in any way to the smoothness of the seams in the 

all-cotton trousers of Categori es A and B. 
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From 11 - 30 launderings th e sam e findings h e ld 

true for Trousers C and D, although this was not th e case 

with Trousers C, D, and E from one - 10 or from one - 30 

laundering periods, or for Trousers E from 11 - 30 laund e r -

ing periods. In all of th ese instanc es lin e d rying con-

tributed toward a gr ea t e r degr ee of s ea m smoothness. 
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ABRASION RESISTANCE 

The abrasion resistanc e of th e f iv e different fabric 

ca tegories repr e sented in th is st udy was determin e d in 

ac c orda nc e with the two proc edJres described elsewhere in 

this manuscript. On e procedur e i nv olv e d th e nu mber of bro-

ken yarns (warp and filling) an d th e numb e r of hol e s . Th e 

other e valuation of th e abrasi on performanc e wa s me as ur ed by 

mea ns of th e amount of li g ht which was transmitt ed through 

th e creases of th e trou se r l e gs wh e n a fluoresc e nt light 

asse mbly was insert ed in side th e l e g s . Cumul at iv e d ata 

obtai ned from th e se pro ce d ur e s a r e r ec ord ed in Tabl e s IV 

and V. 

The Abrasion Performa nc e as Indicated QL 

Means Qf th e Numb e r of Brok e n 

Yarns an d Holes -----

Tabl e IV presents th e cum ulativ e numb e r of brok e n 

warp and filling yarns, and th e numb e r of hol e s d isplayed 

by each trous e r category, initially and aft e r e ach f if th 

laundering pe r iod. 

Th e following disc u s si on is bas e d on th ese d ata 

without th e b e n e fit of a stati s tic al analys is sin ce th e 

natur e of th e data d id no t l e n d its e lf to st ati stical t e s t s . 

I n a determina t ion of th e r el a tio n s hi p of th e fiv e t yp e s o f 



trousers with reference to their res is tanc e to abra&i on 

dur i ng laundering the number of warp and filling ya r ns 

wh ich we re broken during the first 10 launderings; thos e 

wh ich we re broken during laund e ri~gs ll - 30; and thos e 

which oc curred during th e entire study wer e consider ed . 

Br o~en yarns which were e vi de nt in th e ga r me nts befor e 

lau nderi ng or those which appe3r ed along the lin es of 

con st ruction during laundering were not r egarded in th ese 

analys e s. 

A study of thes e data r e veals the fact that th e 

majority of the wear evidenced by th e non-worn trous e rs 

appeared in the form of brok e n warp yarns which were pro-

portionate with the number of laund e ring cycl es . This 
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finding was to have been expected with ref e rence to th e 

twill fabrics (3 / l and 3/2) from which the trous e rs in this 

study were constructed. In such fabrics the warp yarns 

float over the surface 0f th e fa~ric for a distance of th e 

width of three filling yarns; therefore, the wear of warp 

yarns should b e greater than that of th e filling yarns. 

A confirmation of this expectation is shown in Tabl e IV 

for both the tumble and line-dri ed trousers. 

TUMBLE DRYING 

After the first 10 laund e rin g and tumble- d rying 

periods, the 50/50 cotton-polyest e r Trouse r E was found 
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to be supe rior wh e n the 10 brok e n y arns s ee n on th ese 

tro use rs were compar ed to thos e whi ch were e vi de nt in th e 

remaini ng four trouser categori e s. The all-cotton Koratron 

treated C Trousers with 18 brok e n yarns rank ed second with 

r espe ct to abrasion resistance d urin g 10 laund e ring and 

tumble d rying periods. Little diff e rence was notic eable 

between · th e p e rformance of th e all-cotton B Trous e rs which 

experie nced 25 broken yarns an d the 6 5 /3 5 cotton-polyest er 

blend (0 Trous e rs) with 24 brok e n y arns to t h e ir cr ed it. 

Trousers in Category A display e d t h e poo r e st r esistance to 

a bras ion as shown by a total o f 57 brok e n yarn s at this 

point of the study. As r eco r ded in Ta ble IV, only t hr ee 

holes appeared in the experimental trousers d ur ing t he first 

10 laundering periods two of which we r e accr edited to 

Trousers A and the other to Trousers C. 

As the number of laund e ring periods progressed from 

ll - 30, differences between the abrasion r es istanc e o f the 

five respective types of trous e r s incr e as ed . Th e E Trous e rs 

continued their satisfactory r esista nce to abrasion by 

displaying only 4 1 broken yarns, an d the 65 / 35 cotton

polyester 0 Trousers with 310 bro ke n yarns surpassed the 

three types of all-cotton trous e rs (Categories A, B, an d C). 

The least resistance to abrasion d uring the last 20 laun de r

ing and tumble-drying perio d s was d isplay ed by th e all-

cotton C Trousers, as shown by th e 862 broken yarns. 

36 hol e s occurred in t hese trousers during that time . 

Also, 
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The overall results for th e e ntir e stu d y ( l - 30 

launder ings followed by tumbl e d rying ) r e ve aled the f ol low -

ing p a t tern of abrasion resistanc e for the fiv e r e sp e ctiv e 

types of trousers: 

l - 30 La un de ring s 

~ of Trou se rs Numb e r of .Hol e s Rank 
Br oke n Yar n s 

(~ a nd F i lling ) 

50/50 Cotton-Polyest e r (E) 47 0 l 

6 5/35 Cotton-Polyester (D) 332 5 2 

All - Cotton (A) 408 15 3 

All-Cotton (B) 524 29 4 

All-Cotton (c) 77 9 37 5 

LINE DRYING 

When line drying was appli ed , the E Trous e rs agai n 

exhibited the most satisfactory p e rformanc e r e la t iv e to th e ir 

abrasion resistance, as in d icat ed by the six brok e n yarn s 

accredited to these trousers aft e r th e first 10 laun de rin gs . 

The 65 / 35 cotton-polyester trous e rs (Trous e rs D) rank ed in 

second place with their total wear e quival e nt to 14 brok e n 

yarns, whereas the all-cotton A Trous e rs e xhibit ed the 

lowest resistance, which was r e pr e sente d by 89 brok e n yarns. 

Trousers C and B respon de d t o l aun de ring in much th e same 

way as in d icat ed by 23 bro ke n yarn s f or the for me r and 27 

for the latter. 
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From ll - 30 laundering p e riods followed by line 

d r ying , the E and D Trousers continu ed their first and 

second place performance in comparison with that of th e 

o ther categories (A, B, and C). Th e all-cotton A Trouser s 

surpa ss e d Trousers B and C with respect to abrasion r e sist-

anc e and the lowest resistanc e was disp layed by Trous e rs C 

with 496 broken yarns. 

In the overall obs ervations (after l - 30 laun de r-

ings followed by line drying) th e following rank orde r whi c h 

was e stablished during the last 20 laundering p e rio ds pre-

vail e d with respect to the r e sistanc e of th e five types of 

trousers: 

l - 30 Launderings 

~ of Trousers Number of 
Broken Yarns 

(~ and Filling) 

Hol e s Ra nk 

50/50 Cotton-Polye ster (E) 29 0 1 

65/35 Cotton-Polye ster (D) 16 4 2 2 

Al l-Cotton (A) 28 5 10 3 

All-Cotton (B) 329 1 2 <I 

All-Cotton (C) 5 19 18 5 



TUMBLE DRYING VERSUS . 

LIN E DR YING 
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The data showed that although the tumble drying 

proce ss generally was more damaging to th e experimental 

trouse r types than was line drying th e r e lativ e p e rfo r man c e 

o f the five types of trousers was comparabl e f or both d ry i n g 

p r o ce dures. This finding is obvious f rom a stu d y o f 

Fi gure 5 . 
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Table V shown in the Appendix includes the cumula

t i ve dat a r e pr e s e ntativ e o f the creas e abrasion of th e fi ve 

t r ouser fabrics. Each value r e presents a mea n . of th e f ront 

an d back crease values of th e r e spectiv e trous e r cat e go r ies, 

measu r ed after e ach fifth laundering period in accor da nc e 

with the procedure described e arlier in this manus c ript 

involving the insertion of a fluorescent light insi de the 

trouser legs. Th e following disc ussion tak e s into co ns i d -

era tion th e r e lative cr e as e abrasion of th e five · trous e r 

ca t e gories as determined by means of AoV and Duncan' s 

Multiple Range tests, after five - 10; 15 - 30; and fiv e -

30 laund e ring periods follow ed by th e two different d ryin g 

applications (tumble and lin e ), respectiv e ly. 

TUMBLE DRYING 

Th e first 10 laundering perio d s followed by tumb l e 

dr ying had no visible effect upon th e creases in the legs 

of Trousers A, B, and C, in that the amount of ligh t which 

was transmitt ed through th e creases after 10 launder i ngs was 

no greater than that which was transmitted initially. The 

highest value (5.0) afford e d by the rating system was as-

s igned thes e trous e r typ es . Th e two typ e s o f trous e rs whi c h 
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were composed of a blend of cotton-polyester (Trousers D and 

E) exhibited lower values of 4.7 and 4 .2, resp e ctively, after 

10 launderi ng periods. 

The above-described tendencies continued throughout 

th e remainder of the study as r e ve aled by a crease abrasion 

rank order arrangement as follows: 

Rank ~ Qf Trousers 

l All-Cotton (A) 

l All-Cotton (B) 

l All-Cotton (c) 

4 65/ 35 Cotton-Polyest e r (D) 

5 50/50 Cotton-Polyest e r ( E) 

LINE DRYING 

The crease abrasion ratings of th e fiv e categories 

of trousers after each fifth laundering period followe d by 

the line drying application were comparatively analyz ed for 

launderings five - 10; 15 - 30; and five - 30, respectiv e ly. 

Data from an analysis of the crease abrasion during five -

10 launderings revealed the fact that four of the five 

trouser categories (Trousers A, B, c, and D) were virtually 

unharmed during this period. An exception to this finding 

was evident in Trousers E (50 / 50 cotton-polyester bl e nd) as 

indicated by the rating of 4 . 4 which was assessed these 

trousers. 



Throughout the remain de r of th e st udy the thr ee 

types of all-cotton trous e rs (Categories A, B, and C) 

r e tai ned their original rating of 5 .0. The 65 / 35 cotton-
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polye ster D Trousers began to show cr e ase wear as in d icate d 

by a rating of 4.3, and the rating assign e d the 50/50 

c o tt on-polyester E Trous e rs f e ll to a me an of 3 . 9 . 

Th e results of th e ov e r all comparison of th e fi v e 

type s of garments with refer e nc e to th ei r creas e s d u ri ng 

the 30 laundering periods follow ed by l i n e drying show d 

the following rank order for th e respective trou se r typ e s : 

Rank ~ .21. Trous e rs 

1 All-Cotton (A) 

1 All-Cotton (B ) 

1 All-Cotton (c) 

4 65/35 Cot ton-Polyes t e r (D) 

5 50/50 Cot t on-Polyester ( E) 

TUMBLE DRYING VERSUS 

LINE DRYING 

The two different typ es of drying which were ap p li ed 

to the five trouser cat e gori e s (tumble an d line) were ana-

lyzed comparatively with r e ference to launderings fiv e - 10 ; 

15 - 30; and five - 30, r e sp e ctiv e ly, From thes e observa-

tions, the three all-cotton trous ers ( Cat e gories A B an d 
' ' 
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C) pe rformed in a comparable manner with both types of 

dry ing, with referenc e to their resistance to creas e abra-

sion. The two different blends of cotton-polyester, which 

were categorized as Trousers D and Trousers E, exhibited a 

bette r resistance to abrasion when they were subjected to 

line drying than when they we r e tumbl e - d ried. 

BREAKING STRENGTH PERFORMANCE 

The breaking strength performance of th fiv e cate-

gories of trousers was determin ed initially and aft er e ach 

five laundering periods from experimental yar d ag e r e pre-

sentative of the trouser types and laun de red un der th e same 

conditions as the trousers. Tabl e s VI and VII contain th e 

data which were derived from these determinations. 

As shown graphically in Figur e s 6 and 7, e ach fabric 

category displayed its own characteristics in off e ring 

resistance to the stress plac ed upon it in th e application 

of the strength tests. As a gen e ral rule the 30 laundering 

periods had little effect upon the strength of the fabrics. 

General conclusions which might be d ra wn from th e se diagrams 

concerning the warp d irection of the fabrics point to the 

superior strength of the 50/50 cotton-polyester trousers 

(Trousers E), to the poor performanc e of the 65 / 35 cotton-

polyester (Trousers D), and to th e int e r mediate st r e ngth of 

the three types of all-cotton trousers (A, B, an d C), 

i rresp ective of the d rying p ro cedure . 



Fillingwise, Trous e rs A and B di splay ed th e most 

outsta nding performance, and no definite decision ca n be 
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made concerning the status of the resistance of the r emai nder 

of the trouser types without statistical assistance. The 

follow ing discussion takes into consi de ration the r e lation 

ship of t he five trou se r f abri c s with respec t to br eaki ng 

strength as determined by th e AoV a nd Duncan's · Multipl e 

Range Test. 

TUMBL E DRYING 

A comparative analysis of th e warp direction o f th e 

five types of trous e rs with ref e r e nc e to th ei r r esista n ce 

to breaking, initially and during th e first 10 laun deri ng 

and tumble drying periods, rev e aled th e finding that the 

50/50 cotton-polyester fabric (Trous e rs E), with a warp 

br e aking strength of 112.2 pounds, was foun d to be sup e rior 

to the remainder of the trouser fabri cs . The all-cotton 

fabric from Trousers B performed bett e r in this resp e ct 

than did the oth e r two all-cotton cat e gories (A an d C) , 

whereas the least desirable warp breaking st r e ng t h was 

exhibited by th e 65/3 5 cotton-polyest e r 0 Trous e rs (71.6 

pounds). 

During the last 20 laun de ring pe rio ds, Fabric E 

( 50/50 cotton-polyest e r) c ontinu ed its satisfactory breaking 

strength charact e ristics; Trous e r Fabric B surpassed the 



other all-cotton trouser fabrics (Cat egori es A, C, and D). 

Ag ai n the 65/35 cotton-polyester D Trous e rs di splay ed t h e 

low es t breaking strength values in th e warp direction . 

From the above-describ ed data there is e videnc e 
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th at th e warp breaking str e ngth of the experimental trous e rs 

was not altered to a significant degr e e during th e last 20 

periods of laundering follow ed by tumble drying e xc ep t in 

one instance. The 71.6 pounds of warp breaking strength 

which was accredited to the 65 / 35 cotton-polyest e r Fabri c D 

after a series of 10 periods of laundering was r ed uc ed to 

a mean value of 69.6 throughout the r emainder of th e study. 

An ov erall analysi s of the warp breaking strength 

data from the tumble dried fabrics revealed th e following 

rank-order arrangement of the five typ e s of trousers: 

Rank ~ 21 Fabric 

1 50/50 Cotton-Polyester ( E ) 

2 All-Cotton (B) 

3 All-Cotton (A) 

3 All-Cotton (C) 

5 65/35 Cotton-Polyester (D) 

Generally, the fillingwise br e aking strength valu e s 

were found to be affect e d by th e progressive laun de rings, 

followed by tumble drying, e xc ep t for th e all-cotton 

Trousers C, and th e 50/50 cotton- po ly e ster Trou s e rs E 
' 



61 

wh ich were virtually unharm ed by th e 30 pe rio ds of laun de r 

ing. The all-cotton fabrics of Trousers A an d B an d o f th e 

65/35 cot ton-polyester (Trousers D) became signifi ca ntly 

weak er during launderings 11 - 30. The Trouser B fabri c 

exhibited the highest filling breaking strength at all 

peri ods of analysis, when a compari s on was mad e with the se 

t ro use~s and those of th e r e maini ng cat e gories~ , Th e r e wa s 

conclusi ve evid e nc e that, after th e first 10 laun de r ing 

periods followed by tumbl e drying, th e 52 .2 pounds of 

br e aking strength accr ed it ed to th e filling di r e ction of 

the 6 5/35 cotton-polyester fabric of Trous e r s D plac ed t h is 

fabric in second place with r ef e r e nc e to its str e ngth per

formance. From 11 - 30 laun de ring pe riod s Trous e rs D 

allowed this second place position to go to th e 50 / 50 

cotton-polyester blend (Trous e rs E). When d ata from th e 

entire study were analyzed, how e ve r, the performanc e of 

th e se two trouser fabrics was comparable. Fabric s A an d C 

displayed th e poor e st str e ngth valu e s throughout t h e stu d y. 

The fiv e trous e r fabrics whi c h wer e subj e c t ed to 

tumble drying were foun d to b e t h e following with resp ec t 

to their str e ngth pe rform a n ce in t h e f illing d ir e ction wh e n 

the data for the entire stu d y we r e considere d : 

Rank 

l 

2 

~ Qf Fabric 

All-Cot ton (B) 

65 /35 Co tto n-Polyester (D) 
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2 50/50 Cotton-P o lyes t e r (E ) 

4 All-Cotton (A) 

4 All-Cotton (C) 

LINE DRYING --- -----

The breaking str e ngth valu es for th e fiv e types of 
t ••-."~-1 

l i ne dried trousers we re compar e d with r e sp ec t to th e 

ef fects which a seri e s of 30 laundering perio ds ha d upon 

th em, in the same manner a s was carri ed out with th e tum bl e 

d ried data. The results of th e s e analyses show ed that th e 

warp breaking strength valu es for Fabrics A, B, C, an d E 

we re not altered to a significant deg r ee by th e last 20 

laundering periods. A differ e nt r e action to laun de ring 

was noticeable for Fabric D. The me an warp str e ngth repr e -

sentative of this fabric (73.3 pounds) after th e first 10 

laundering periods was reduc e d significantly to 69.3 poun d s 

during laundering periods ll - 30. 

Th e 50/50 cotton-polyest e r E Fabric was found to 

be sup e rior with r espe ct t o warp br e aking strength valu e s, 

with a mean of 109.7 pounds aft e r th e first 10 laun de rings 

to 111.9 pounds during th e last 20 laun de rings, when com-

pared to th e remaining trous e rs categori e s. Th e all-

cotton Fabric B rank ed s ec on d in this r e spect, with mean 

values of 87. 4 an d 87.5 po un d s at th e r espe ctiv e eval uation 

periods. Th e D F ab ri c d isplayed th e lowest wa rp breaking 
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stre ngth values among the line-dried fabrics as can be not e d 

from the following system of ranking: 

Rank I~ .21. Fabric 

l 50/50 Cotton-Polyester (E) 

2 All-Cotton (B) 

3 All-Cotton (A) 

3 All-Cotton (C) 

5 65 /35 Cotton-Polyester ( 0) 

Less stability in the filling breaking strength 

resistance was notic eab le throughout th e 30 laundering 

periods than pr e viously has be e n discussed for the warp 

direc tion. Trouser Fabrics A, B, and 0 d ispl a yed lo we r 

breaking strength values during the last 20 laun de rings 

than were found during the first 10 laundering perio ds. 

At all intervals when data we re analyzed statis

tically, the all-cotton B Fabric exhibited the highest 

breaking strength value. The per formance pattern for th e 

r e mainder of the trous e r fabrics vari ed in r elatio n to th e 

specific evaluation period. During th e first 10 laun deri ng 

periods Fabrics A, D, and E ranke d s ec on d and Fabric C 

displa yed the poorest resistan ce to br e aking, fillingwis e . 

An analysis of the data from ll - 30 laun de ring perio ds 

revealed the finding that Fabri c E (50 / 50 cotton-polyest e r) 

ranked second in performances whereas, Fabrics A, c, an d E 

we r e rat ed a s o ffe rin g th e poor e st r e sista nc e to breaking. 



Overall, when data for th e e n t ir e stu d y we r e 

anal y z ed , the following fin d ing s we r e e vi de nt wi t h r e f e r 

ence to the comparative br e aking s tr e ngth p e rforman ce of 

the f abrics in the filling direction: 

Rank 

1 

~- •• t 

2 

2 

4 

5 

TUMdLE DRYING VERSUS 

LINE DRYL~G 

~ .Q_[ Fa b ric 

All-Cot ton (B) 

6 5/ 35 Cotton-Polyesi~-~ ( D ) 

50 /50 Cot t on-Polye st e r ( E) 

All-C o tton (A) 

All-Cotton (C) 

The two types of drying which we r e appli ed to th e 

five different fiber-fabric cat e gori e s f ail e d to mak e a ny 

difference in breaking strength valu e s at each p e ri o d of 

analysis, except in the case of the 50 /5 0 cotton-polyes t e r 

6 4 

E Fabric. This fabric showe d a high e r me an str e ngth va lu e 

with th e appli c ation o f tumbl e dry in g than wi th lin e d ry i n g . 



TUMBLE-DRYING 
120 -

..c 
() 

s:: 
...... 

----(fJ 

"0 
s:: 
::s 
0 
0. 

(fJ 

a.> 
::s 

....... 
C'O 

> 

110 

100 

90 

80 

70 

..c LINE-DRYING 
....., 120 
0> 
s:: 
a.> 

""' ....., 
r.J'l 

0 5 

Ke y: -----e.-- A 

--o- B 

-l::t- c 
--A-D 
-Q- E 

10 15 20 25 

Number of Launderings 

FIGURE 6 

WARP BREAKING STRENGTH QE TROUSER FABRICS AT 

INTERVALS OF LAUNDE RI NG 

30 



70 TUMBLE-DRYING 

65 

60 

..<:: 55 
0 

...... 
'--.. 

! •'"''' ! 

en 50 -
"0 
s::: 
:::::1 
0 

0. 4 5 

en 
(j) 

:::::1 
...... 
C1:l 

> 
LINE-DRYING 

0 5 

Ke y: 

10 15 20 

Numb e r o f Launderings 

FIGURE 7 

• A 

--o-- B 

--b- c .. D 

-o- E 

25 

FILLING BREAKING STRENGTH OF TROUSER FABRICS AT 

INTERVALS OF LAUNDERING 

66 

30 



TEAR£NG STRENGTH PERF OR MAN CE 

The tearing strength of th e fiv e cat e gori es of 

tr ou s e r fabrics was d e t e rmin e d warpwis e and fillingwis e 

a fter e ach fiv e laund e ring pe rio ds , from th e e xp e r i me ntal 

ya rdage r e pr e s e ntativ e of th e trou se r c a t e g ori e s . Th e 

cum ul ati ve data from t h is e xpe r im e nt ar e r e c or d~ ~ i n 

Ta b l e IX. 
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Comparativ e analy s e s o f t he s e da t a wer e ma d e 

i nitially and aft e r on e through 10, ll through 30, an d 

i nitially through 30 laun de rin g pe ri ods , f oll owed by th e 

two resp e ctive drying proc e d ur e s in or de r to de t e rmin e th e 

r e lative r e sistanc e to t e aring o f th e f iv e r e s pe ctiv e t ype s 

of trousers. A treatment of th e s e d ata is discus sed in th e 

following paragraphs, 

TUMBLE DRYING 

The comparative analysis o f th e me an warp t e arin g 

str e ngth valu es accr e d i ted to t he f iv e f a b ric c a te gori e s 

after th e first 10 laun de ring p e riods, follow e d by th e 

application of tumble drying, r e veal ed the finding that th e 

4573 grams of r e sistanc e d emon st rat ed by th e 50 / 50 cotton

polyester (E Trousers) repres e nt e d a r e s istance to t e aring 

which was highly sup e rior t o th at of th e four r e maining 

fabric cat e gori e s. Th e p e r fo r ma n ce of th e al l -cotton 
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Koratron-tr~ated C Fabric with its warp t e aring r e sistanc e 

of 2823 grams was found to b e be tt e r in this resp e ct than 

we re the two other all-cotton fabric cat egories (Categories 

A and B). The least desirabl e mean warp tearing strength 

value of 2047 grams was exhibit e d by the 65/35 cotton

polyester D Fabric. 

After launderings 11 - 30 follow e d by tumbl e d rying, 

t he trouser Fabric E continu e d t o show its sup e rior warp 

te aring strength characteristic by d isplaying a r e sistanc e 

of 4572 grams. The all-cotton Fabric A surpassed th e two 

other all-cotton fabric cat e gori e s (B and C); whereas 

Fabric D (65/35 cotton-polye st e r) again e xhibit e d the low e st 

tearing strength resistance (2032 grams). 

A comparison of warp t e aring strength displaye d by 

the five trouser fabrics after th e first 10 launderings 

with that shown during launderings ll - 30 followed by 

tumble drying revealed the fact that the resistance of th e 

all-cotton A Fabric to tearing incr e ased during the last 

20 laundering periods. On the oth e r hand, an ov e rall 

reduction in resistance was notic e able for the all-cotton 

Koratron-treated C trouser fabrics. The remaining thr ee 

categories (Fabrics B, D, and E) we r e not affected with 

reference to their resistanc e t o t e aring by the progression 

of launderings. 
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To exemplify the resul t s wh i ch we r e rev e ale d as an 

o verall analysi~ of th e warp tearing strength of the tumbl e 

d ried fabrics, the following rank order is provid ed : 

Rank ~ .2..£ Fabric 

l 50 / 50 Cotto n-Polyest e r (E) 

2 All-Cotto n (A) 

3 All-Cotton ( B ) 

3 All- Cott on (c) 

5 65/ 35 Cotton -P olyest e r (D) 

In th e filling direction of the tumble-drierl trous e r 

fabrics, a r e latively unchan ged pat t e rn o f tearing st r e ngth 

performance prevailed at th e Na riou s intervals of analysi s . 

It was conclusively shown that, both aft e r th e first 10 and 

the last 20 laundering periods followed by tumble d rying, 

the 50/50 cotton-polye ster fabric e xhibited th e greatest 

r e sistance to tearing (32 40 and 327 5 grams) when com p ar ed to 

the four remaining trous e r fabric cat e gori es . Th e D 65 / 35 

cotton-polyester fabric rank ed n e xt, followed by t he all

cotton Fabri c s A, and B. Th e filli n g dir e ction of Fab ri c C 

0ffered the least resistance to tea rin g a fte r 10 launderings 

(2117 grams), but it shared thi s low e r pos ition with 

Fabric A during the last 20 laun de rin g pe riods followed by 

tumble drying. During this ti me, the f illingwise t e aring 

strength values were redu ced for the a ll -cotton A and B 

Trouser fabrics and the D Fabri c (65 / 35 cotton-polyester). 
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Additional launderings followed by tumble drying fail ed to 

affect the all-cotton Koratron-tr e ated C Fabric an d th e 

50/50 cotton-polyester E Category to a significant degr ee . 

An analysis of the cumulativ e data for the e ntir e 

study in relation to tearing in the filling dir e ction r e -

vealed the following strength pe rf o rmanc e rank . order arrang e -
~ , ... , 

ment of the five trouser fabrics when tumbl e drying was 

applied: 

Rank ~ ..Q.i Fabric 

1 50/50 Cotton-Polyester ( E) 

2 65/35 Cotton-Polyester ( 0) 

3 All-Cotton (B) 

4 All-Cotton (A) 

5 All-Cotton (C) 

LINE DRYING 

The values representative of th e resistanc e to 

tearing of the five trouser fabrics were analyzed a fte r lin e 

drying as was discussed for the tumble-dri ed fabric s . Th e 

results showed that the number of laundering s did not harm 

the warp tearing strength of the line-dried fabrics sig-

nificantly, except in one instance, which was exhibited by 

the all-cotton Koratron-treated C trouser fabric. In this 

instance the overall resistance of this fabric was r e duced 

considerably during the last 20 laundering pe riods. 



A further analysis of th e wa rp t ea ring str e ngth 

data at the intervals mentioned abo ve r e vealed th e finding 

that the 50/50 cotton-polyester (Fabric E) was sup e rior in 

its resistance to tearing when compared to the remaining 

four fabric categori es . The all-cotton Fabric C performed 

bette r in this r e spect aft e r th e firs t 10 laund e ring s than 

did the · A and B Fabrics, wh e r e as Fabric A proved to b e 

superior during the last 20 laund e ring periods at all 
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pe riods of comparison. The 65/35 cotton-polyester (Fabric D) 

displayed the least warp resistance to tearing. 

A consideration of the warp tearing strength pe r

formance for the entire study r e v e al ed th e following rela

tive performance for the fiv e lin e -dri ed e xperimental 

trouser fabrics: 

Rank ~£I Fabric 

l 50/50 Cotton-Polyester (E) 

2 All-Cotton ( A ) 

2 All-Cotton (C) 

4 All-Cotton ( B ) 

5 65 /35 Cotton-Polyester ( D ) 

In s om e instances dif fe r e nt characteristics wer e 

shown by th e trous e r fabrics with r e f e r e nce to their filling

wise resistanc e to t e aring than were foun d in the warp 

direction. Trous e r Fabrics A, B, and 0 we r e aff e cted by 



72 

t h e progression 3f laund ering~ , as indicate d by a r ed uction 

in t earing strength of about 10 p e r cent. 

During th e first 10 laundering pe riods follo we d by 

l i ne drying, the 50 / 50 cotton-p~lye st e r blend, filling wis e , 

reac ted in much the sam e way a s was evid e nt for th e warp 

d i r e ction. The resistance of this fab ric to tearing was 

h ighly superior to that 0ff c red b)· th e r em aind e r of th e 

fa b rics. Fabric C, on th e other hand} display e d th e poor es t 

pe rformance, while Fabriss J, A, and B obtain ed int e rm ed i

ate positions with r efere n c e to th e ir r e sistance to t ea ring. 

The sa me t e ndency was demonstrate d during th e n e xt 20 

launderings and for the clltir e s e ri e s o f laund e ring p e rio ds 

followed by line drying; as exemplifi ed by th e fo ll owing 

pres en ta tion: 

Rank 

l 

2 

3 

3 

5 

TUMBLE DRYING VERSUS 

LINE DRYING 

~ .2..i Fabri c 

50 ! ;)0 Cott o r.-Poly e st e r (E) 

65/35 Cotton-Polyes t e r ( 0) 

All-Cotton (A) 

All-Cotton (B) 

All-Cotton (c) 

A statisticAl analysis of th e comparativ e e ff e cts 

of th e two drying app li cations (tu mbl e a n d lin e ) up on th e 



t e aring resistance of the trouser fabrics revealed the 

findi ng that the experimental trous e rs we re affected dif

fere ntly by the two drying applications with respect to 

the tearing strength in the warp and filling directions 

after the first 10 laundering periods. 
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From ll - 30 laund e ring pe rio ds this trend continu ed 

for the warp direction of the fabrics except for th e all

cott on Fabric A, the warp strength of whi c h was 2880 grams 

after tumble drying and a lower value of 2725 grams aft e r 

line drying. In the filling direction during these last 

20 laundering periods, further e vidence was forthcoming to 

the effect that Fabrics B, C, and D showed that line drying 

contributed to the loss of resistance to tearing. 

A study of the overall results revealed the finding 

that generally the five categories of fabrics performed 

equally as well with the two types of drying with reference 

to their tearing resistance, both in the warp and filling 

directions of the fabrics. 

One exception to this finding was noticeable in the 

warp direction of the all-cotton Fabric A when the resist

an ce provided by tumbl e drying (282 4 grams) exceeded that 

which r e sulted from line drying (2736 grams). 
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WRINKLE RECOVERY PERFORMANCE 

The data for the degree of dry wrinkle r e covery 

disp layed by the five different experimental trouser fabrics 

are found in Table X. These data res~lt from the deter

mina tion of the face-to-fac e and back-to-back wrinkle 

rec overy angles which were measur ed initially and aft e r 30 

laund?J~ng periods, followed by tumbl e and lin ~ ,drying, 

respectively. 

The following discussion is bas ed upon the findings 

which were revealed from a statistical analysis of the da ta 

in comparing the relative wrinkl e r e covery performance of 

the five experimental trouser fabrics. 

A treatment of the warpwise wrinkl e recovery data 

of the respective fabrics before they were laundered revealed 

values which ranged from a low of 129.6 degrees as found in 

Fabric B to a high of 154.5 degrees displayed by the 50/50 

blend (Fabric E). Intermediate values of 136.3, 148.7, and 

150.3 degrees we re found for Fabrics A, C, and D, respec

tively. 

In the filling direction of the fabrics, differences 

between the wrinkle recovery performance of the five trouser 

fabrics were not as marked as were those shown in the warp 

direction. Fabrics A and B shared the lowest recovery angle 

of 141 degrees. The 65/35 blend of cotton-polyester 
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( fab ric D) ranked highest as demonstrated by an angl e of 

160.4 degrees, whereas Fabrics E and C d isplayed inter-

mediate values of 157.8 and 150. 6 , respectively. 

When the initial wrinkl e r ec ov e ry data we r e analyz ed 

s tatis tic al ly th e following ra nking syste m was d e vised : 

I · 1 

~ 

l 

l 

l 

4 

4 

Rank 

Filling 

2 

l 

2 

4 

4 

~ of Fabric 

All-C ot ton (C) 

65 /35 Cotton-Polyes t e r (D) 

50 / 50 Co tton-P o ly es ter (E) 

All-Cotton (A) 

All-C o tt o n (B) 

TUMBLE DRYING 

The tumble drying procedure showed an opposite 

effect upon the warp direction of the all-cotton Fabrics A 

and B. The performance of Fabric A improved from 136.3 to 

153.7 degrees with 30 laundering s followed by tumble d rying, 

whereas Fabric B experienced a performanc e which was lower ed 

from the initial value of 129.6 degrees to 126.1 degr ee s. 

Th e three remaining trous e r fabrics (fabrics C, D, 

and E) with respective wrinkle recov e ry values of 147.1, 

146.1 and 156. 4 failed to show any s ignificant differences 

in their warp wrinkle recovery. 

tEXA.S WOHA N'S l:'NIVERSITY 
LIBRAI~Y 



76 

The findings which we re repr e sentative of the 

fi llingwise direction of the tumble-dried fabrics r e veal ed 

the fact that the general tr e n d of wrinkl e recovery per

form ance was much like that described for th e warp direction, 

e xc e pt in the case of Fabric C. Th e wrinkle recovery of 

this fabric was low e red to a greater exte nt (from 150 .6 to 

141 .5 degrees in the filling direc tion than the amount 

cite d warpwise. 

Th e relative pe rformance of th e trouser fabrics 

after 30 launderings follow e d by tumbl e drying was statis

tically analyzed as follows: 

~ 

l 

l 

l 

l 

5 

LINE DRYING 

Rank 

Filling 

1 

4 

l 

l 

4 

~ o f Fabric 

All-C o tton (A) 

All-Cotton (C) 

6 5 /35 Cotton-Polyester (D) 

50 /50 Cotton-Polyest e r (E) 

All-Cott o n ( B) 

A further analysis of the warp wrinkle r ec overy data 

showed that th e all-cotton A fabric and the two blends of 

cotton-polyester (Fabrics D and E) we re not affected by 30 

laundering s followed by line drying. This was not the c as e 
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with the all-cotton Fabrics B a n d c, sinc e th e y ex hibit ed a 

cons id e rable r ed uction in wrinkl e r ec ov e ry (10.3 an d 11. 4 

deg rees ) when 30 launderings follow e d by lin e d rying were 

app lied. 

Fillingwise, Fabri c A s ho wed mor e improvement i n 

wrin kle r eco ver y performance from lin e drying than d id th e 
t .. ~ - , 

rem ainder of the fabri cs , as exemplified by a chang e in 

val ues from 141.8 degr ee s initially to 15 1.1 de gre es aft e r 

30 laund eri ngs follow ed by lin e d rying. Th e 50/50 cotton-

po ly es ter bl e nd displayed a s li gh tly improv ed performanc e 

a mounting to 1.6 de gr ees , wh ereas lin e dr ying proved to b e 

harmful to the r e maind er of th e fabrics (Cat e gories B, C, 

and D). 

After 30 laundering periods followed by line drying 

the observations shown below were e vident concerning th e 

r e lationships of the trouser fabrics with reference to 

wrinkl e recovery: 

Rank 

~ Filling 

1 1 

l l 

3 l 

3 4 

5 4 

~of Fabric 

50 /5 0 Cotton-Polyester (E) 

6 5/35 Cotton-Polyester (D) 

All-Cotton (A) 

All-Cotton (C) 

All-Cotton ( B) 



TUM BLE DRYING VERSUS 

LIN E DRYING 
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When the warp dry wrinkle r ecovery angl e s of the 

tumb le and line dried fabrics were co mpared, th e ana lysis 

reve aled the finding that th e all-cotton categories (Fabrics 

A, B, and C) exhibited a great e r deg r ee of wrinkle r eco ve ry 

after being subjected to tu mb le drying than aft e r being 

line-dried. The 65 /3 5 and 50 / 50 cotton-poly e st e r Fabrics 

D and E performed as well with on e typ e of drying as with 

the other. 

Fillingwise, Fabric A was th e only fabric which 

r es ponded differently with the two d rying proc ed ur e s. With 

this fabric, tumble drying produced the more favorable 

results. The four remaining categories (Fabrics B, C, D, 

and E) did not show any differences in th e ir filling wrinkle 

recovery when the two differ ent drying procedures were 

applied upon them. 

DIMENSIONAL STABILITY 

Tables XI and XII contain data which are in d icative 

of the p e r cent dimensional change of the five types of 

experimental trouser fabrics. From these d ata it is 

noticeable that, with both drying applications, the 65 / 35 

cotton-polyester Fabric D displayed th e ~est warp stability, 

which ranged from no ch a nge to 1.0 p e r c e nt change. The 



f our remaining trouser categori e s demonstrated chang es in 

di mensions ranging from 1.0 to 3.3 per cent for the warp 

d irection of the tumble-dried fabrics, and from 0.0 to 2.0 

per cent for the line-dried fabrics. 
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In the filling direction, al l of th e fabrics proved 

to be more dimensionally stable than was found to be th e 

case with the warp direction. Lin e drying resulted in 

changes of less than 1.0 per c e nt, whereas tumble drying 

produced changes in dimensions ranging from 0.2 to 1.6 per 

cent. 

TUMBLE DRYING 

During the first 10 laundering periods followed by 

tumble drying, the 65/35 cotton-polyester D Fabric showed 

the least amount of change in its warp dimensions, with a 

rating of 0.7 per cent. The all-cotton C Fabric came out 

next with 1.6 per cent of shrinkage. Fabrics A and E 

shrank 2.1 per cent, r espe ctiv e ly. The p e rformance of the 

all-cotton Fabric B proved to be th e l e ast desirable with 

reference to dimensional stability by displaying the great

est amount of shrinkag e (2.75 per c e nt) during laun de rings 

one through 10. With an increas e in the number of laund e r

ings from ll through 30, the 65 / 35 cotton-polyester trouser 

fabric (D) continued to demonstrate its superiority over 

the remaind er of the trouser fabrics with its warp shrinkage 
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amo unting to an overall me an of l e ss than on e per cent (0.8 

per cent). Fabrics A, B, an d E d emonstrated the l e ast amo unt 

of warp stability at this point as exe mpl ified by shrinkage 

values which exceeded the 2.0 per cent mark. 

A comparison of the data from o ne through 10 laun-

de rings with that from ll - 30 laund e rin gs revealed th e 
' ··· I 

findi ng that most of th e warp s hrinkag e was incurred in the 

exper im e ntal fabric s during th e first 10 laund e ring pe rio ds 

whe n tumble drying was used as th e me thod of drying. 

Wh e n d ata from th e e ntir e st ud y were pooled and 

analyz ed , the following ord e r of pe r f ormance was not ed 

relative to th e warp dimensional stability of th e five 

trouser fabrics after tumbl e drying: 

Rank ~ .Q..f. Fabric 

l 65/35 Cotton-Polyester (D) 

2 All-Cotton (C) 

3 All-Cotton (A) 

3 50 /5 0 Cotton-Polyester (E) 

5 All-Cotton (B) 

In the filling direction the stability displayed by 

the various trouser fabrics was quit e di ffer e nt from that 

desc ribed above for the warp direction. Fabrics B and C 

in some instances shrank as mu~h as on e per cent with the 



ap p lication of tumble drying, wh e r ea s th e stability of th e 

r e ma ind e r of the fabrics was gr e at e r. 

A comparison of the data a c cumulat e d during th e 

f i r s t 10 laundering pe riods with that of the last 20 

re vea l ed th e f act that most of th e shrinkag e too k pla c e 

d u r i n g r•t ·•h e e a r l y p e r i o d s o f 1 au n d e r i n g • F a b r i o·s ' A an d 

B s how e d tend e nci es of relaxation d urin g th e last 20 

la und e ring p e riods, al t hough th e c hang es which took plac e 

i n the remainder of th e trous e r fabric s we r e of no 

si gnificance. 

81 

An ov e rall analysis of th e d ata show e d Fabric A 

(all-cotton) and Fabric E ( 50 / 50 cotton-polye st e r) to be th e 

most stable, fillingwise, after tumbl e d rying, with Fabric B 

th e poorest in this r e spect. Thi s can be not ed from th e 

following ranks: 

Rank ~ .21. Fabri c 

1 All-C o tt o n ( A) 

1 50 / 50 Cotton-Polyester (E ) 

3 6 5/ 35 Cotton-Polye st e r (D) 

4 All - Cotton (C) 

5 All-Cotton (B) 
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LINE DRYING 

Again, as was found to be th e case with tumble dry

ing, the 65/35 cotton-polyest er D Fabric demonstrated good 

s tability in its warp dimension with a 0.5 p e r cent change 

both after 10 and aft er 30 laun de rings. Th e all-cotton 

Fa b r i d 's 1 A and B con t i n u e d t o be th e 1 e as t s t a b· 1 e d i men s i on a ll y 

with me an warp shrinkage valu e s amounting to 1. 4 an d 2 .0 p e r 

c e nt, respectively. Th e pe r fo r ma n c e of the r e mainder of 

the trouser fabrics f e ll bet we e n the two ex tr eme s me ntion ed 

above. 

The following performance patt e rns e volv ed from 

comparisons of the warpwise dimensional s tability of the 

five experimental trouser fabrics after a series of 30 

periods of laund e ring followed by lin e drying. 

Rank ~ 2.1.. Fabric 

l 65/35 Cotton-Polyester (D) 

2 All-Cotton (C) 

3 50 /50 Cotton-Polyester (E) 

4 All-Cotton (A) 

5 All-Cotton (B) 

Although dimensional changes expe rienced by the 

filling direction of the five lin e -drie d trouser f abrics 
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we re almost too small to mention (l e ss than 0. 5 pe r ce nt) 

o ne significant diff e r e nce was notic ea bl e betwe e n th e p e r-

f orm an c e of two of the fabri c s during th e first 10 laun der-

i ng p e riods. In this r e spect Fabri c A pe rform e d in a 

supe rior manner when compar ed with Fabri c E. 

When 11 - 30 launderin g p e rio d s we re follow ed by 
k · • ! 

li ne drying, differenc e s b e tw ee n th e fabri c s be came gr e at er 

a nd a comparison of th e trous e r f abric s on th e basis of 

t he s e data for th e e ntire s tu d y show e d th e following rank s 

for th e filling dire ction of th e fiv e f abrics: 

Rank ~ Ql Fa bri c 

l All-Cotton (A) 

2 All-Cotton (B) 

3 All-Cotton (C) 

4 65 / 35 Cotton-Polyest e r (D) 

5 50 / 50 Cotton-Polye ster (E ) 

TUMBLE DRYING VERSUS 

LINE DRYING 

A statistical compari s on of th e data whi c h r e sult ed 

from tumble drying with that which r e sult ed from lin e drying 

show e d that, in all comparison s ex c e pt on e , tumble drying 

was mor e d e trime nt a l to th e stability o f th e f i ve types o f 



tro u se r fabrics than was lin e d rying, irr e sp e ctiv e of yarn 

dire ction. This one e xception was foun d in th e filling 

di r ec tion of Trousers E (50/50 cotton-polyester) when both 

types of drying performed in a comparable manner, 

l "·•"i 

8 4 



S U M M A R Y 

One hundred pairs of men' s durable press khaki 

t rousers and matching yardag e , r e pr e s entativ e of fiv e r e sp e c-

tive fiber-fabric-finish cat e gori e s, we r e includ ed by th e 

author in the study r e port ed in this th e sis, for the purpos e 

of finding the effects of laund eri ng on th e trousers, ir-

respective of wear. Especial e mphasis was plac ed on th e 

drying method follow e d in the laund er ing proc ed ur e, with 

tumble and line drying methods alternated with each trouser 

type. 

The trousers were categoriz ed with respect to their 

fabrics and finishes as follows: Trousers A (100); 

Trousers B (200); Trousers C (300); Trousers D; and 

Trousers E. Categori e s A, B, and C wer e made of all-cotton, 

with Fabric A having a melamine wet-fixation finish, 

Fabric B a modified pad-dry-cur e tr e atment, and Fabric C 

a Koratron durable press application. Category D was 

composed of 65/35 cotton-Dacron 59 and was treated with a 

Coneprest III finish, whereas Category E consisted of a 

50/50 cotton-polyester blend and was finished with a Lock-

Prest durable press treatment. 
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The experimental trous ers and fabrics were sub-

jected to 30 periods of laundering un der controlled condi-

tions; and thereafter they were dried by means of tumbl e 

and line drying procedures, resp ec tiv e ly, for comparative 

purposes. 

Evaluations were performed at sp e cified pe rio ds 

during th e inv est igation, pertaining to th e appearance of 

the trousers (fabric smoothness, c r ease retention, seam 

smoothness, and wrinkl e recovery), together with d urability 

t ests (visible abrasion, breaking s tr e ngth, tearing 

strength, and dimensional stability). Data from th ese 

e valuations were computed by means of an analysis of 

variance (AoV). Significant treatment effects we re deter-

mined at the 95 per cent confid e nc e l e vel by means of 

Duncan's Multiple Range Test, and trouser types were rank ed 

according to the number of times e ach demonstrated sup e rior 

performance when statistical comparisons were made. Thes e 

ranks were made directly from the me an values with regard 

to the consistency reflected by th e standard deviations. 

Th e findings thus determined are summarized und e r two 

general headings App e aranc e and Durability with resp e ct to 

type of trousers, and drying procedur e as shown in 

Summaries B and C which follow. 



APPEARANCE OF TROUSERS 

A summary has been compil ed of th e rankings which 

res ulted from the appearanc e e valuations mad e on th e 

la undered trous e rs. The factors upon which app e arance 

was based, as noted, includ ed fab ri c smoo thn ess , c r e as e 

re t e n\~pn, seam smoothn ess , and wrinkl e r ec ov ~~l of th e 

f ive resp e ctiv e categori es of trous e rs aft e r th e y ha d bee n 
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subjec ted to 30 periods of laun der ing and drying. Summary B, 

which follows, denotes th e trous e rs categories, the typ e 

of evaluations, the me thod of drying, and th e ranks of th e 

trousers following laundering. 

From th e ranks tabulat ed in Summary B, an ov era ll 

picture of the performance of the experime ntal trouser s with 

r egard to their appearance following laundering is evident. 

Rank £f Drying Methods. Taking all of the factors 

into consideration, the sum of the ranks for th e two drying 

methods were not far apart as follows: 

Tumble Drying. 

Lin e Drying. 

Rank £f Appearance Factors. 

Total Ranks 

62 

66 

The five factors which 

we re taken into consideration wh e n th e two drying methods 

we re undergoin g comparison h ad th e f ollowing ranks with 



SUMMARY B 

Rank-Order Arrangement Qi Laundered Trousers with Resp e ct~ Their App e aranc e 

According ~ the Two Methods Qi Drying 

I Rank-Order 

Type of Trous e r s 
Evaluation 

A Trousers B Trousers c Trousers D Trous e rs E 

Tu mble Lin e Tumbl e Line Tumbl e Line Tumble Lin e Tumbl e Lin e 
Drying Drying Drying Drying Drying Drying Drying Drying Dry_i ng Drying 

Fabric I 
Smoo thn ess 4 2 5 5 I 1 1 2 q I 2 3 I I 

! 
I I Cr ease 

Retent ion 3 3 4 3 1 1 4 5 2 2 

Seam 
Appearan ce 5 4 4 4 2 2 1 l 2 2 

Wr inkle 
Re cov e ry: 

Warp l 3 5 5 1 3 1 p 1 1 

Filling l 1 4 4 4 4 1 l 1 1 

Total Ranks 1 4 13 22 21 9 ll 9 1 2 8 9 

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

I 

CP 
CP 



res p e ct to tumbl e drying and lin e d ry i ng: 

Wrinkle Recovery, Warp 

Wrinkle Re cov e ry, Fillin g . 

Se am Ap pe aran ce . 

j •z,:.' Fabric Smoothn e ss. 

Creas e Re tention • 

Wrinkl e Recov e ry, Filling. 

Wrinkl e Rec ov e ry , Wa r p • 

Se am Ap pe aran ce . 

Creas e Re tention • 

Fabric Smoothne ss . 

Tumbl e Drying 
Rank 

l 

2 

3 

.3 

5 

Lin e Dryin g 
Rank 

l 

2 

2 

4 

5 

89 

Rank~ Trous e r Typ es . Th e trous e rs rank ed as fol -

lows with r e spect to app e aranc e aft e r being d ried accor d ing 

to th e two methods used in this s tu d y: 

Tumb l e Dr ying 
Rank 

Trous e r s E . l 

Trou se rs D 2 

Tr ou sers c . 2 

Trous e rs A . 4 

Trous er s B . 5 
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Lin e Drying 
Rank 

Trous ers E . l 

Trous ers c . 2 

Trousers u . 3 

Trous e rs A . 4 

Trousers H . 5 

From th e data summariz ed above, it can b e se e n that 

the overall ranks differ ed only slightly with r e spect to th e 

two methods of drying. Of th e fiv e fabric typ es use d in 

th e trousers, Trousers E (50 /50 cotton-polyester fabric) 

ranked first with respect to appearance factors with both 

drying methods. This was followed clos e ly by Trousers D 

(65/35 cotton-Dacron treated with a Con e pr e st III finish) 

after tumble drying and by Trousers C (all-cotton with a 

Koratron treatment) after lin e drying. 

The lowest ratings emanating from both types of 

drying were received by the all-cotton Trousers A and B. 

The appearance factors which were easiest to 

improve during laundering with both d rying methods con-

sisted of wrinkle recovery, both warp and filling. Seam 

appearance far ed be tt e r with lin e dryi ng, fabric smoothness 

with tumble drying, and crease r e tention with line drying. 

Differences betwe e n the two d rying me thods, however, were 

not extreme for all appearance fa ct ors. 
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These findings r e veal ed th e fac t that the 50 / 50 

cott on-polyester Trousers E and the all-cotton Koratron

treated C Trousers exhibited a desirable durable press per

for mance for men's trousers which are durable to many 

l aunderings with no required drying conditions. 

Evidence also points to th e fa c t that trousers 

composed of a high level bl e nd of cotton and polyes t e r 

(65/35 per cent) anJ treated with Conepr e st III finish also 

can perform in an acc e ptabl e mann e r when subjected to tumbl e 

drying. 

The wet-fixation melamin e and th e modified pad-dry

c ure treatment met with the least amount of success in 

producing a desirable durabl e press performance for th e 

all-cotton trousers irrespective of drying procedure. 

DURABILITY OF TROUSERS 

The overall durability of th e five respectiv e dur

able press trouser fabrics as determined by rank orders 

developed from the actual number of broken hol es ; thinness 

of the creases; breaking and tearing strength; and dimen

sional stability of the fabrics shown in Summary c, which 

follows. 



SUMMARY C 

Rank-Order Ql Laundered Trousers with Respect 1Q Th eir Durability 

According 1£ the Two Methods Ql Drying 
_I 

I Rank-Or der 

Type of 
Trousers A Trousers B Trous e rs c Trous e rs D Trous e rs E Evaluation 

1 Tumbl e Lin e Tumbl e Lin e Tu mble Line Tumbl e! Lin e Tumble Line 
Drying D ryi n_g_ D ry_i ng Drying Drying Drying Drying Drying Drying Drying 

Number of 
Brok e n Yarns 3 3 4 4 5 5 2 2 1 i 1 

1 

Cr ease Abrasion 1 1 1 1 I l 1 4 4 I 5 5 
i - I 

Br e aking Strength 
I 
I I 

Warp 3 3 2 2 3 3 5 5 1 1 

Filling 4 4 l 1 4 5 2 2 2 2 
I 

Te aring Str e ngth I 
War p 2 2 3 4 3 2 5 I 5 l l 

Filling 4 3 3 3 5 5 2 2 1 l 

Dimensional -
Stability " 

Warp 3 4 5 5 2 2 1 1 3 3 

Filling l l 5 2 4 3 3 4 l 5 

Total Ranks 21 21 2 4 22 27 26 24 25 1 5 19 
-

..0 
[\) 



Ther e was little diff e r e nce i n d urability pe r-

for mance with r e sp e ct to th e two t y pes of d rying in th e 

la undering treatme nts. Th e overall total ranks we re 111 

f or tumble drying and 113 for lin e d rying. 

With r e sp e ct to f ac tor s r e lat ed to d urability, th e 

f ollowing total ranks giv e an ov e rall summary o f th e com-

parative response of the fabrics to th e two me thods of 

d rying during th e laundering· p roc e dur e : 

Total Rank s Based on t he Numb e r 
of Broken Yarns 

Total Ranks Bas ed on 
Crease Abrasion . 

Total Ranks Bas e d on Br e aking 
Strength, Warp. 

Total Ranks Based on Br e aking 
Strength, Filling . 

Total Ranks Based on Tearing 
Strength, Warp. 

Total Ranks Based on Tearing 
Str e ngth, Filling . 

Total Ranks Bas ed on Dim e n-
sional Stability, Warp. 

Total Ranks Ba s ed on Dim e n-
sional Stability, Filling . 

Drying Metho d 
Tumbl e Lin e 

15 15 

12 12 

14 14 

16 15 

14 14 

15 14 

14 15 

14 15 
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Summary C reveals th e ove rall durability of th e 

50 / 50 cotton-polye ster Trous e rs E and th e following ord e r of 

durability pe rformanc e for t he r e ma i nd e r of th e fabri c s 



(ranke d in the order given): Trous ers A, B an d D, C. 
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Both 

dr ying procedures produced comparable r e sults except in th e 

case of Trousers D when this fabric performed in a more 

acce ptable manner with tumbl e drying. 
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T A B L E I 

SMO OTHNESS OF NON-WORN DURABLE PRESS TROUSERS AS EVALUATED 

BY AATCC STANDARDS AFTER DESIGNATED PERIODS OF LAUNDERING 

PART A TUMBLE DRIED . 
! Numb er of Laun de ring s 
I Trouser Types 

t "·I 

l-5 6-10 ll-1 5 16- 20 21- 25 26-30 

A (100) 

I 
100% Cotton 4 .0 4 . 3 4 . 2 4 . 4 4 . 4 4 . 4 

B ( 200) 
100% Cotton 3.3 3 . 6 

I 
3 . 7 3.9 3.9 3 .9 

c (300) 
I 100% Cotton 4 .8 4 . 9 5 .0 5 .0 4 .9 4 . 9 

D 65 /35 Cotton-

I E 

Polyester 4 . l 5 .0 4 .9 5 .0 5 .0 4 .9 

50/50 Cotton-
Polyester 4 .7 4. 7 4 .7 4 .9 4 .9 4 .9 

PART B, LINE DRIED 

I 
A (100) 

100% Cotton 4 .0 4 . 3 4 . 2 4 . 4 4 . l 4 . l 

I B ( 200) 
I 100% Cotton 3.3 3. 5 3 . 4 3 .7 3. 4 3 . 5 

c (300) I 

100% Cotton 4 . 4 4 . 5 4 . 5 

I 
4 .6 4 . 2 4 . 2 

D 6 5/35 Cotton- I 
Polyester 3. 2 3.8 4 .0 3.9 3.7 3.8 

I 
E 50 / 50 Cotton-

Poly e st e r 3.7 3 . 7 3 .9 4 .0 4 .0 3.9 
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T A B L E I I 

APPEARANCE OF CREASES OF NON-WORN DURABLE PRESS TRO USE RS 

AS EVALUATED BY AATCC STANDARDS AFTER DESIGNATED 

PERIODS OF LAUNDERI NG 

PART A TUMBL E DRIED . 
i ~--~lN.tl I Numb e r of Laund e ri ,ngs 
! Trous e r Typ e s I 

I 0- 5 6 - 10 ll -1 5 16 - 20 2 1- 25 26 - 30 
1 

I A (100) I I 
I I 

100% Cotton I 3.7 3 . 4 3 . l 3 . 3 3 .1 3 .0 

B (200) 

I 

I 
100% Cotton 3. 5 3 . l 3 .0 3. 2 3 .0 3 .0 

I c (300) 

I 
I j 100% Cotton 4 .7 4 . 6 4 .7 4 .7 4 . 3 4 . 5 

I 

I 0 65 / 35 Cotton-
Poly e st e r 3 . 2 3 . 2 2 . 9 2 . 9 2 .9 2.9 

E 50 /50 Cotton-
Polyester 3.8 3 . 6 3 . 4 3 . 5 3. 2 3 . l 

PART B. LINE DRIED ---
A (100) 

I 100% Cotton 3.9 3 . 7 3 . 5 3.5 3 . l 3 . 0 
I 

B (200) I I 

I 

I 
100% Cotton I 3.8 3 . 4 3 . 4 I 3 . 3 3. l 3.0 

I c ( 300) I 
I 100% Cotton 4 .7 4 . 7 4 . 7 4 . 7 4 .5 4 . 3 I 
l 
I 

I 
D 65 /35 Cotton -

Polye st e r 3 . 4 I 3 . 2 I 3 . 2 3. l 2 .9 3 . 0 
! 

5 0 / 50 Cotto n -

I 

I E 

I 
Polyester 3 . 6 3.6 3 . 6 3 .7 3 . 3 3 . 3 
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T A B L E I I I 

APPEARANCE OF SEAM~ OF NON-WORN DURABLE PRESS TROUSERS 

AS EVALUATED BY AATCC STANDARDS AFTER DESIGNATED 

PERIODS OF LAUNDERING ------- -- ~~--~~ 

PART A. TUMBLE DRIED 

Numb e r of Laun der ings 
Trouser Types 

0-5 6-10 11-15 16- 20 21-25 26-30 

A (100) 
100% Cotton 4. 1 4 .0 3.7 3.5 3.4 3.5 

B (200) 
100% Cotton 4 . 1 4 . 2 3.8 3.7 3.6 3.5 

c (300) 
100% Cotton 4 .5 4.5 4 . 3 4 . 2 4 . 1 4 . 2 

D 65/35 Cotton-
Polyester 4. 3 4 .8 4.7 4 .7 

~ 
4 .6 

E 50 /50 Cotton-
Polyest er 4 . 2 4 . 2 4 . 1 4 . 2 1 4 . 2 

PART B. LINE DRIED 

A (100) 

I 100% Cotton 4 . 2 4 • 1 3.8 3 .7 3 . 5 3 . 3 
I 

B (200) I 
100% Cotton 4 . 4 4. 1 3.9 3 .9 3.5 I 3 . 5 

c (300) I I 100% Cotton 4 .8 4. 7 4 . 5 4 .3 4.4 

I 
4. 1 

D 65/35 Cotton-
Polyester 4.5 5.0 4.9 4 .8 4 .9 

I 
4 .7 

E 50 /50 Cotton-
Polyester 4 .8 4 .6 4 .7 4 .5 4 . 4 

I 
4 . 8 

·-



TABLE IV 

ABRASION OF NON-WORN DURABLE PRESS TROUSERS AS INDICATED BY BROK EN YAR NS AND HOLES 

AFTER DESIGNATED PERIODS OF LA UN DERING 

PART A. TUMBLE DRIED 

I ) Number of Launderings 1 

Trouser Types 0 5 10 15 20 25 30 I 
w• F** H*** w F H w F H w 

I 
F H w F H W ! F H w I F H ! 

>--

A ( 100) 
I 52 

I 

2 \ 198 
I I I 

1 ,.1 100~ Cot ton 1 0 0 27 5 1 6 2 1103 i 6 2 14 3 7 7 2 369 I 4o ;) ~ 

B ( 200) I 

15 I 1 

I I ! 
100% Cotton 5 0 I o 0 28 1 2 I o 7 5 ! 3 0 1 1 1 6 1 222 19 I 6 464 I 65 291 

Jc C300) 
2 I 1 

! I : 
100% Cotton 1 0 0 6 2 1 17 79 I 3 1 183 10 2 2 6 9 152 16 777 103 3 71 

!o 6 5/35 Cotton- T I . I 
Polyester 2 0 0 19 0 0 26 0 0 38 0 0 51 0 0 1 5 5 3 3 328 6 I -I OJ 

E 50 /5 0 Cotton-
I 

I 
Polyester 4 0 0 1 1 o~_o 1 4 0 0 22 0 0 32 0 0 40 0 0 51 0 0 

PART B LINE DRIED 
A ClOO) I 

I 

100%_ Cotton 7 0 0 23 1 0 90 6 1 110 8 1 12 4 9 2 178 12 4 252 40 101 
B ( 200) 

-

1 21 100% Cotton 0 0 0 12 1 1 25 2 1 52 3 1 67 6 1 112 19 4 264 65 
c ( 300) 

181 100% Cotton 0 0 0 5 2 0 21 2 0 43 3 0 78 8 0 187 50 6 416 103 
D 65/35 Cotton-

o I o 
I 

Polye st e r 0 0 0 3 14 0 0 25 0 0 35 0 0 57 3 0 158 6 
21 

E 50/50 Cotton-
0 10 Polyester 0 0 0 2 6 0 0 9 0 0 11 0 0 13 0 0 29 0 o J 

•warp **Filling ***Hol es 

..... 
0 
w 
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I 

T A B L E V 

CREASE ABRASION OF NO N-WORN DURABLE PRESS TROUSERS 

EVALUATED BY MEANS OF ~ FLUORESC ENT hlGHT 

ASSEMBLY INS I DE TROUSER LEG 

PA RT A TUMBLE DRIED . 
Numb e r o f La un deri ngs 

Trouser Typ e s 
5 10 1 5 20 25 

A (100) 
100% Cotton 5 .0 5 .0 5 . 0 5 .0 5 .0 

I B 
(200) 
100% Cotton 5 .0 5.0 5 .0 5 .0 5 .0 

I I c (300) 
100% Cotton 5 .0 5 .0 5 .0 5 . 0 5 .0 

D 65/3 5 Cotton-
Polyester 5.0 4 . 4 4 . 0 3 .8 3 . 4 

E 50/50 Cotton-
Poly e ster 4 . 4 4 . 0 3 .7 3. 5 3 . 2 

PART B. LINE DRIED 

A (100) I 100% Cotton 5.0 5 .0 5 .0 5 .0 4. 9 
I 

B (200) 
100% Cotton 5.0 5 .0 5 .0 

I 
5.0 5 .0 

I 
c (300) I 100% Cotton 5.0 5.0 5 .0 I 5 .0 5 .0 I I 

I D 65 / 35 Cotton- I I 
Poly e ster 5 .0 I 5.0 4 . 4 I 4 .6 I 4 .0 I 

E 50 / 50 Cotton-
Polyester 4 .6 4 . 2 4 . 1 4 .0 3 . 7 

10 4 

30 

5 . 0 

5 . 0 

5 .0 

3 . 5 

3. 4 

5. 0 

5 .0 

5.0 

4 .0 

3 .8 
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TABLE VI 

DRY WARP BREAKING STRENGTH OF NON-WORN DURABLE PRESS TROUSER -- ---- - ----
FABRICS AFTER DESIGNATED PERIODS OF LAUNDERING 

(POUNDS) 

PART A. TUMBLE DRIED 

Numb er of Launderings 
Trouser Types 

0 5 10 15 20 25 30 

A (100) 
100% Cotton 85.4 81.2 78.3 81. 2 79.9 81.8 79. 3 

B (200) 
100% Cotton 89.8 83.5 80.3 86.6 88.3 82.8 86.1 

c (300) 
100~(; Cotton 80.1 83.8 83.1 78.6 82.0 81. 5 30. 2 

0 65/35 Cotton-
Polyester 75.0 70.9 68.9 72.7 69.8 68.0 68.1 

E 50/50 Cotton-
Polyester 111.6 119.2 106.0 113.7 110.4 11 4 .8 117.7 

LINE DRIED 

~100) 
I 100% Cotton 85. 4 79.1 77.4 82.8 82.7 76.8 78.7 
I 

B (200) I 
I 
I 100% Cotton 89.8 84.6 87.6 91.1 86.7 84.7 87.4 i 

I c (300) i 
I 100% Cotton 80. 1 78.7 77.5 74.8 85. 1 82.6 81.0 I 

D 65/35 Cotton- 1 

Polyester 75.0 72.0 72.8 70.8 71.4 66.1 69.0 

E 50/50 Cotton-
Polyester 111.6 11 4 .2 110. 1 108.8 108.5 10 7. 1 111.4 



I 

I 

T A B L E V I I 

DRY FILLING BREAKING STRENGTH OF NON-WORN DURABLE PRESS 

TROUSER FABRICS ~FTER DESIGNATED PERIODS OF LAUNDER I~G 

(POUNDS) 

106 

PART A. TUMBLE DRIED -
Number of Laun de rings 

Trous~r Types 
0 5 10 15 20 25 30 

A (100) 
100% Cotton 52.9 50.4 51.3 49 .0 47 .6 48. 4 49 .9 

I 

I B (200) 
100% Cotton 66.8 6 4 . 5 60.1 58 . 4 63 . 8 I 56.8 60.0 

I 

c (300) 
100% Cotton 46.6 51.9 50.5 4 7. 1 50.6 51.4 1.) . 6 

D 65 /3 5 Coi;.ton-
Polyester 55.7 52 . 4 48. 4 50.7 5 2.5 49. 4 49 . 3 

E 50/50 Cotton-
Polyester 48.6 53.0 50. 1 53.2 51.4 50.3 53 .2 

PART B. LINE DRIED 

A (100) 
100% Cotton 

I 
52.9 50.7 51. 1 46. 7 47 . 3 50. 1 46 . 9 

B ( 200) I 
I 100% Cotton 66.8 6 4 . 4 61.1 6 2 .7 59.9 62.6 59.0 

c (300) I 
I 

100% Cotton 46.6 47.1 46.4 51.1 47 .3 47.0 49.7 

D 65/35 Cotton-
Polyester 55.7 53.8 52.0 51.2 54.7 45 .8 45.5 

E 50/50 Cotton-
Polyester tl 8.6 55 . 6 53. 1 50.9 55.1 49.0 47 .3 
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T A B L E V I I I 

DRY WARP TEARIN~ STRENGTH OF NON-WORN DURABLE PRESS TROUSER 

FABRICS AFTER DESIGNATED PERIODS OF LAUNDERING 

(GRAMS) 

PART A TUMBLE DRIED . 
Number of Launderings 

Trouser Types 
0 5 10 15 20 25 30 

A (100) 
100% Cotton 2590 2680 2980 2900 27 20 3020 2580 

13 (200) 
100% Cotton 2530 2540 28 40 2660 2620 2780 25 20 

c (300) 
100% Cotton 2670 2800 3000 2900 2600 2500 25 10 

D 65/35 Cotton-
Polyester 1880 2040 2220 2 200 1940 2020 1970 

E 50/50 Cotton-
Polyester 4760 4620 4340 4 280 4 160 4880 4970 

PART B. LINE DRIED 

I A (100) 

I 100% Cotton 2590 2740 2920 2920 25 40 27 40 2700 
I 
I .a (200) I 

I 
100% Cotton 2530 2620 2720 2880 2340 2340 2530 

I c (300) 
100% Cotton 2670 2860 2900 2760 2640 2540 2630 

D 65/35 Cotton-
I 

Polyester 1880 2220 2280 2140 1940 1920 2070 

! E 50/50 Cotton- I 

L_ Polyester 
I 4760 4600 444 0 44 80 4 160 4900 4860 

--

--
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T A B L E I X 

DRY FILLING TEARING STRENGTH OF NON-WORN DURABLE PRESS 

_TROUSE~ FABRICS AFTER DESIGNATEQ. .t§.RIODS OF LAUNDERING 

(GRAMS) 

PART A. TUMBLE DRIED 

Numb er of Launderings 
Trouser Types 

0 5 10 15 20 25 

A (100) 
10::>% Cotton 2310 2220 22 40 2200 1860 2120 

B (200) 
100% Cotton 2480 2280 2~2o) 2420 2 100 2160 

c (300) 
100% Cotton 1970 2220 2160 2320 1900 1980 

D 65/35 Cotton-
Polyeste:c 2700 2880 2720 25 80 2440 2600 

E 50/50 Cotton-
Polyester 3220 3280 3 220 3 360 3100 3 .380 

- -

PART _!!. LINE DRIED . . 

I A (100) 
100% Cotton 2310 224 0 2220 2080 1960 2000 

I B (200) I 100% Cotton 24 80 2 140 2400 2320 2040 2060 

I c (300) 

I 
100% Cotton 1970 2120 2160 2140 1780 1960 

I 

I 
D 65 / 35 Cotton-

Polyester 2700 ~940 2620 2700 2500 2500 

E 50/50 Cotton-
Polyester 3220 346 0 3320 3260 3300 3340 

30 

2 1 40 

2150 

2060 

2630 

3 260 

2 14 0 

2060 

1980 

2340 

3290 



T A B L E X 

DRY WRINKLE RECOVERY ANGLES OF NON-WORN DURABLE PRESS TROUSER FABRICS INITIALLY 

ANQ iFTER 30 PERIODS OF LAUNDERING 

PART A. TUMBLE DRIED 
r--· 

0 Launderings 30 Laun de rings 

Trous er Fabric Types Warp Filling Warp Filling 

~ Face- Back-
--

Fac e - Back- Face- J Back- Face- Back-
to-Face to-Back to-Face to-Back to-Fac e to-Sack to-Face to-Back 

! I 
1 163.7 

I A (lOO) 100 .% Cotton 1 133.3 139.3 142.8 
I 

141.7 142. 2 I 165 .2 156.5 
i I 

I I 
I I 

B (200) 100% Cotton 137.0 122.3 

I 
1 1 1.8 142.0 123. 5 I 128 .7 1 150. 3 118.3 

I c ( 300 ) 100 ~& Cotton 144 .7 152.8 I 158. 5 150.8 1 43 . 5 150.8 146.7 136.3 
I I i 

D 65/35 Cotton-Poly e st e r 135 .3 165 .3 164.5 1 56.2 1 25 .0 I 167 . 3 167.3 
I 

146.2 I 

E 50/50 Cotton-Polyester 1 49 .8 159.7 163.2 15 2 . 5 156 .0 156.7 169.0 152. 3 

PART B. LINE DRIED 

A ( 100) 100% Cotton 133.3 139.3 142.8 141.7 131. 3 139.3 157.0 145.2 

B ( 200) 100% Cotton 137.0 122.3 141. 8 1 42 .0 113.8 124.8 137 .8 129.2 

c ( 300) 100% Cotton 144.7 152.8 158.5 150.8 1 30.5 144 . 2 140.3 141. 2 

D 65/3 5 Cotton-Poly es ter 13 5 .3 16 5 .3 164.5 156.2 13 4 .3 168.3 170.3 141.3 

E 5 0 /5 0 Cotton-Polyester 1 49 .8 159.7 163. 2 152.5 150 . 5 166.7 175.7 143. 2 
- - - ---- ------- --- ---- ---- ----- ----·-··---

I 

...... 
0 
..0 
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T A B L E X I 

PE R CENT DIMENSIONAL CHANGE EXPERI ENCED BY NON-WORN DURABLE 

PRESS TROUSER FABRICS AFTER DESIGNATED PERIODS OF LAUNDERING 

(WARP DIRECTION) 

PART A. TUMBL E DRIED 

I Nu mbe r o f Laun de rings 
! Trouser Typ e s 

I 5 10 15 20 25 30 

I A (100) 
I 100% Cotton -1.5 - 2 .7 - 2 .2 -1.8 - 2 .2 - 2 .7 I 

B (200) 
100% Cotton -2.5 -3.0 -1.9 - 2 .2 -3.3 -2 .8 

c (300) 
100% Cotton -1.2 - 2 .1 -2.5 

I 
-1. l - 2 .3 -1. 4 

D 65/35 Cotton-
Polyester -0.7 -0.6 -0.7 -0.6 -1.0 -0.9 

E 50/50 Cotton-
Polyester -1.9 - 2 .3 - 2 .0 - 2 .0 -2.7 - 2 . l 

PART B LINE DRIED . 
A (100) 

100% Cotton -1. 4 -1.6 -1.1 -1.7 -1.3 -1.7 

I B ( 200) 
i 100% Cotton -1.9 -1. 4 -1.0 -1.7 -1.7 -1. 5 

c (300) 
100% Cotton -1.0 -0.8 -1. 2 -1. l -0.8 -0.6 

I 
D 65 / 35 Cotton-

Polyester -0. 5 -0.5 - 0. 4 -0.7 -0. 3 -0.5 

E 50 / 50 Cotton-
I Polyester -0.9 -1. l -1. 2 -1.6 -1.1 -1.8 
I 
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T A B L E X I I 

PE R CENT DIMENSIONAL CHANGE EXPERIENCED BY NON-WORN DURABLE --- ---- ~~~~~== 
PRESS TROUSER FABRICS AFTER DESIGNATED PER !ODS OF LAUNDERING 

(FILLING DIRECTION) 

PART A TUMBLE DR IED . 
Numb e r 0 f La un d e rings 

Trouser Typ es 
I 
I 5 10 15 20 25 30 

A (100) 
100% Cotton -0.3 -0. 4 -0. 2 o.o 0.0 -0. 3 

B (200) 
100% Cotton -1. 4 -1. 5 -0.9 -0.8 -1.6 -1. 2 

c (300) 
100% Cotton -0. 5 -1.0 -1. 4 -0. 4 -1.0 -0.5 

D 65/3 5 Cotton-
Polyester -0.3 -0.3 -0.3 -0. 4 -0.6 -0. 4 

E 50/50 Cotton-
Polyester -0.2 -0. 4 -0. 2 -0. 4 -0.6 -0.5 

PART B. LINE DRIED 

' A 
(100) 

I 

i 100% Cotton -0. 2 -0. 2 +0. 2 0.0 +0.2 0.0 
I 

B (200) 
100% Cotton -0. 4 -0.3 -0. l -0. 3 -0.2 -0. l 

c (300) 
100% Cotton -0.5 -0.3 -0.6 -0. 5 -0.3 +0. l 

D 65 / 35 Cotton-
Polyester -0.3 -0. 4 -0.5 -0.7 -1.0 -0.9 

E 50 / 50 Cotton-
Polyest e r -0. 4 -0.5 -0.3 -0.6 -0.5 -0.7 
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T A B L E X I I I 

YARN COUNT OF NON-WORN DURABLE PRESS TROUSER FABRICS -- -
INITIALLY AND AFTER 30 PERIODS OF LAUNDERING 

PART A. TUMBLE DRIED 

Number of Laund e rings 

I 
Trous e r Types War p Filling 

0 30 0 30 

A (lOO) 

I 
100% Cotton 98.0 98.2 55.8 57.4 

B (200) 

I 100% Cotton 96.0 97.6 56.6 59.2 

I c (300) 

I 100% Cotton 95.5 96.0 55.6 57.6 

D 65 / 35 Cotton-
Polye ster 116. 4 116.8 50.6 50.6 

E 50 / 50 Cotton-
Polye ster 113. 2 115.8 49 .0 50.8 

PART B LINE DRIED . 

I A (100) 

I 
100% Cotton 98.0 96.4 55.8 56 .8 

I B (200) 

I 
100% Cotton 96.0 97.0 56.6 58.2 

I c (300) 

I 
100% Cotton 95.5 97.2 55.6 56.8 

0 65 /35 Cotton-
Polyester 116. 4 117.8 50.6 51.0 

E 50/50 Cotton-
Polye ster 113. 2 113.8 49.0 50.6 


