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CHAPTER I 

INTRODUCTION 

Facing the very real possibility of future energy 

shortages, the consumer is now in a state that requires en

ergy to be put to its most efficient use. Awareness of en

e rgy r equ ireme n ts for maintenance of appare l can assist the 

consumer in wise utilization o f available energy. 

Many studies have been undertaken on du rabi lity , 

comfort and l a undering o f cotton, cotton-polyester blends and 

polyes ter . Compari s ons o f the required energy for produc

tion , ma nufacturing and maintenance of these fabrics only 

r e cently have been a concern of the textile industry. 

At present there are two opinions in relation to 

the e ne g y requ irement f or the mainte n ance of wear l ng ap

pa r e l . One opi nion states that although less e nergy lS re

q uired t o pr odu c e co tton and to manufacture a cotton shi r t 

t h a n is requ ire d to make a shirt from polyester , the ad

vantage i s los t i n t he we ring and maintenance c yc l e . Poly -

este r v-ras cl - ·_m d to have a wea r life e qual to onG and one -

half times tha t o f cotton (2 5 ). 

The other o p j nion c l lms that to t 1 e nergy c on

sumpti o should i r1c lude e ne rgy r e quirements f o r ma intenance 
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and durability of the garment. However, the wear life of a 

garment is detennined not only by its durability, but by 

other appearance features as rated by the consumer (7). 

Consumer concerns for appea~ance have been noted 

many time s in wear studies involving men's dress shirts. Re

cently , concern~ o f the consumer as well as the manufacturers 

o f home launderin g equipment have brought about changes ln 

the design o f wa s hing machines which will assist in the 

conservation of energy . 

This information leaves the f ollowing questions 

unanswered : Is there a di ffe rence in the minds of many with 

regard to the wear life of a garment? Is durability the 

concern of th consumer lil evaluating the wea r life of t l1e 

garment? Also , can c otton pe rforro under the same ma inte~ 

ance procedures as polyester? Thi s s tudy was undertaken to 

answer th s questions . 

Ob jectives 

The overall objective o f t his study was to compare 

th amoun~ of ene rgy required f o r maintenance o f four d if

fe:-ent ty es of m n ' s 1.vhi t dress shirts during their no rma l 

car if . The f ol lo ,ring specific object i res were chosen to 

pro"':idc -hi~ i f orma tion : 

1 . To d _t rminc the 

:ou- f br ~i( type'~ ( 100 ~rc nt 

va ilability o f shirts o f the 

otton , 60/4 0 cotton-poly s ter~ 
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65/35 polyester-cotton and 100 percent polyester) with equiv

alent fabrics and shirt style. 

2. To develop procedures for measuring the energy 

needed to wash, dry and press each of the four shirt types. 

3. To determine the differences between the energy 

required for maintenance of the four shirt types laundered at 

temperatures of 105°F and 120°F. 

4. To evaluate the comparative performance of the 

f o u r s hirt t y pes during normal \>lear on the hasis of param

e ters a ssociated with durability, appearance and comfort at 

t wo wa sh temperatures. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

For many decades energy has been priced at a level 

which encouraged consumption with even lower prices offered 

to consumers with greater usages. The consumer was not con

cerned wi th the price or availability of energy sources until 

the shortage fol lowing the 1973 Arab oil embargo and the 

critical gas shortage of 1977. 

Until man-made fibers became available for apparel, · 

home lau ndering was a relatively simple procedure . The wash 

load wa s cotton, there was little or no choice of deter

g~nts , and t he wash water was usually hot (120° -l50° F). (11) 

Morey and Shuck (16) stated in 1978 , t hat approx

imately 95 pe rcen t o f the direct energy consumed in launder

ing a load o f \vhi te or colorfast garme nts i s conswned in 

r a i s ing water temperature to desired temperatures . Condi

tions on ce c onsidered necessary were 140~F hot wash tempe r

atu re and 100° F warm rin s e temperature . The authors pointed 

out that o bviously the conserva t i on of energy requires lm

me diate scrutiny o f wash temperatur and its functional ef 

f_ ct on clean ' ng . 

Po lyzou ( 19 ) r ported l n Family Economics R view 
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that clothing and shoes comprised only 6.6 percent of per

sonal consumption expenditures during the first three quar

ters of 1978. However, clothing and shoes are purchased 

frequently and do require a great amount of care. 

Maintenance of apparel requires energy. As this 

is a repetitive procedure in the household, the total energy 

consumption in clothing maintenance is worthy of examination 

as related to 'household energy conservation. 

Acco r ding to Rudd (22), much inf ormation is avail

able on attitudes tovard or perceptions of the energy sit

uation . More research needs to b e dire cted toward areas s u ch 

a s clothing selection. Comparative energy cost of differ-

ent choic e s and performing tasks in di ffe rent ways were sug

ges tions f or r e s e arch. Information should be made available 

t o t he c onsumer by reducing findings to guidelines that 

peo p l can understa nd and use . 

Two studies _, which are reported belo-w·, illus trate 

that the d irection o f resea rch has changed over the la s t few 

years . ~~o decad es a go Ba rlow ( 4 ) presented a paper relate d 

to the compa r ative cost of several method s of laundering 

r si n - treat d and un t reated men ' s , cott on , dres s shirts . No 

allo~ance , ho ever , 'as made f o r d eprec iation o f the wa shing 

machine or for the cost of water , el ctri c ity , d e t r gent , 

starch , leach and labor for the hom l aundering me thod . 

With a ch nge in prioriti s , Mark ( 1 7), in 19 70 , 
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presented information on the cost of horne laundering. The 

findings were dependent on several things: the initial in

vestment in laundering equipment, the frequency of the use 

of the equipment, the required fuel and water, the rates 

paid for these utilities and the cost of supplies . 

.Z\.t present there are two opinions 1n rela tion to 

the energy requirements for the maintenance of wearing ap

parel . The Han-Made Fiber Producers Association (9) has 

published infonnation stating that cotton garments use sub

stantially more energy for maintenance than do comparable 

garment s from synthetic fabrics . This statement uas based on 

research whi c h compared moisture retention after a wash-spin 

cycle , drying time and touch-up ironing of different fabric 

types . 

Van Winkle (25) e xamined men 's white dre s s shirts 

1n comparing the energy used to maintain cotton , cotton

polyester blends and polyester . The cotton shirts were 

washed at hot wash/ho~ rinse cycle ; whe reas , t he polyester 

blends were washed at a hot wash/ cold rinse cyc l e . The re

sults o f the energy measurement part of this stud y revealed 

that , although 1 ss energy is r e qui red to produce cotton and 

to manufacture a c o tton shirt than is require d to mak.e the 

fjbGr and construct a shirt from polyeste , the a dvantag e i s 

J o~ t in t.he 've aring and maintenance cycl<-?s . Bas d on dur-

ability , the polyes te blend shirt , - s report d t o ha e a 
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lifetime of one and one-half times that of the all-cotton 

shirt. 

Wallenbe rger (26) reported results of a research 

study which indicated that in home laundering and drying, the 

combine d e n e rgy demand for 100 percent cotton fabrics is 

sev era l times higher tha n for 100 percent polyester or blends 

having a h igh poly ester content. The fabrics used ln his 

study were single Jmi t, T-shirt fabrics consisting of 100 

percent Dac~on polyester , 100 percent cotton (with and with

out r esin finish ) and 100 percent Or lan acrylic. Also, fab

ric blends o f various percentage s o f Dacr on, cotton, Orlon 

and rayon 1vere includ ed . As home lvashing and d rying lS re

peated 20 t o 50 times d uring the wear life of the fabric, the 

difference in the energy required t o launde r polyester v ersus 

cotton in 50 million households was reported to be equal to 

33 0 trill i on BT1 's annually . However , t he t wo hydrophilic 

c otton fabrics were laundered at 14 0b F and rinsed at 104oF. 

The man- made fibe r fabrics were l aundered a t 104 cF and r insed 

at. 54 °F . 

The other opinion concerning the e nergy ma intenance 

r equirements o f polyest r ve r ~.; us cotton is supported by in

f onr.ati on r leased by th - ational Cott on Coun il (7) to the 

eff ct that any comparison of en rgy consumption shou ld in

cluclf' i..h mr1int nance and durability of the g ann nt . Holv-

... ve l - , ma11} f·- . ors limit the w ar lif of garm nt other 
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than durability, such as whiteness retention, pilling and 

smoothness. Consumer habits influence both the amount of 

energy used in maintenance and length of wear life. 

The concern of the consumer for the appearance of 

apparel has been reflected in results of a shirt study re

ported by the editors of Consumers' Research Magaz ine (15). 

Seven bra nds of woven, "Na-tural Blend" shirts, w·hich had been 

e x posed to 52 laundering periods, were rated according to 

seam s trength , soil release properties, appearance, quality 

of construction and workmanship, shrinkage and tensile and 

t ea ring strength. Ratings for the tested shirts were re

ported by rank ing the brand names represented. 

The concern of consumers as \vell as manufacturers 

o f home laund e ring equipment has resulted in changes in de

sign s o f washing machines which wi ll assist in conservation 

of ene r gy . The editors of Consume rs ' Research Magaz ine (27) 

r e ported that s ome o f the changes which have been made are 

larger drum s izes , numerous wa t er level selections and re

c y clin g of h o t wa ter . 

Hirst ( 14 ) point e d out that the re is nothing con

sumc= r s can do to r e d uce fu e l cos t s , but they can control 

t h·s~ cos ts b} improving t he e f f icie ncy of fuel u s a ge . Two 

sugge s tions were made whi c h c ould b r ing abou t these chang .s . 

f 1 1 st , L~Je consL,mo r can c hange t he way i n wh i h exi s ting sys 

r_>n ~ s arc· ope r ated , such as chang s i n t he rmosta t settings · 



- 9 -

Secondly, changes must be made in improving the technical ef

ficiency of the equipment used and of the home in which the 

consumer lives. 

The Federal Energy Administration Act in 1974, and 

t he Energy Policy and Conservation Act in 1975, began to 

change the lifestyle of consumers. As a rE~sul t of these Acts, 

research has been directed toward collecting accurate and 

usable information to aid the consumer in energy conserva

tion. 

The Energy Policy and Conservation Act of 1975 

directed the Federal Trade Commission to issue labeling rules 

for t he energy efficiency of home appliances. Final approval 

of the labels came in September 1979, and black and yellow 

labels appeared on appliances in t he Spring of 1980. These 

labels provided information f or comparison shopping by dis

closing standard operating cost or energy efficiency. Claims 

made by manufacturers must be supported by test data result

ing from tests conduct~d in the energy department l abora

tories ( 8 ). This program is aimed at roughly 90 percent of 

the energy used in h omes . At first t he regulations will in

clude the manne r in which the appliance is to be advertised 

and marketed , but wi ll eventaully set mandatory ene rgy

e=ficiency standards ( 16 ). 

The washing machine industry has mad signi f icant 

contributions to energy conservation by recommending tha t all 



- 10 -

rinses be performed in cold water. No losses in cleaning 

performance have been observed through this procedure (16), 

( 6) • 

Hassoun (13) investigated cnaracteristics of fam

ilies and O\\rnership of home electric equipment as predictors 

of electric usage .. The information revealed a positiv e sig-

nif icant relationship between total, direct energy used and: 

household size, employment of horne manager, water heater 

types and number o f major appliances owned. Torres (23) 

stated that only 19 percent of the participants ln an ener~y 

rela t ed study could classify more than seven of 12 conwon 

home appliances by broa d wattage ratings. Awareness of \-ratt

age ratings is necessary in order to de termine the additional 

electrical demand t h3t is made by each appliance used. 

The consumer is faced with a wide variety of fab 

rics , soils and cleaning products. Morey and Shuck (16) 

noted that improved detergency, fabric developments and ma

c 11ine improvements wil enable acceptable laundering at lower 

energy consumption f or many families . The a uthors reported 

that the ultimate decision must be based on natural or real 

soil ~ewo al measured in an actual wear and wash sequence . 

Hovrever , they reported that th r a r heavily ~ oiled clothes 

1n ome r- mili s 'hich will continue to r quire hot water and 

-hue; high nergy consumption f o r acceptable cl aning . 

oodfin (2 8 ) in estigat d the inter. tion o f 
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detergent type, detergent concentration and laundering tem

perature in the removal of soil from standard soiled poly

ester, cotton and cotton-polyester fabrics. The most ef

ficient combination for cleaning both cotton and polyester 

fabrics ·was the use of the reconunended concentration of non

ionic detergents at a wash temperature of 160DF. The ad

dition of more detergent was found to be feasible only when 

hot water was used; higher temperatures were beneficial only 

when d e tergent concentration was "ample". 

The energy reduction potential in apparel main

t e nance in the area of household energy consumption is a 

cha llenge which must be met with improved detergency, ma

c h ine efficiency, soil-release fabrics and adequate consumer 

guid e lines . If the results of the research directed toward 

appa r el ma inte n a nce are made available to the consumer, the 

consumer will be able to contribute to the conservation and 

preservation o f t he ene rgy resources. 



sections: 

CHAPTER III 

PLAN OF PROCEDURE 

The procedure has been divided into the following 

1) description of the experimental shirts, 2) 

selection of the wearers, 3) wearing procedure, 4) laun

dering procedure, 5) energy measurement, 6) equipment, 

7) visual and physical evaluations and 8) data analyses. 

Description of the Experimental Shirts 

One hundred men's long sleeve white dress shirts 

of four fabric t y pes (100 percent cotton, 60/40 cotton-poly

es ter: 65/35 polyester-cotton and 100 percent polyeste r) were 

used as experimental garments ln the study. The fabric des

cri ptions are given in table 1. There were 25 shirts o f each 

o f the f our types ; 12 shirts of each type were laundered at 

each of the respective temperatures, a11d one was reserved for 

init i al evaluc:;.ti ons. The shirts were made of woven fabrics 

in simila r we ights . Particular details such as interfacings , 

thr a d , bu t tons and style were as comparable as pos s ible f or 

all fabric typ~s . 

S 1 ction o f th Wearers 

Parti ipants in this study in l u d d 48 male , white 
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Fabric 

Code 

1' 5 

2' 6 

3 ' 7 

4 ' 8 
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TABLE 1 

CONSTRUCTION DETAILS OF THE SHIRT FJillRICS 

Fiber Content 

100% cotton 

60/40 
cotton-polyester 

65/35 
polyester-cotton 

100% polyester 

Weave 

Plain 

Plain 

Plain 

T\.;ill 

Yarn Count 

Warp Filling-

124/in. 110/in. 

133/in. 69.8/in. 

134.6/in. 103. 8/in . 

118 .4/in . 95.2/in. 
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collar university personnel. All men selected were of med

ium build and average sleeve length as all shirts were pur

chased lll the same size to facilitate laundering of like 

loads. A partially balanced incomple~e block design was 

utilized in assigning two shirts to each participant. 

Wearing Procedure 

The shirts were coded as to fabric type, wash tem

perature and shirt number. This code was pennanently marked 

on the right front ta il of each shirt. 

The participants were instructed to wear each shirt 

for a minimum of eight hours be f ore returning it to be laun

dered . The shirts were examined and treated f o r stains, 

washed and evaluated before they were returned to the wearer 

for additional wear . This plan continued until all shirts 

had been exposed to 25 wear/ laundering periods . 

Laundering Procedure 

Laundering was accomplished cts recommended in \·.rash

lng conditions I and II of AATCC Test Method 143-1975 (1) . 

T lve shirts o f each type were laJndered together for each 

of the t o temperiltures being nployed . 

In pre paration for lau~dering , each shirt was 

chP.c'ked -or heavy s oiling stains . Stains were pretreated 

1,.: i t . '1 a p s _ of equal parts of laundry det. rgent and water . 

: :tc'~ prE'tre tmRnt , t h det rgent pas'l..~ was w s h d out o f the 
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shirt. All of the shirts were sprayed with Spray-and-Wash 

on the collar, inside of neck band, cuff edges and any other 

heavily soiled areas. 

rrhe wash cycle \vas set for twelve minutes, and 

12 7. 8 grams of l~.ATCC #124 detergent with b r ightners was used 

in each wash load. The wate r level was set on high, and the 

p e rmanent press c y cle was selected for the laundering cycle. 

The shirts "YJere removed immediately afte r the wa sh 

c y cle \va s CO!rtpleted and transferred to the dryer . The dry2r 

wa s set for the p en11anent press cycle \vi t!l a cool down ending 

c y cle. Th~ 11 normal dry" setting was selected in o r der to 

u tilize the moist1.1re sensor in the dryer t o measure~ drying 

t i me f o r each fabric type. 

Afte r the drying cycle was completed , ·the shirts 

we r e r e mov ed , marked and placed on a wire hanger f or eval-

u ati o n o r f o r pres sing a n d red i stribut i on. Any pr~ss.:!.ng- that 

" a s r e quire d to p r ov ide at leas t a 4 . 0 dt;rable press value 

\\Tas don e by me ans of a h a nd iron . 

En rgy Me a s u rement 

El e ctri c m t e r s p r ovid e d by the Ci ·ty o f De n t nn \vere 

used to Jr.eas· r8 t r e amou nt o f n , _~gy used to wash , d ry an d 

press t h ~·h lrt. s a nd o heut th \\7 a s h vlate r f o r Lh_i ·s we ar/ 

lu 1 1 .c: r.:r i n g st.uuy . The mG tG r r cvolu t.ion s were cou n ·t ed and ·t l12 

f o 1 Jo · _; ng form~ la , s'..lp_ li ed b y t . 12 City o f D._ n t 0 n o:C f ici.a l ~ 



- 16 -

Mr. Jo~1 Goldman (12), was used to calculate the kilowatt 

hours used. The energy cost of operation \vas obtained by 

using $.04 as the average cost per kilowatt hour in the City 

of Denton at the time this study was conducted. 

Formula: 

3.6 
1000 

x No. of revolutions = watt hrs. = 
1000 

kilowatt hrs. 

Kilowatt Hours x $.04 =Operation cost 

The hot water heater thermostats were adjusted to 

y ield water at a temperature of lOS~F. Then the water was 

drained from the hot water heater and refilled with tap water. 

The amount o f energy necessary to heat the 40 gallon tanl~ of 

watG r to 105°F was recorded as the number of meter revolu-

ti ons . Since the wa s h cycle used 23 gallons, 58 percent o f 

the total k ilowatt hou rs used by the water heater was consid-

ered t o be the amount of energy required for the heating o f 

the water . Thi s proce dure wa s repeated for the other tem-

pe rature o f 120°F. 

'fhe d ryer l i nt trap was cle ane d, and the dryer was 

pr heated five minutes befo re the shirts we re put into t he 

dryer . The r evolutions of the meter required to d ry 12 

si1i rts o f each fab ic type 'ivere counted and recorded . 'The 

moistu r s nsor \ as used to determine vhen each f·bric typ~ 

"·as dried . 
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The washing machine energy requirements were mea

sured by recording the number of meter revolutions required 

to wash a load of 12 shirts. The energy requirements for 

the iron were measured after the iron had been preheated for 

two minutes. As the meter revolutions reading was so small 

for the pressing of one shirt, six shirts of the same fabric 

type were pressed on a continual basis in order to calculate 

the time and energy requirements per shirt. 

Equipment 

A domestic \vashing machine as specified in AATCC 

Test Method #124 was used for all launderings. The design of 

t his mach i ne included an extra large 2.71 cubic foot washing 

d rum , t wo wa s hing agitator speeds and two spin speeds. The 

rin se con s i s t e d of a power spray rinse and an agitated deep 

rinse . 

Two t umble spe eds and a permanent press cycle with 

an automatic c ool down we re t wo of the features of the se

lected dryer , which wa s a domes tic, Hhirlpool LDE with a 6.9 

cubic foot drum . This model was e qui pped wi th a moi s ture 

sensor with three d ryness se l ecti on s. 

Individual electric meters were u sed f or the hot 

\\r ater heate r , \\rashing machine , dryer and iron as a me ans o f 

mc<:1sur i ng the amount of ene gy required during t he refu r -

hishi ng o f t.he shirts . Meter r evolutions wer ounted and 
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converted to kilowatt hours. 

A Sears hand, steam iron was used for necessary 

pressing, with a setting of #3 Permanent Press. Water heat

ing for the two wash temperatures was accomplished with a 

40 gallon Rheem electric hot water he ater. 

Visual and Physical Evaluations 

During the course of the study, the shirts were 

evaluated with regard to parameters that were important to 

the consumer at intervals of 0, 5, 10, 15, 20 and 25 wear

lngs . The vi s ua l evaluations made after each \<lear interval 

included s oiling, durable press, broken yarns, pilling and 

whiteness retention . 

After the visual evaluations were completed, phy

sical t es ting was performed which included brea·king strength, 

a i r pe r meability , absorbe ncy and electrostatic build-up. 

Specimens f o r the te s ts performe d after the terminal wearing 

an d washing ~ere c u t from the shirts as indicated in fig. 4. 

All s pecimens were teste d under standard conditions spe2ific 

to the test conducted . 

So i ling 

Prior t.o each five l aunder i ng pe r i o ds , t he shi r ·t3 

.rhi ch h d be n ·orn ere rated by vi ·ual examinati 0n a ccord

ing o t.l·JeiJ d gree of s o iling . Eacll .~hi r-t -wa check d by 

<.1 t e chnician who ras le ·-.ed aha e the shirt.s by the? u se o f 
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a high stool. A fluorescent light, which was 18 inches 

above the shirt, was the light source. The degree of soil 

on the collar and the overall appearance of the shirt were 

ascertained in determining the assigned rating. 

The amount of soil was rated according to the fol-

lowing scale as used by Roch (20), Turner (24), Ball (3), 

Roemhildt (21) and Calvert (5): 

Rating 

5 

4 

3 

2 

1 

Description of Soiling and Staining 

Clean all over; no visible spots of 
stains 

Light soil; small oil stains; pencil 
and ink marks or other discoloration 

Medium soil; medium-sized or many 
oil, food or earth stains; shoe pol
ish; small permanent stains 

Dirty overal l; localized ground-in 
soil; large oil stains; splattered 
paint; persis tent discoloration 

Heavy soil; di rty oil stain; large 
or many pa int sta i n s ; other pelu1a
nent, unsightly di scolora.t.i.ons. 

Durable Pres s Appearance 

The durable press appearance of the shirts was de-

termined by the AATCC Test Method 124 -1973 (1) a f ter each 

five wear/ laundering periods . After removing the shirts f~om 

the dryer , each shirt was placed on a wire hanger . The top 

button was buttoned , and the shirt wa s allowed t o hang f o r 

t·,.·o hou r s befor b eing evaluat d . Th durabJ. _ press 
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appearance was rated individually by three panel members in a 

semi-darkened room with walls draped with black-out curtains 

to eliminate any possible light reflections. A fluorescent 

overhead lighting system provided the lighting for the shirt 

evaluations. The shirt on a wire hanger was hung on a hook 

on a viewing board below the light. The back of the shirt 

f aced the evaluator with AATCC Photographic Standards for 

smoothness placed on ei t .her side of the shirt. Each of the 

three evalua t ors stood four feet from the viewing board and 

c ompared the smoothness of the shirt with the standards. 

Broken Yarns 

A prel imina ry examination was made on each shirt 

befo re they were assigned to the wearers . Fabric flaws, 

ruptured yarns and slub yarns we r e recorded. After every 

five laundering periods , t his examination was repeated a nd 

the findings recorded . At e ach evaluation period, a d if 

ferent color of ink was used to mark the di agram represen

tative of the front and back views, sleeves and c ollar of 

the shirts ( figure 1 ). When holes and tears were observed 

in the shirt between the evaluation periods , these yarns 

wer counted and recorde d . Any damaged area s were mende d , 

and the s hirt wa s returned t o circulation . 

The examinations wer _ p rformed ove r a light box 

vli th t he aid o f a Suter yarn count r . Add itional light was 

pro·rj dcd by a n overhPad f l1 oresc nt lighc placed 15 inches 
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0 

[-
0 

0 

Fig . 1 . Illust ti on o f shirt parts used for recording 

broJ-cn yarns . 
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from the light box. 

Pilling 

A pill was defined to be an accumulation of fibers 

which v..Tas attached to the fabric by another fiber. A bl a c·k 

plastic plate with four one-inch holes was centered over the 

right side of the collar and neck band seam at the center 

back of the shirt (figure 2). After the shirt was placed 

over the light box , a technician counted and recorded the 

number of pills wi thin each opening . A pick and a magni fy 

ing glass aided in the observation. 

Whiteness Retention 

Each shirt was evaluated f o r whiteness retention 

initia lly and after each five wear/laundering per i ods. A 

Hunterlab Model D-40 Re f lectome ter was used to determine the 

whiteness retention o f the shirts according to AATCC Test 

Method 110- 1972 ( 1 ). 

Reflectance readings were made in the f ollowing 

five areas o f each shirt : center back (below yoke ), center 

back (waistline ), center front (waistline ) and sleeves ( right 

and left upper front ). 

Air Permeability 

The four area of the s hirt se lected f o r air per -

me bility t sts r _; : center back (waistline ), right fron t 



Fig . 2 . 
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Part A 

8888 
-----

Part B 

Part A. Patt rn used for pilling evalua t i ons . 

Part B . Di gram of shirt coll~ r indicating areas 
wh rc pill s w re count .d . 
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(waistline), left front (underarm) and left sleeve back (un

derarm (figure 3). 

The falling cylinder method, Federal Test Method 

5452 (10~ was employed to measure the rate at which a1r 

passed through the specimen. This was determined by the use 

of a stop watch to measure the time necessary for the divi

sion marks on the inner cylinder to pass the upper edge of 

the outer cylinder. Air permeability values were the aver

age o f the specimen readings, and were reported to the near

est second. 

Breaking Strength 

The grab method, specified by ASTM Designa·tion: 

1682-70 ( 2), was used to detennine the brea·king strength of 

the shirt fabrics. Five warp and five filling specimens 

which measured four inches wide and six inches long were cut 

on the straight of grain (figure 4). An Instron Tensile 

Tester was used to measure the number o f pounds of force re

q u ired to break the specimens for each shirt . The results 

were reported to the nearest 0.1 pound. 

Absorbency 

The absorb ncy data o f the f our fabric t y pes were 

collec e d by the us o f AATCC Test Method 79-1975 (1). The 

s hirts re xposed to st~ndard ~onditions prior to conducting 

t he t st . The tail o f th . shirt , approximct ly two i n ches 
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0 

0 

0 

0 

Fig . 3 . Locations on he shirts for alr permeability t e sts . 
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from the hem, was stretched taut in an embroidery hoop and 

placed on a stand 3/8 inch below the tip of a burette which 

had been filled with distilled water. The burette was ad

justed to deliver one drop of water every five seconds. Each 

drop was observed until it was completely absorbed and reg

istered no light reflectance. Five readings were taken on 

each shirt and recorded to the nearest one-tenth of a second. 

Electrostatic Build-up 

AATCC Test Method 115-1977 (1) was used to eval

uate the electrostatic build-up of the experimental shirts. 

Six specimens, three warp and three filling, were cut from 

the upper sleeves of each garment (figure 4) . A metal plate 

was used to simulate the charged surface of the human body. 

The fabric specimen , after being de-charged with a 500 micro

curies Staticmaster Ionizing Unit, was attached to the stand

ing metal plate with a clamp. A piece of nylon test fabric, 

stretche d over a block o f wood , was used to develop an elec

trostatic cha rge . The time required for the charge of the 

fa bric spec in1en to deteriorate enough for t.he gravitational· 

forces to intervene and pull the specimen away from the meta l 

plate 'as measur d and recorded to the nearest one -hundre dth 

of a. minute. 

Th 

Data Analyses 

xperimental design se t d was a partially 



Key: 1. 
2. 
3. 
4. 
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Grab breaking (filling) 
Grab breaking (warp) 
Electrostatic build-up (filling) 
Electrostatic build-up (warp) 

Fig . 1 . Illustration of front , back and sl eve of shirt 
shu ing lo ation of t s spe iMens . 
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balanced incomplete block design. This design was selected 

because of the preset number of wearers and shirts; each ln

di vidual \\rearer constituted a block; each block contained thE: 

two "treatments". Certain of the fabrics occurred together 

in some blocks; others did not. Nevertheless, analysis per-

mitted comparison of fabric types washed at the same temper

ature and at different temperatures. Bonferroni's Test was 

uti lized to determine significant differences at the 0. OS level 

of probability that existed when the treatments were com

pared. 

The broken yarn data were analyzed separately by 

presenting totals and comparing simple means, as the broken 

y arns we re a combined total of broken yarns resulting from 

tears and abrasion. With few exceptions the soil ratings 

were all rated as f ours (fiv e is maximum); therefore, these 

data were also totaled and averaged for presentation. 

The final two evalua tion tests, breaking strength 

and electrostatic build-up , whi c h were de s t r uctive t o the 

fabrics were not suitable for the block design, as four 

shirts from each fabric type were retained for furt her wear -

1ng . These results were analyzed with a one - way analysis o f 

variance , and significantdifferences were calculated using 

e man -Keuls 1ultiple Comparison Test . Comparisons were made 

be tw~en the four fabric types wash d at the two wash t roper-

ai-_ ures . 



CHAPTER IV 

PRESENTATION OF DATA AND DISCUSSION OF FINDINGS 

One hundred men's white dress shirts were purchased 

for experimental testing in order to evaluate the energy cost 

requirements for the four fabric types represented: 100 per

cent cotton, 60/40 cotton-polyester, 65/35 polyester-cotton 

and 100 percent polyester. Each shirt was worn and laundered 

2 5 times . Visual and physical tests were performed to deter

mine the durability and appe arance of the shirts after 5, 10, 

15, 20 and 25 wear/laundering periods. Data collected from 

tests for absorbency, electrostatic build-up and air perme

abi lity were included to provide information concerning the 

comfort fea t u r es o f the f ou r fabric types. 

Energy Measurement 

The energy cost figures (table 2) are based on 

averages taken when ou t sid e temperatures va ried during the 

cou r s e of thi c· study . Twenty -three gallons o f water we re 

us d per was h cycle . A c o ld rinse was used f o r all f abri c s ; 

there~ore , this vas not a factor in the en ergy c o s t as i n 

other studies 25 ), ( 2 6 ). Table 2 shows that the average 

c u s t to heat 23 gallons of water from the average initial 

emperature of 77 ° F ( standard devi ti on o f 5 ) to 105 oF 

- 29 -
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was $.0838 and to heat 23 gallons of water to 120°F was 

$ .122. The energy efficiency of the electric hot water heat

er was calculated using the initial average tap water tem

perature (77°F) during the duration of this study. In rais

ing the water temperature to 105°F, the hot water heater had 

an efficien cy rating of 85 percent; whereas, for a 120°F 

reading the efficiency rating was 89 percent. Regardless 

of the fabric fiber content, the washing machine operation 

cost f or washing 12 shirts was $.077. The average costs to 

operate t ·he clothes dryer for 12 shirts were: 

100% cotton shirts $.09 

60/40 cotton-polyester shirts $.07 

65/35 polyester-cotton shirts $.055 

100% polyester shirts $.06 

The drying cos t per shirt was less than one cent, 

regard l ess o f f ibe r content. The 100 percent polyester shirt 

fel t wet when r emoved f rom the washer which might account for 

the c ost being more tha n f or the 65/35 blend. 

were : 

- s 

The c osts o f press ing 12 shirts of ea c h fabric type 

100% c otton shi rts $.012 

60/ 40 cotton - po lyester s hirt s $.006 

65/ 35 polyester - c o ·t ton shirt s $ .007 

100% polyester shirts $ . 007 

The cos o f press ing twe lve all - c otton shirt s 

.wice the cost for pressing the 100 per~ent polyes t er 
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shirts; however, the small cost of energy for pressing is 

obvious when the cost of the 12 shirts is divided t .o reveal 

the individual cost of pressing one shirt. As noted 1n 

table 2,the unit costs for refurbishing the shirts in this 

study did not agree with results of previous researchers 

\vho reported that cotton garments require "substaritially" 

more energy for maintenance than do comparable garments of 

synthetic fabrics. 

Soiling 

The mean soiling values of the shirts observed be

fore the S, 10, 15, 20 and 25 laundering periods are shown 

in table 3. As most shirts, with few exceptions, received 

a rating o f f our or better out of a possible five, the de

g r e e o f s oiling was not found to be important in this study. 

Resul t s r eveale d no obs ervable soil accumulation at either 

tempe r atu r e on a n y of the four shirt ·types examined; however, 

the 100 perc en t p o l yes t e r s hirt r e gistered tLe lowest. value 

of t he f our shirt s at t he fi n a l ev alua t i on period at both 

temperatures . 

Durable Press Appearance 

The appearance o f 96 men ' s hite shirts laundered 

at 105° F or 120° F wash temperature were evaluated by a pane l 

o~ three textile spec ial ists according to AATCC pro cedu.re a"l::. 
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TABLE 3 

MEAN SOILING VALUES OF THE SHIRTS OBSERVED BEFORE 
THE 5, 10, 15, 20 AND 25 LAUNDERING PERIODS 

Wear/Laundering Periods 
Fabr ic Code a 5 10 15 20 25 

1 4.1 4.0 4.0 4.2 4.2 

2 4.3 4.0 4.0 4.2 4.2 

3 4.5 4.1 4.1 4.1 4.2 

4 4.2 4.1 4.0 4.0 4.0 

5 4.1 3.9 4.0 4.0 4.1 

6 4.2 4.1 4.2 4.2 4.1 

7 4.2 4.1 4.0 4.0 4.1 

8 4.0 4.1 3.9 4.2 3.9 

a 

1 100% cott on 5 
2 60/4 0 c otton-polyester 6 
3 65/ 35 polyester- c otton 7 
4 100% polyester 8 
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5, 10, 15 20 and 25 wear/laundering periods. The mean dur

able press values of the eight shirt codes are presented in 

table 4 and figure 5. The all-cotton shirt received the 

lowest value of the four shirts at both wash temperatures; 

however, their smoothness improved after the 20 wear/laun

dering interval. The durable press value of the two blended 

shirts and the 100 percent polyester shirt registered sim

ilar high values at both temperatures. Although the value 

for the all-polyes ter shirt was second at both wash temper

atures at the five wear/laundering evaluation period, the 

value continued to decline and was third highest by the 

final wear/laundering evaluation period. The 65/35 poly

ester-cotton shirt had the highest durable press value at 

the first evaluation period of all of the four shirt types. 

This shirt maintained this throughout all testing intervals 

at both wash temperatures. 

Results of Bonferroni's Test are presented in 

table 5 . There were significant differences between the dur- -

able press values o f the all-cotton shirt and the other 

three fabric types at both 105°F and 120cF wash tempera

tures at each of the five evaluation pe riods. 

Smaller significant dif ferences were noted after 

fiv and 15 wear/laundering eva11 ation periods at the lOSoF 

~ash tern e ratur . At th five laundering period , the 65/ 35 
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polyester-cotton shirt showed a slightly better smoothness 

appearance than did the 60/40 cotton-polyester shirt. The 

65/35 polyester-cotton values again showed positive sig

nificant differences when compared with the durable press 

values of the 100 percent polyester shirt following the 

15 wear/laundering period. Only one significant difference 

was found among the four fabric types when laundered at the 

l20eF. This difference occurred at the terminal test inter

val when the 65/35 polyester-cotton was found to have a 

smoother appearance than the 100 percent polyestEr shirt. 

At three evaluation periods, 5, 10 and 25 launder

lngs, the significant differences between shirts supported 

the fact that the 100 percent cotton had a superior dur able 

press value when washed at the 120°F temperature. At the 

higher temperature, after the 10 wear/laundering period, the 

65/35 polyester-cotton shirt and the 100 percent polyester 

shirt received a significantly better smoothness score than 

did t he identical fabric refurbished at the lower temper

atur e . 

AlthoJJ.gh signif icant di fferences were found a t var

ious testing periods , the graphic illustration in figu re 5 

shows that durable press appearance did not change not ice

ably after the fi~st evaluation period regardless o f the 

wa~h t mperature . The two cotton-polyester blends cl&i~ed 
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Key: 100% cot. ton 

60/40 cotton-polyester 

65/35 polyester-cotton 

100% polyester 

105° F c_ 
X . -::::-:.- :;::::g- ~ ~ ---- .-..;..--- - -.a-.-. ___ .. --. -:;- c:::.r'- ~ --=---

0~---L------~-------L-------L--------L 
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Fig . 5 . M an durabl press values of the shirts afte r 
5 , 10 , 15 , 20 and 25 wear/laundering periods at two wash 
tern e ratur s . 
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first and second values; whereas, polyester was third, with 

cotton fourth. 

Bro·ken Yams 

Table 6 shows the total number of broken yams ob

served in the warp and filling directions of the shirts at 

each wear/laundering evaluation period. The grand total 

appears in the last column. A statistical analysis was not 

applied to these data as they are a combination of broken 

yarns caused from abrasion and tears. A few tears that were 

noted appeared at the waistline where the shirt buttoned 

over the stomach and may have been caused by stress (fig

ure 6). The tears occurred on the all-cotton shirt and the 

60/40 cotton-polyester shirt. The all-cotton shirt had the 

largest number of broken yarns; the blends r eceived the two 

mi ddle places; the all-polyester shirt had the fe\vest number 

of broken yarns. Although snags and pulls were not consid

ered a s brok en yarns, they did affect the appearance, as 

shov.rn pictorially in figure 7. 

Pilling 

The mean pilling eva luations made on shirt collars 

and neck bands are recorded in table 7 as the average number 

of pills counted for each f~bric type . Figure 8 depicts a 

0 . 0 to 0 . 3 range for nurnb2r of pills counted f or the 
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Fig . 6 . A pictorial xample of a tear observed on a 

60/ 40 cotton-polyest r shirt . 
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Fig . 7 . A pictorial example of snags obs rv d on a 100 
percent polyester shi rt . 
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Key: 

I 

100% cotton 

60/40 cotton-polyester 

65/35 polyester-cotton 

100% polyester 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

x.-
1 -

"u-. -·-a......_ 

-~ 

- .._0 II 
!;' 

;: · 
-// -- - - -A- ·- -
l~-----0 - -~ - .C.~·----6 

r 
...J 10 1 5 20 

umber o f Launderings 

.J.. ,. 

2 5 

0 -o 

~- - --~ 

o-· -o 

x--x. 

Fig . 8 . 
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an pill ing v lu o f -he shirts af t r 5 , 10 , 
e r / 1 undering periods t 105 oF 1-lCJ.Sh t empe r-
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all-cotton and 60/40 cotton -polyester shirts at the lower 

temperature , as these two shirt types produced fewer pills. 

The larges t number o f pills counted fo r an evaluat ion period 

1ve r e observed on the 65/ 35 po l yester-cotton blend at the 

s econ d eva l uation period . The number of pi l ls counted on 

this shirt type d e clined in the final t1v-o evalua tion periods. 

At the lower tempera t ure ev aluation pe riods , the n umbe r of 

pil.ls counted on the 100 pe rcent polyeste r s hirt.s continued 

to increaoe as use - launde rings increa sed with the 20 wear/ 

laundering period bein g the pea"k. Thi s s hirL wa s highe s t ln 

nw ber n f pil l s c oun ted at the 25 wea r /l a unde ring peri od 

,.,.~hen compared t o t he o ther t hree shirt t y pe s. 

'l'abJ e 7 and figt~ :re 9 report in f orma tj on obtai11 c d at 

the five e--•raluation pe r iod s f o r t he shi r t s wa sl--1ed dt 120°F. 

The two low st num~er o f pil l s we r e r ecord e d f o r 6 0/ 4 0 cot 

ton - poly :3ter and 100 pe r cent cot t on shi rts . The 6 5/35 

bl ~r had the most pills at 5 , 10 , 15 and 2 0 wea r/laundering 

p~ riods , but the higl1est numb(~r of pil l3 h'er'-= c ounted on t he 

100 ?er en t polyester shirts in the f i nal eva l uation period . 

A cunti .ned increase in pi l ling at Each w~,a r/laund ~ ring 

p01:iod \,Js cbserved on th~ 100 percent polye~~ t.er s _hjrt .. 

Significant d iffer~nc _ s between pilling va l ues of 

t.hc 100 pcrcert cotton and the 60/ 40 cotton-po lyester shirts 

2 vs L1 ) and t.he 100 per ?n t polyester shirts 
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Key : 
100% cotton 0 0 

60/40 cotton-polyeste r D.----A 
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100% polyeste r X- --X 
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occurred at the last three testing intervals when laundered 

at 105°F . This denotes that the 100 percent cotton shirts 

\vere better relative to pilling than were the 100 percent 

polyester s hirts. The 60/40 cotton-polyester shirts \vere 

also better relativ e to pilling than were the 100 percent 

polyester shirt s . At the 20 and 25 wear/laundering per·iods, 

the 65 / 35 po lyester-cotton shirts (3 vs 4) had significantly 

fewer pills than did the 100 percent polyester shirts when 

washed at the lower (105D F ) t empe r a ture (table 8 ). 

Comparisons made b e t ween the pilling values of the 

shirt s when ~ashed a t 120°F r evealed s ignifican t differences 

bet\·.- C?en the 100 percent cotton and the 65/35 polyE:s ter-co·t ton 

(5 vs 7) after the tenth launder ing and between t he 100 per

cent cot~ to1 ~ and 100 percent polyester ( 5 vs 8 ) shirts after 

the final Hear/ laundering period . These findings demonstrut.e 

cotton ' s superiority over the other fabrics inves tiga ced in 

r esis tajJ.Ce to pilling . 

Comparisons of the pilling v~lues o f the blGn de d 

fuhrics di sclos d significant diff ..:. rences l.Jcthreen Lhc 60/ 4 0 

cotton-polyester and the 65 / 35 polyest~r-cott.on ( G vs /) 

aft r the> 15 : 20 and 25 w - ar/ launo. ring periods and bet-v.reen 

Lho 60/~10 c otton -polyester blend and 100 p _rcen t. po.ly~ c: ter-

( C ·s 8 ) after t he final wauhing . The r _sults again illus -

t r c~ t ·- t h em rkabl~ ability of ro L~on to r sist pilling . 
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Comparisons of identical shirt f a brics washed at 

the two s elected temperatures also were made with respect 

to pilling values. Results revealed no significant di ffer 

ences between any of the experimental fabric types washed 

under t.he two different temperatures un·til after the 20 \'-lear/ 

laundering pe r iod. At both the 20 and 25 washing pe riods 

the pj_lling values of the identical 100 percent cotton shirts 

diff~red signifi c ant l y as did the dif ference bet\•reen the 

identjcal 65/ 35 polyester-cotto n shirts . On ly one signif

ic;::nt difference between the ident ical shi r t s of 60/40 cot

ton -- polyes t er o ccurred and this wa s after t he final \vash

l n g . 

Re su lts o f pilling value analyse~ s howe d thRt the 

a2. 1 - cotton and 60/ 40 cotton-polyes t er blend s hirts developed 

ve r_}' feH pills throughout t he study . I r.t s ome c o:npari son s 

t he 65/35 poly e s ter-cotton shirts and the 100 p ercent poly

es ·t r s hi rts Her not s~gnifi cantly higher in n umber o f pills 

than '"e _ e the oth r experimental fab1: ics , but the .se fabrics 

consi_stenly registered the greatest number of pills at each 

c -aluaLi on pe riod . Pictorial examples of obse1.---ved pills on 

these t·, o fabr i c t ypes appear i n figu res 10, 11, 12 a.nd _,_3 • 

·t~nti on 

Tabl 9 sho' s the m an \vlli tcness .re ten t j on v a J.u ::. s 

~F - tLc· shirts ini t i lly dnd at spc i~icd usc -- l aunder ing 
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Fig . 10 . A pictorial example of pills observe d a f t e r 
25 wear/ laundering periods on the collar o f a 65 / 35 poly 
est r - cotton shirt washed at 105 eF . 



Fig . 11 . A pictorial 
2 5 wea r / laundering periods 

cent p o lyester shirt washed 

55 

example of p i l ls obse rved after 
on the s hirt f r on t o f a 100 per-

t 105 " F . 
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Fig . 12 . A pictorial xample of pills observed after 
2 5 wear/laundering periods on the shi rt fron t of a 100 per-
cent polyester shirt washed at 105 °F . 
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Fig . 13 . A pictorial example o f pills observed after 
25 wear/ laundering periods on the shirt front o f a 100 per-
cent polyes er shirt washed at 120 oF . 
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periods and graphically illus·trated ln figure 14. As v.Tc;.s 

expecte d the whiteness retention values of the four fabric 

types nsuaJly decreased as the wearings and launderings in-~ 

creased wi t h three exceptions. The 60/40 cotton-polyester 

showed a V(~ ry s light increas€ in \vhi teness retention af·ter the 

fifth a nd t:nR final laundering at the 105 oF temperature and 

aft _r t he twen t i eth laundering at the 120°F temperature. 

Table 10 s hows results of Bonferroni's Te s t for 

signi fi c c=tn t di ff erences between t.he whi t eness retention 

·-alnes o f the s hirt f abric types initial ly and at each spe c·

i ::ied t e s t i n g p e riod when wa s hed a~c two temperatures. Hhen 

t.he a l ]_- c o tton ~ 1 i r t .s 1vere compared vii·th the 60/40 cot·tor.l·

p o lyes l:er :-:->h i r t s ( 1 v s 2), th~ 65/35 polyester- cot·ton shir ·~~s 

( 1 v s 3 ) cu1d t he 100 p e rcent po lye s ter shirts ( 1 vs 4 ) at t:.he 

105 oF t emper ct--'L ure, sign ificant dif fe r e n c es occu rre d bet\ve E:-r-1 

: ht? -v; h i.·-en 9 s c; re._en·\.: i on valu P- s a t all test-in g inte r ,t a.J..s ex 

cept_ at the 20 laund eri ng p e ri o d \·/hen Gtl J. -cotton shirt.s \vere 

c...om p;-)rc:d ·,· .:._ t. .t1 t .h c C)0/ 4 0 c ott.. o:-1 po l y e s t e r s h i rt s . The \1 : 1i te

nE s s rct_eY~ t i c. .... va lues o f the 6 0/~ 0 cott on- polyes-t e r shi rts 

,erA s ignif.! c c: 1-~ • .-ly ci. J.ff c r_r..t f :r om tho._e o f the 6::-J/3 5 po ly 

es -t e r - co t · r. ·n an d thP 100 p rcc nt p ol y este r s h ir t ::> t1.t all 

c~'r o J.u r- i .ior1 pe r i ods \ ·Jhe1 j wa shed at t h e l ower t mpera t. tr e . The 

GS/ 35 poly e ._1- r!r - cotton ..::. hirts d i .:re red signi fi can t l y in 

,,. ,1i t nPss c;t_ .... tion frow t h _ 100 pc~rr. _nt poly _ste r shirts 
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after 10, 15 and 25 wear/launderings at 105°F . 

When the four fabric types were washed at the 

high~r temperature (120cF), sicnifi cant differences between 

whiteness retention values of the 100 percent cotton shirts 

and the othe r three fabric types were note d at all testing 

intervals except bet\veen all-co-tton and 100 percen-t poly

ester fabrics at the 20 laundering period. Comparisons be

t:.ween the 60/40 cotton-poly·e ster shirt fabric and both the 

GS /35 polyester-cotton and the 100 perce nt polyester fabrics 

R~vea ledsignificant dif fe r ence s in whiteness ret ention at all 

six evaluation periods. Significant differences between the 

whiteness values of the 65/35 polyester-cotton shirts and 

the 100 percent polyester shi rts also were noted af t er 10 

and 15 washings at 120°F , 

Results o f comparisons made betwee n ide ntical 

shi rts of the four fabric types laundered at the t\·Jo temper

atures disclosed significant differences between the white 

ness retentio1 values of 100 percent cotton at the initial, 

third, fifth and final tes·ting intervals . Shirts of 60/40 

cotton-polyester differed si~1ificantly at the ini tial, 

third ancJ final evaluation p '2riods, whi l shirts of 65/35 

po1y stcr - cot·ton v er significantly di ffer nt at the initial , 

-lhi d , fourth_. fifth and final te ting p riods . The 100 per

c e nt poly ~ ter hirts differed significa ly in whi~eness 
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retention after 10, 20 and 25 washings. 

P. .• n overall examination of the data did not show 

any one fabric type as being consistently dependent on a 

higher tempe r ature in order to retain whiteness. With the 

lowe r v.rasl1 ing tempera ture, the 60/40 cotJcon-polyester and 

the 100 percent cotton shirts maintained the two top values 

throughou·t the study . Even though all four fabric types 

decreased in whiteness values when laundered at the higher 

temperature , t he 60/ 40 co·tton-polyester a nd 100 percent cot

ton shi r ts retained t he two top highest whiteness retention 

va lues at a ll five evaluation periods (figure 14). 

Air Permeabilit_y 

The abili t y o f air to pass through a fabric is re

lated to many factors , such as yarn count and structure, fi

ber content, fabric cons truction and/or tex tile finishes . 

The measurem _n t s of air perrneability vlere conducted both from 

·che outside to the inside of t he qarment an d f r om tne in s ide 

t o the ou tside . As t he meas~rements showe d no di fference 1n 

regr:1rd t o the direction in wbich t he t es ts were concucted ~ t he 

readings ,rere grouped together a s u.ir penneabil i ·ty ralue s . 

The f inding3 rE"~ l~t-ed to air permeabi l.i ty of the: s llirts a re 

s ho, .. rn in tables 11 and 12 and figure 15 . 

The . 1ean valu s 1n s .c ond s of the f our fRbric t yp s 

n~e o SLt !" C d initially and after 2~ we r / 1--undering periods a t 
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two temperatures are presented 1n table 11 and graphically 

in fig ure 15. The J.OO percent polyes ter central s hirt re

quire d the l e ctst amount of time for air to permeate . 'JII1e 

65/35 polyester-cotton shirt requir e d the second least 

amount of t ime ; while t he cotton was third, and the ble nd 

1:itb the h i gher percentage o f cotton \vas Eo urth. 

After t he shirts had been expo sed to 25 wear/laun 

dering periods , a pattern _among t he f ou r f abric types was 

E:'s -l:.abllshed t hat \va s ev ident at both ·the ten.~erature s . The 

blend with the higher percentage o f polyester was first , as 

it required the least amount o f time f or air to permeate 

the fabric . The 100 percent polyest er was second in air per

meability t ' me ; whereas , the 6 0/4 0 cotton-po l yester shirt was 

third in the .fe\vest number o f seconds required f o r t:.hls 

~alue . The 100 percent cotton shirt r e quired the longest 

time in a1r permeability values . 

All 16 fa.bric t ype comparisons res'vl l t .ed 1n sign if

i cant diff21 1. ces b etween air penneabili t.y values as note d 

in table 1 2 . At the 105°F wash temperu. ·tur ·: , t he air perrnea 

bility valuc-:s of the 60/ 40 cotton-polyf_st:.er , t..he 65/35 poly-· 

ster- cotton o.r..d t.h 100 percent polyester sl-d r ·ts ( 1 vs 2, 

1 vs 3 , 1 vs 4 ) we re significantly low r than hat of the 100 

percent cotton shirt . Both the 65/ 35 poly ste -cotton and 

tl:e 100 p ::... rcc nt poly .st r ( 2 ',::, 3 , 2 vs 4 ) requir d 
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TABLE 11 

HEAN AIR PERHEABILITY VALUES IN SECONDS OF 'I'HE 
S HIETS TESTED I _ 1ITIALLY AND AFTER 25 WEAR/LAUNDERING 

PERI ODS AT TWO b'ASH TE11PERATURE S 

Initial: 

Fabri c Type 

100% cotton 
60/40 c o tto n - polyester 
65 / 35 pnlyes ter-cotton 
100% pol ·ester 

After 25 Wear/L~underlng Periods : 

Mean Valuea 

7.10 
11 . 55 

6 . 00 
5 . 40 

Fabric Code Fabric Type Temp . Mean Valuea 

1 100% cotton 105°F 7 . 81 
2 60/ 40 cotton - 105 °F 6.82 

polyester 
3 65/35 polyes t e r - 105°F 4 . 90 

cotton 
4 100% polyester l OS~F 6 . 04 
=> 100% cu t. ton 120 °F 8.17 
6 60/40 cotton- 120o F 7 . 38 

poly~s t r 
7 65/3 5 polyes·te r-· 120 r-F 5 . 02 

cotton 
8 100% polyes -J.=.er 120•F 5 . 89 

a In ~econds 
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Key: 
100% cotton 

60/40 cotton-polyester 

65/35 polyester-cotton 

100% polyes t e r 
_.r::a -· X- ~ ·-· . 

o- · :::::-· - ---·--X 
A 

o------------- / -7--o 

" / 

0 

" , 
/ 

25 

o---o 

X X 

Wear/launde ring pe riods ~t 1 0 5 ~F 

_ .. .:c 
><- -- ..::::::...·-· __ . :::;:::r. - --v 
o-· ." 

12~ 
~------~----------· --L.. 

25 0 

~ar/laund _ring per j_ods at 120 (' f' 

Fig . 15 . Mean air permeability values in seconds o f 
t he? shirts t st d ini ia lly and aft r 2S wear/ laund ring 
peri ods ~t t wo ash t _mp .r t ures . 



- 69 -

TABLE 12 

BONFERRONI ' S 'l'EST F OR SIGNIFI CANT' DIFFERENCES BETI'JEEN AIR 
PE&1vjEABILITY VALUES OF THE SHIRTS AFTEH 2 5 ~lEAR/LAUNDERING 

PERIODS AT T\"7 0 WASH TEMPERATURES 

---- - ·-· ---·--- ·-
Fabric Cod e a 

Compa .cisons Ad justed He an Difference T- Value 

1 VS 2 1. 1 3 5 . 46* 
1 vs 3 2. 93 14 . 14* ..L 

1 VS 4 1. 86 8. 9 8*" 
2 VS 3 1. 80 8 .68* 
2 vs 4 0.73 3. 52 * 
3 VS 4 -1. 0 7 -5.16* 
.5 vs 6 0. 86 4.15* 
5 VS 7 3. 48 16 . 84* 
5 VS 8 1.93 9.35 * 
6 VS 7 2. 62 12. 68* 
6 vs 8 1 .08 5.20* 
7 vs 8 -1. 55 -7. 49•k 
1 vs 5 1.02 5. 28 * 
2 VS 6 0.75 3. 88 ?.· 
3 vs 7 1. 58 8 .16* 
4 vs 8 1. 10 5. 6 7"k 

·.~:signi ficant at 0. 05 1e,.re1 of probabi 1i ty 

a 
105°F Fabri c 120 ° F 

1 100% cotton 5 
2 60/ 40 cotton-polyester 6 
3 65/35 polyes t r-cotton 7 
4 100% polyesJ..:.er 8 
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significantl y less time for air to permeate than did the 

G0/ 40 cotton-polyester shirt. At t 'he lower ·tempera_ture 

the 65/35 polyester-cotton 1-ras significa_ntly higher than the 

100 percent polyes·ter shirt ( 3 vs 4 ) in air permeubili ty 

values . 

An identical pattern of alr permeabili t y va lue s 

v1as observed a t the highe r temperature. The signi ficant dif

feren cc~s nre indicated in .t.ab le 12 . 

Comparisons of all o f the f ou r fa~ric types showed 

significant differences when identical fabric types were 

subjected t o tHo wash temperc:. tures . Without c:xception _. the 

f~bric type comparisons (1 vs 5, 2 vs 6, 3 vs 7, 4 vs 8) 

r equired fewer seconds for air to permea te the fabr ic afte r 

b~ing washed 25 times at t he h ighe r t emperature . 

The yarn count of each fa b r ic type (table 1 ) may 

have €:xerted an i nfluence on t.he cdr perrr!eabi 1 i t y va.l ues . 

A lthough the fabrics were selected to be as simi lar as poss

ible , t~L:::; selection •.vas lindted ·to tL!.:.: s hi r ts v.rhicl1. vJere 

available in the marke t pl ace . These d if~erences ln fabric 

,,reav . ai.1d y~rn count could have had some inf Juence on air 

p rmeahility . 

Breaking Strength 

Th br a'J ing strLngth v J.ues o f the f our f ."J.bric 

Lyp~ s ini ti~lly and those ash~d at two t _mperatures are 
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shown in t .able 13 and grap1iically illus trated in figures 16 

and 17. Initially, cotton in the l·varp direction 1vas signif

icantly stronger than the other three fabric types, also the 

b lend high in cotton in the \varp direction was significantly 

stronger than t .he tv.ro shirts h i ghe r in poly ester. The 100 

percent poly ester rated third in warp strength; whereas, the 

65/3 5 poly~ster-cot.ton was las t in wa rp strength (ta ble 14). 

When t h e filJ.ing st r ength was tested in the con

trol shiJ:-ts , the 1 00 percent polyes ter 1v-as r.ignificantly 

better than t he other three fabric types . The 100 percent 

cotton and 65/35 polyes ter-cotton shirts were ranked second 

and third but d i d no t di ffer signif icant l y in s treng-th . The 

60/ 40 cot.ton - po.lyes t Pr ,,ras s ignificantly wea"J~e r tha n the 

other three fabri c s . 

After the 25 wear/laundPrin g peri ods at 105°F, the 

w~rp direction results show d the 60/ 40 cotton-polyester and 

the 100 percent cotton to b e the tHo stronge s t . fabrics; how

.' e r , th rc 1va u no sign if ican t dif::erences noted bet.vleen 

these two :Ea.Lrics . Poly ster and the G5 / 35 polyester- cotton 

blend ,,,r re thi rd and fourth with no significant. dlffcrences 

b~t'i·re n ~ he tw·o fabric str ngths . The fi lling direction re 

su lts placed the 65/35 po1yest r - cotton significantly strong-

r t .han Lhe tv o shirts higher in cotton . The 100 percent 

cotton sh irt. 1.v as third and was significar..tly strong r t .han 
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TABLE 13 

NEPJ'-J BREAI\ING STRENGTH IN POUNDS OF THE 
SHIR'T.S TES'I'ED INITIALLY AND AFTER 25 ~..JEAR/LA.UNDE:RING 

PERIODS A'l' T;·'i O WASH TEMPERATURES 

In i ti a l: --------------------------------

Afte r 

Fabric Type 

100% cotton 
50/4 0 cotton-polyester 
65/ 35 polyes ter-cotton 
100% polyester 

25 hiear/ Law1dering Periods: 

F abric 

Code Fabric Type Temp . 

1 lO U% cot t on 10 5 oF 
2 60/40 cctton- 105"F 

polyes t.er 
J 65/35 polyester-· 105°F J 

cotton 
4 lUO% polyester lOS oF 
5 100% cotto n 120" F 
r G0/ 40 ._otton- l2C"F n 

polyester 
7 65/ 35 poly ster- l20"F 

cotton 
8 100% polyester 120 "F 

ain ounds 

Mean Breaking Strength a 

\~arp ______ F~l~· l~lin~g~-----

63 . 5 
60 . 1 
44.4 
52.0 

Mean Breaking 

WarD 

60 . 0 
62 . 0 

49 . 3 

49 . 3 
57 . 6 
58 . 7 

43.7 

51 . 4 

39.8 
31 . 5 
38 . 9 
87 . 3 

Stre ngth a 
·--

Filling 

39 . 2 
28 . 5 

42 . 6 

40.6 
40 . 0 
28 . 4 

42.9 

42 . 4 
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Key: 
100% cotton o----o 

60/40 cotton-polyester A----~ 

65/35 polyester-cotton o-. -o 

100% polyester X- - -X 

X ----~\-{ . ---- ;~ 

70 

50 -

f_illing 

X 

" \.. 
" " " n-· 

(f) 

'"0 8 -·~ ~...-- -~ ---·0 

__.1__.. ____ ___..__ 

0 25 

§ 30 
0 
~ 

6 ..------ - --A 
"-lo 

10 L_L ____ t_ 

0 25 

Number o f La11nd2rings 

l?ig . llS . C?an bro k.ing s-Lre::1gth values i n poul!ds o f 
t.h - ·hirts t . __ s ed initially a1·;.d a.f t r:?r. 2 5 WPar/ l.aundering 
p e riods r1t lOS oF wash temperature i n the warp and fi ll ing 
direction s . 
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Key: 
100% cot·ton o--· ----o 
60/ 40 cotton- polyester D.-- - -~ 

65/3 .5 polyester - cotton o-. -c 

100% polye ster x-- -x 

h'a. rp 
90 

f'illing 
X 

" 70 "' ~----~ " "' X-- - --x 50 " O- · -. -·c 9== -- · ~ (fJ ~---=---"'() 

'"Cl 
~ ~o 
~--' 6 .- - - ---- ---6 
0 

P-.4 

10~ 
L ----l-

0 25 0 25 

NumLer u f ! Jaund rings 

Fig. 17 . iv!e n br _akinq stren gth valu s .in p n'Jnds of 
·th s h _i_rt · r_este d ini tidlly and af-1:-~r 2 5 "'re a r / .l undering 
p~ riods a t 120~F 'a: h tempcr~ture in t h e warp and fi lling 
d i _r-c ions . 
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the 60,~0 cotton-polyester shirt which was fourth. 

The pattern discussed above was repeated at the 

120" F wash t emperature as far as the mean values observed. 

The t'ivO shirts higher in cotton ( t .ypes 5 and 6) were strong

er in the warp direction than the two shirts higher in 

polyester ( t.ypes 7 and 8). A significa_nt di ffe rence , not 

found at the lower t emperature , was noted when the 100 p e r

cen t polyester was significantly stronger in the warp dir-

ection t han was the 65/ 35 polyes ter-cotton . There wa s no 

difference in ·the strength of the filling direct iorl at 1 20 ° F 

when t he 65/ 35 polyec t er- cotton shirt was compared with the 

100 percent polyeste r . 

To compare the f our fabr i cs a t the two wash tem

peratures , t he warp and filling data we re g r oupe d together 

and results ;:tre sho\vn in table 14 . There we r e no s ign if 

ican t differences in the brea"kir4g s trengths o f the fabri cs 

\·,Then laundered at t.wo different temperatures . 'l'he t1v-o co tton 

typ2s ( 1 cP1d 5) were f i rst and second i n u~_rerall bre aJ<:ing 

strengt.h . 'l'he all - polyester ( types 4 and 8 ) were third a nd 

sixth ; ·v-hiJe t.i1e bl nds ( types 3 and 7 , 2 und 6 ) cJ aimed the 

oth r ran'ks . 

Abs o rben y 

The absorb nt prop rties o f fabrics us d f o r ap-

r· 1 c; l ar rela-L d to comfort in tha t b e dy perspirat.ion can 
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be absorbed and passed through the fabric creating a cooling 

effect . The findings listed in table 15 and illustrated 

graphically in figure 18 show that 100 percent cotton was 

superior in absorbency of all the shirts "\·Jhich w·ere -v.rorn and 

laundered 25 times at 105°F. The resu lts after 25 wear/ 

laundering pe riods at 120DF, revealed that the 60/40 cotton

polyes ter blend, with a smaller mean , was more abs orbent 

t han t:. he other t\vo shirts and only slightly less absorbent 

t han the alJ C(tton shirt washe d at l05°F . 

Bonferroni ' s test was used to determine signifi

cant dif f ere nce s b e t\veen t\vO di fferent fabric types when 

laun d ered at 105°F or 120° F and between identical fabric 

types \vhich had b een v·tashed at the t.\vO temperatures. Table 

16 shows these r esu lts. 

1~o compari s ons of the shirts was hed at 105°F re

sulted in .siynifica:~1t differences . The r e was a s i gnif i cant 

difference at 0.05 level o f prob~bility betw~en the abs or

bency values of 100 percent cot tar: and the 65/35 }~olyes ter

cot ton ( 1 ·vs 3 ) , w l th c oti.-:.on b inc; more a bsorbent . o ~: note 

is the no s~_gnj_ ficant di fference in c~Lso .rbency ~JetHeen 100 

pC?rcent polyester and 100 percGnt cotton , \:hj_ch usu?,lJ.y 

v-. auld be eYpect€d . Al thoug h 100 pe .r.ce!l.t p o lyester ver.sus 

100 perc n t co ton ( 1 vs 4 ) at this temperature d ill n ot re

, :;lt in a sign ificant djf f erence , the a d ju::::;ted mGan dif f er

Cl1Ce ; as a lmo :::: t vice a s large as the adjusted m~:~an 
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difference recorded for the comparison of 100 percent cot

ton versus 60/40 cotton-polyester ( 1 vs 2). 

The ot.her significant difference observed between 

the shirts laundered at 105°F was in the comparison of 60/40 

cotton-polyester versus 65/ 35 polyes ter-cotton (2 vs 3) with 

the shirt higher in cotton content being more absorbent. 

rrhe largGst significant difference Was discovered 

between fabrics five and eight when washe d at 120°F. The 

absorbency of the 60/ 40 cott-on-polyester s hirt was f ound to 

be s ignificantly greater than that of ·the 100 percent pol:yr

ester shirt. ( 6 vs 8). Other large si~nificant differences 

were observed when comparing 100 percent c otton versus 100 

percent polyester (5 vs 8 ) and 65/35 polyester-cotton versus 

100 p ercent polyester (7 vs 8) with the cotton shirt and 

the polyest~r -cotton blend shirt being signifi can-tly more 

absorbent than the 100 percent polyes ter shirt. Wh~n the 

65/35 polyester-cotton was compared to the 100 percent cot

Lon shirt ( 7 vs 5) , the result was the luvrest 2d jus ted me etn 

difference of all the comparisons at bot.h t:.empc rat.urP.s , and 

no signi ficant difference r esulted . 

No significant d.i. f:ferences ln abs o .t bc~ncy val~es 

\ e r e found •hen the identic 1 fa.brics af 100 percen·L- cctton 

c:.:.r1d 6 0 / 40 cotton- polyester were cowpared at the two t.emper 

'-1 t1. r e c ( J. vs 5 , 2 vs 6 ); however , t.he b5 / 35 polyest.cr-cotton 
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TABLE 15 

HEAN ABS ORBENCY VALUES IN SEC ONDS OF THE 
SHIRTS TESTED I l\JITIALLY J~D AFTER 25 WEAR/I.Jl .. UI\TDERING 

PERIODS AT YW O WASH rrEHPERATURES 

Initj_al : 
==========================~ 

Fabric 'Ty p e 

100% cotton 
60/40 cotton-polyester 
65/ 35 polyest~er--cotton 
100% polyes ter 

After 25 Wear/Laundering Periods : 

a Hean 'la.lue 

10.55 
104 .55 
300 . 00 

1.15 

-------·---- -- -----

Fabric Code Fabric Type Temp. :t-1ean V alueu. 

a 

1 
2 

3 

4 

6 

7 

8 

In s conds 

100% cotton 
60/40 cotton

polyest~r 

65/ 35 polyester-
cotton 

100% polyt:::ster 
100% CuL-ton 
60/ 40 cot ·~on-

polyt=?ste r 
65/35 palyester

cot·ton 
100% polje <:' ter 

l05 °F 
120'jF 
120°F 

1 8 .0 
42 . 8 

48 . 6 

4 1.7 
12.6 

7.5 

65 . 5 

6J. . 5 
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Key : 
100% cott.on o---o 
60/40 cotton-polyest.er 6.-- --A 

65/35 polyester-co-tton o-. -o 

1 00% polyester x-- ·- )( 

£:i. 
/ 

~ ___ -----; 
o----- ~ 

/ 

105 °F 

~ 

/ 
/ 

/ 
/ 

/ 

Fig- . 18 . Mean absorbency va.J:.Acs i :r. ~econc.=; o f t he 
shirts after 2 5 vvear/ laundering peri.ods at t .wo '.v?.c h t..em -· 
p::?ru.tur s . 
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TABLE 16 

BONF ERROJ'-J I 'S TES'l, FOR SIGNIFICAN'"r DIFFEHENCES BETWEEN 
ABSORBENCY VAI.JUES OF THE SHIRTS .AFTER 25 \!'~EAR/LAUNDERING 

PERIODS AT 'I1-'J O WASH TEMPERATURES 

Fabr ic Code a 
Comparisons 

1 VS 2 
1 VS ? _, 
1 vs 4 
2 vs 3 
2 vs 4 
3 V S 4 
5 vs 6 
5 VS 7 
5 VS 8 
6 v s 7 
6 ""y'C' 0 8 
7 vs 8 
l V S 5 
2 VS 6 
3 VS 7 
4 vs 8 

Adjuste d Mean Diffe rence 

-10.95 
-40.91 
-20.56 
-29.96 
-9.62 
20 . 35 
19 . 62 
8.99 

--42 . 52 
-10.63 
-62 . 14 
-51.51 
-19.48 

11.09 
30.42 

-41.44 

T-ValUf~ 

-1.08 
-4.02-7: 
-2.02 
-2 • 94 i: 

0.94 
2 . 00 
1 . 93 
0 . 38 

-4 . 18* 
-1 . 04 
--6 . 10* 
-5.06* 
-2.04 
1. 1. C 
3 . 19 * 

-4.35* 

*Sign i ficant. a t 0 . OS J.e v e l o ::= ~rob(.tbili ty 

a 
105° F 

~---- -

Fabric l~ O "~' ____ 

l l OG% otton 5 
2 60/ 40 c o t t .on- polyes t er 6 
~ 65/ 35 polyester-cott on 7 ...J 

4 100% poiy ster 8 
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s ·hirts ( 3 vs 7) became more absorbent at the higher temper-

ature as .revealed by the significant difference _result. The 

significant dif ference bet1\reen identical polyes ter shirts 

(4 vs 8) indicates an effect of the higher wash temperature 

on the absorbency of the 100 perce nt polyester. 

Absorbency data are predicta}:Jle if one kno,~s the 

hyd r o p .hobic and hydrophilic properties o f the fat•rics being 

te s ted; however , some of the results of this study do not 

follo~v- the usual pc:. :-:_ t ern of pred i ctability . The mean values 

of the control shirts (ta ble 15) point out. t~he unusual and 

erratic behavior of the 100 percent polyester e x perimental 

fabr i c. 'I'he yan1 constructicn a_nd the fa.bric '\,.reave appar-

ently had s ome effect on these results. Of note is the re-

sul t tha·t a t 105° F there ·hras no sig11ificant di ffe~ence be-

t .\-Teen the 100 pE_~rcent cotton and the 100 pr~ rcent polyes ter; 

howeve r , thi s ~as not true o f these two fabrics at l20°F 

was~ tempe rat ure when cotton wa s more absorbent . Of further 

note is the f ind ing t h a t on ly the 65/35 poly es t er blend be-

c ame more sign i f icantly ab~ orbent afte r the 25 v\'Ear/ldun -

d e r i n g pe r iods at 120~F whe n compar ed to the si~ilar shirts 

D 

l aunde red ~L l OS F . 

Elect ros t ati c Build - UJ2 

The - 1 c~ros tati c bu ilrl- up o f a fabri c is r e late d 

t. o t h~ -- om::': o r t fa c tor f r om th con~um r ~ s po int o f v i r::.w .. 
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When the static build-up factor is high, the clinging of the 

fabric increases l resulting in discomfort. Table 17 shows 

the mean values of the electr osta-tic build-up which are 

graphically depicted in figures 19 and 20. Results of the 

Newman - Keu.:!_s Multiple Compar isons Test are sho\\rn ln ·table 18. 

lni ·tially, the 100 percent cotton, the 60/40 cot

ton-polyester and the 65/35 polyester-cotton shirts regis

tered no static cling in the warp or fil ling directions. 

The lOO percent. poJ~rester shirt had significant.ly higher 

e l e ctrostatic build- up readings in the warp and filling dir

ections . 

'rhe above patt.ern found in the contr-ol shirts was 

evid ent without exception throughout the wash/\vear du J::"a tion 

at both 105 ° F and 120°F temperatures. The 100 pe r cent cot

ton and the two ble nds were rankG d the top three in the 

leas t amourJt of s tati c build-up 1 .. ri th no s ignificant differ

ences b e t \\reen t he three fabrics . As was expected , the 100 

p er-cen t po lyester continu0d t .o h av e highe r readings in elec

t astatic bu.i ld--u p and was rankec:J. the J CJ. st in boi~h ';·Ta rp and 

fiJlin~ c]_i_ - ~c-ti ons at beth t _mperaturcs . 

1'her·_ 1.-las no sigT1ificant di f£e:;._:·e 11CE: not~d b e twe en 

the id -ntical fabrics wache d at the t wo tern~er~turc s when 

th -- filli ng and warp data were cor.1bin d for an overall valu '-~ · 

Tho t i o ~_ot t.on shirts ( 1 and 5) 1dere rated one and t-vro ; 

-... d~r:rca~ , .he 100 percent polye~t r shirts ( 4 and 8 ) had the 
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greatest static cling. The 60/40 cotton-polyester (2 and 6) 

ranked better t han the 65/35 polyester cotton shirts (3 and 

7) as less st.r.tt.ic build-up \·las measured. 
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TABLE 17 

MEAN ELEC1'F.OSTATIC BUILD-UP VALUES IN SECONDS OF THE 
SHI RT.S Tf<;.STED INITIALLY AND AFTER 25 \"lEAR/ LAUNDERING 

PERIODS AT TWO WASH TEMPERATURES 

Ini -tial~ 
·----- -------------============================ 

Hean Va l uea 
Fabric Ty lJe FillirJq Wa rp 

------- -~------------

100% cotton 0 . 0 
0.0 
0. 0 

60/ 40 2otton-polyes t e r 
65/35 polyes ter-cotton 
100% polyester 180 . 0 

After 25 \vca r / Laundering Periods : 
--------- -· 

Fabric Cod Fab!:"ic T'ype Temp . 

1 100% cotton l05°F 
2 60/40 cotton - 105°F 

polyester 
3 65/ 3 5 polyester- 105°F 

cotton 
4 100% polyest.er 105 °F 
5 100% cott.on 120°F 
6 60/ /-f 0 cot ten- 120°F 

polyester 
7 65 / 35 po1yes-te:r- l20o F 

cotto11. 
8 100% polyester 120 °F 

a In S COjldS 

0.0 
0.0 
0.0 

1.80. 0 

He an 
Warp 

4 . 6 
26 . 3 

38 . 0 

4 /5 . 4 
0.0 

2 1 . 11 

29 . 0 

4 0 8 . 0 

"alue a 
Fil l ing 

1. 2 
9. 2 

54 . 9 

353 . 0 
0 .0 

29 . 0 

38 .7 

371 . 0 



o I 
100 

200 

U) 30 0 
"0 
c 
0 
~ 400 
u; 

f 
~ 

- 86 -

Key : 
100% c otton ~---0 

60/4 0 cotton--- p o lyes t er ~-,· -· -/.). 

65 / 3 5 polyester- co t-t::. on c- · --o 

100% polyeste r X-·- ·-- X 

Ha rp 

IJ-.:......_ .• :...::..-. :::...-: .::::.S 

X 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

10 0 

200 

[f) 300 
'1} 

~ n 
u 
OJ 4 00 

U) 

I X soo L~ _ ___j _______ ..t_ l _ _J_ -~- - ·-·--.i-5 00 
0 2 5 0 25 

Fig . l 9 . H ~ ar: . .J ,...~ctrost atic b uiJ.d-up values i n s e conds 
o f t h shirt.s L ·st.e d init L ... lJ.y ctnd 3f t t:: .r 2 5 V.it=~ u r.-·/ J;:;.underin g 
pe:ri od at 10 .=- " F \vC:~.sh ~L ::>m per:--. tur:~ L j ~-_ hE:· 'i'~Tarp ;:tnd iiJ.l i ng 
di . . cti a nF . 
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Key: 
100% cotton o---o 
60/40 cotton-polyester 6--- -A 

65/35 polyester-·cot.ton o--. ~c 

100% polyest.er x- -X 

o .... . 'G;-;._ _ o 
--. ~-; =--(!} o I 

Fi1linq 

.6.-:-~----o 

0 25 

100 

200 

{Jj 300 ~ 
'D 
c 
0 
u 400 
QJ 
(/) 

500 

l umber o f Launderings 

........... _·""e..:rl~ 

0 25 

Fiq . 20 . Mean e.lectrostat.ic b uil d ·-up valuC?s in sec
onds o f-the shi rt s test d initiillly and after 25 wear / 
1 aunde . inq uerj_ o ds at. 120° f · wash temperaturE in the \\Tarp 
and filling dirRct ion s , 
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CHAP'rER V 

STJMJ.l\i&~Y AND REC01'-fr1ENDATIONS 

This wear-study involve d 100 men's white dress 

shirts of four fabr ic types ( 100 percent cotton, 60/40 cot-

ton-polyeste r , 65/35 polyester-cotton and 100 percent poly-

e s ter ). All o f the shirts were purcha sed in si z e 15~ x 33 

so a s to fac i l i t a te like launde ring l o a ds f or eneryy n e a sure-

ments. The sl1irts "\vere worn for 25 eight-hour \vearing per-

iods by :r1 a le, "\vhi te collar, unive rsity p e rsorHlel . During 

tlH~ d u r ai..:. ion. of the s tudy, ·the e n e rgy requir<:-d fo r lllainten-

a1 .l ce vtas me a su r e d f o .-.:. ea c h fa.bric type v.r i t h individu ::~.J me-

t .e r s p r o vided :Oy t .he City of Denton. l~.t each fi~.re wear/ 

l aundering peri od, t he s hi r ts we r e eva l uated f or f eature s 

j mport a nt f or t he appe a r a n cE: , dura bility and comf o r ·t of the 

shl rt s . 

The cost f o r the energy usee l n ma inta ining each 

s hi · t. , r .gard l e s s o f f iber cont e n t . , v1a s .i -~ s s than t ·v,ro a n d 

The 

c o:::;t fo.-:- t!1~ a:L .l -- co t .t on :-jhi rt was $ . 0 2 19. Cost s :C o r t he 

o t!·ter three shirt t ypes we r e : 60/ 40 cottu n - po l yPs t QJ. - $ . 0 1 9 7, 

65 / 35 po1yes~cr- cotton $ . 0 18 5 a nd 100 p e rcent po1yeste~ 

, • 0 90 . T 1 _ diffe1.en ce b e -Lween t.he hig h st co ::> -L and t h2 

- 89 -
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lowest cost was slightly more than one-third of one cent. 

At -t'he 120°F ,,1ash t e mperature_, the all-cot.ton s Lirt rc~quired 

$ . 025 in energy cost maint.enance ; v.Thereas , tr1e 60./40 cotton

p olyes t el· cost $.023 to re f urbish. At the higher ·tempera

ture the blend higher in polyeste.t" requ.i red $. 022 in ent~rgy 

main t enance cos·t with ·the 100 percent polyest.er maintenance 

costinq $ .02 27.. . The dif ference in the c ost f e r refurbishing 

the f o ur types o f fabri c include d in ~hjs study was one 

third of one c ent . The minute d iffcrencP observed does not 

ma"ke cotton a l arge energy consumer \.vhen compared t.o the 

other fabric types . 

The s oiling evaluations did no·t r evea l a soil 

b u i l d - uJ:: ; the refo r e, the fabrics we r e beJng clJ~aned at both 

tempe r a t u r es . Al t ho 8gh most sbirts d ~ d receive hi. g~ ~atings, 

the lOC percent po l yester s~irt r ece i ved t h e lowest rating 

o _ t e f oJr sh i rt tyrJe s at the finc..l. evalua-t.ion pe r iod at 

b o t h ·t empera t ure.3. 

The d urable pre c-s ap})ea r;J_nc d id no·t c hange not.ice

ably af t er t he f i r -s t ev a l u a. t ._'_ on. pe riod reqc:Lr:-"dle.ss o f ~t..'as l"1 

t emperatu ~e . rl. 'he t '\\TO f abr i c b J.er .. d s ' 65/3 ~ polyes·f:.er-cotton 

and 60/40 c tton - pclyes~er , were ra~ ed ~i rst an d s e cond ; 

,. here:ls , th 100 percent po lyeste r shirt -,v a s a close t .hird 

with cotton rec iving t he l o '" est du r a ble pres s rating. 

nitially an d af t er each five wea r / l aund e ring 
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p~riods, the broken yarns were recorded and totaled. The 

two fabrics higher in cotton had the l argest totals. The 

f abrics higher in polyes ter exhibited the smaller totals . 

Although snags \·ler e not included in the study, they were a 

problem in the wearing appearance o f the 100 percent poly-

ester shirt . 

rrhe ull -cotton and the 60/ 40 cotton-po lyester 

shirts devel o ped feHer pills throughout the study. At every 

eva. J l)c::ltj on period , the 65/ 35 polyester--cott1 :n shirt and t .he 

100 percent poly ester shirt h a d the 9reatest number of 

pills . 

The whi t eness retent ion res~lts did not single out 

a!·Ly shirt type depen dent on high tempera ture f o r "'Thtten ess . 

The S 0/40 cott.on -poJ y es·t2r and 100 perce:rt cotton maint.a.ined 

the t~o top values at both temperatures th r oughout the study, 

A-t t.he 2S \.rear/laundering period , al:. of t!Je shirts , -:-ll·th the 

e xception of polyester , were whiter a t the lower t empe rature . 

After the shirts had been c:xpose d t o 2 5 \ve a r /l au:;. -

dering perioas , the a1r penneability valueQ were the same at 

The bl nd higher in polyeste~ w2 :::; -L he 

most p u n ~2. ble , cJ. L: ii_ req1Jired the least ?.mou.nt ryf t .irr.e for 

air to po n neaLe the fabric. Th J 00 pe.ccent po.lyest.er was 

s cond ; whereas , 1:h 60/ 40 ·otton-poly ster shirt was third 

in the f ~.-rest . . Lum ;er of second s requ::_r d to penn ate the 

fabric . The 100 per~ent cot on requ1r d the longest ; ' ::1m . 
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for the a1r to permeate it. The difference in fabric weave 

and yanl count. could have had some influence on air penne

ability. 

In order to deterro.ine overall breaJ~ing- strengths, 

the. v.rarp and fi lling readings \.Vere grouped together. rrhe 

temperature at which the fabrics were washed did not sig

nificantlY affect the strength of any o f the four fabric 

types. In ove r all breaking strength at tJ1e lo'i-ver tempera

tur e , the 100 percent cotton was strongest ; the 60/ 40 blend 

r 2. t e d s econd j the 65/35 blend was third; and thP- lCO percent. 

polye ster placed last. At the higher wash temperature, cotton 

was again s tronger than the other three fabric types. Poly-

e s t e r wu. s next in overall stre ngth \vi tll thP two blr~nds fol

lG\.,r ing , 

The two fa~rics higher in cotton were found to be 

t h e most a bsorb e nt fabr i cs in the s tudy with only slight 

exceptions . The unpredictable a b s orbency data for the con

tra}_ SJJ i rt.s po int _ to t he f a ct that thi;:; is a difficult 

pro perty to accurately me a sure a s f abri c weave , f ini s h and 

yarn c onstructio n apparen t ly ha d s ome effect. on thi s prop-

e rty . 

The 100 perce nt cotton shirtc were fou~d t o h av e 

less e Jectrostatic ouild - up than th other three fa br i cs 

te .:.> t d . rrhe blend high _r in co ·L:. ton pe rcentag exhibi ted 

1 ss ._ "La 1 c clj_ng than did the blend \vi t.h tb. higher 
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percentage of polyester. The 100 percent polyester had the 

greatest electrostatic build-up and \'las sig-nificantly dif

ferent from the other three fabric types. 

The overall results of this study showed t .hat 

there is: a s expected, a difference in ene!:'"gy cos ts Hhen re --

furbishing four fabric types. However, this difference was 

found to b e much smaller than that reported by p r evious re-

s ea .... c:her.s. .1. he poly ester and t he blend with the higher pe r-

centage in po J.ye s ·ter were supe l-i or in fewer brol~en yarns and 

a ir penneab i lity time. The 100 percen t poly ester ~~hirt w::1s 

s u p e rior in d u rable press values ; howev er , the blc~d with 

t he higher per c e ntage of cotton was rated above the blend 

with a hi~ her pe r c e nta ge o f polyes -ter. 'I'he cotton and cot

t on-polyester blend had fewe r pills , ]_e ss static cling and 

~ e=e more ab o rbent than t h e 6 5/35 polyes t e r-cot t on and 100 

percen t po lyest.er s h ir-t s . The 100 pe r cent cotton shirt was 

the stror:.gest overc1 l l o f the fo ur f a b r i c types. 1\Jot only 

t he ener~ 

durabil i t) 

requirements , but the cor:1f o r t, a p pea rance and 

feat.lJ.res are a ll fact ors n eeded to be cons idered 

in the selection o f a garment . 

~e cor.D.I0.enda tions 

The dilta gen Lated from this study hav e s0ggested 

possibilj ti "'S --=-CJr future r esearch and tudy . /1_ s a p p J i an u~ t> , 

far:ric:::; and ~ ~ ~ :· t. m0.tbods change , .dd i t i onal information ~tJi J l 
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be needed. Recommendations are as f ol lows: 

1. Deve lopr;1ent of methods for measur~_ng t~he ab

sorption of body moisture by the fabric. 

2. Invest.igate the effect of yarn construction, 

finishes and fabric weave on air pemeabilit.y. 

3. A .follow-up study of energy maintenance re

quirements as new blends and finishes appe2r on the market. 

4. Conduct a comparison of energy rr,aintenance re

quirements and labor using different laundering procedures. 

5. A study to compare the cos t of do ing launder

ing at home versus commercial launde.r:·ing. 

6. Conduct an assessmAnt o f consumer opinion as 

to the '\·!ear life of a gannent, man-made ·versus natura_l 

fabrics . 

7. Follow-up st.udy t;sing clifferen·t temperatures 

to determine :l_f higher temperature result in siqnii:"icantly 

improved whiteness . 

8, A study to d ::~terrrline the par-L d etergents and 

b l each might play in energy conservation by compensating for 

o~e r a shing tempc ratur~s . 
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