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With the increased variety and use of lining fabrics, consumers

have become concerned over choices for lining fabrics which have

good serviceability properties. The major purpose of this study was

to secure some information on the physical properties of lining fab-

rics to help consumers in the selection of lining fabrics which will

give good serviceability.

Eight lining fabrics made of one fiber--two fabrics each of cot-

ton, rayon, acetate and polyester--were examined for their service-

ability properties such as resistance to abrasion, breaking load and

elongation of yarn and fabric, tearing strength, resistance to yarn

slippage, dimensional stability and resistance to wrinkling. They

were all white, plain weave, light-weight and commonly-sold lining

fabrics.



The experimental fabrics were analyzed for their basic charac-

teristics such as fabric count, weight, thickness, twist and yarn num-

ber to find out the possible relationship which existed between these

characteristics and the serviceability properties.

Standard test methods of the American Society for Testing Mater-

ials and the American Association of Textile Chemists and Colorists

were conducted under the standard atmospheric conditions. Analysis

of variance and correlation coefficients were calculated for data ob-

tained from all tests.

Lining fabrics were ranked in terms of fiber content for each

fabric performance test. Polyester showed great resistance to abra-

sion, high yarn and fabric breaking strength and little dimensional

change. Rayon showed great resistance to tearing and good yarn and

fabric breaking strength. Cotton had good resistance to abrasion and

the least yarn slippage at the seams. Acetate consistently ranked the

lowest in the majority of serviceability tests. Since linings with dif-

ferent fiber components did not always rank in the same order in all

tests, it would be desirable for the consumer to determine what

serviceability qualities she desires most.
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PHYSICAL PROPERTIES RELATED TO
THE SERVICEABILITY OF CERTAIN LINING FABRICS

I. INTRODUCTION

Lining is a very important part of a garment. In recent years,

garments of good quality have most often been lined regardless of the

style of the garment and the kind of outer fabric used. A lining may

cover the inside seams, make the garment slip on smoothly and pre-

vent possible irritation from a rough outer fabric. It also prevents

garments from stretching and sagging by holding the shape of the

garment and, finally, makes the garment attractive.

Many times problems are encountered with lining fabrics be-

cause their serviceability is poorer than that of the outer fabric of

the garment. When this happens the garment needs to be relined or

it could not be worn and might need to be discarded. Following are

some problems which are involved in the use of lining fabrics: the

folded edge of the hem at the bottom of the sleeves often wears out

before other parts of the lining wear out; the armseye seam has a

tendency to be pulled out by the strain across the shoulders; yarns

often slip at skirt seams, the elbow and at the armseye; and the

fabric shrinks excessively compared to the outer fabric.

Today, there is wide variety in lining fabrics. Numerous kinds

of fibers alone and in combination, different weave constructions,
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special finishes and prices are some points that need to be considered

in the selection of lining fabrics.

Objectives of the Study

The main objective of this study was to secure some informa-

tion on the physical properties of common lining fabrics made of dif-

ferent types of fibers currently sold in retail stores in order to assist

the consumer in selecting lining fabrics which will give the service-

ability she desires.

The specific objectives were:

1, to analyze eight lining fabrics of different fiber content- -

cotton, rayon, acetate and polyester.

2. to compare the eight lining fabrics for their fabric per-

formance--resistance to abrasion, resistance to yarn

slippage, breaking load and elongation of yarn and fabric,

tearing strength, dimensional stability and resistance to

wrinkling.

3. to find out the possible relationships that exist between

the fabric performance of the selected fabrics in labora-

tory tests and their basic characteristics such as fabric

count, weight, thickness, yarn number and twist.

4. to make suggestions on the use of lining fabrics based on

the performance of certain fibers.
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Limitations and Assumptions

The limitations of this study were:

1. Data for this study were limited to those derived from labora-

tory experiments.

2. The experimental fabrics were limited to light-weight lining

fabrics which may be used for lining skirts or summer suits

and for underlining dresses.

3. The experimental fabrics were limited to plain weave fabrics

made of the four fibers cotton, rayon, acetate and polyester.

4. The experimental samples were limited to those purchased in

Corvallis and Portland, Oregon in September, 1970.

5. The labels did not give specific information on the finishing

treatment.

6. The accuracy of the findings was limited to the accuracy of the

testing machines and methods used.

The study was based on the following assumptions:

1. The results of the laboratory tests indicate what may be ex-

pected to happen in actual use.

2. The experimental fabrics with a plain weave, one kind of fiber,

white color and similar weight would show less variation in

physical properties than fabrics of different weave, fiber com-

bination, color and weight.
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Definitions

The term "performance test of fabric" is used in this study to

describe the tests of the physical properties related to the service-

ability of lining fabrics, which are resistance to abrasion, breaking

load and elongation of yarn and fabric, tearing strength, resistance

to yarn slippage, dimensional stability and resistance to wrinkling.

The term "basic characteristics of fabric" in this study refers

to the following physical properties: fabric count, weight, thickness,

yarn twist and yarn number.

"Yarn number" is a measure of linear density indicating the

size or diameter of a yarn.. "Tex"lis a unit equal to the mass in

grams of one kilometer of yarn. "Denier" is the number of grams

per 9000 meters.

"Hand" is a quality of characteristic of a fabric perceived by

the sense of touch.
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II. REVIEW OF LITERATURE

Resistance to Abrasion

Hamburger said that:

Abrasion is a repeated stress application, usually caused by
forces of relatively low orders of magnitude which occur
many times during the life expectancy of the material (22,
p. 170).

Resistance to abrasion is the degree to which a fabric is able

to withstand the stress application without the occurrence of any fab-

ric damage. The ability to withstand stress application depends upon

two essentially different factors: the inherent factors and the non-

inherent factors. The inherent factors are the characteristics of

fibers such as its strength, elongation and elasticity. Fibers which

are inferior in these properties show less resistance to abrasion than

fibers which are superior in them. However, elongation and elasti-

city are more important properties than strength. The combination

of high elongation, excellent elasticity and high strength will contri-

bute to the best abrasion resistance. Non-inherent factors are those

which are related to the geometry of the composite structure, such as

fiber length, yarn diameter and size, twist, fabric count, weave, and

thickness (3, 22, 36).

Longer fibers are generally more difficult to remove or displace

from yarns than shorter ones. Studies concerning fiber length show
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that fabrics containing longer staple have better resistance to abra-

sion than those containing shorter staple if they have an equal num-

ber of twists and equivalent yarn size (39).

Increased abrasion resistance with larger diameter yarn has

been noted on many occasions (41, 45). Heavier yarns containing

more fiber than lighter ones show increased abrasion resistance by

permitting better distribution of stress for a given load and in addi-

tion, requiring the rupture or displacement of a large number of fibers

before failure occurs.

Abrasion resistance increases with twist to an optimum value

beyond which further increase in twist decreases the abrasion per-

formance (36). Increasing twist to an optimum value improves abra-

sion resistance by the accompanying improvements in fiber cohesion.

Twist beyond the optimum value provides no further improvement in

fiber cohesion and imposes great stress on fibers (39).

Laboratory tests and actual wear trials have demonstrated that

abrasion resistance improves with increasing fabric count. The

larger surface area exposed to rubbing permits better distribution of

abrasive stress. There are, however, limitations on higher fabric

counts. Use of too many yarns per inch causes rigid areas with loss

of fiber and yarn movement, which results in decreased abrasion

resistance (29, 41, 45).

Thickness of the fabric is very closely related to the abrasion
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resistance of the fabric. Thus, thickness is used most often as a

means of evaluating the amount of abrasion. Increased fabric thick-

ness and larger yarn diameters are generally related and provide

marked improvement in abrasion resistance of textile fabric (45).

McNally and McCord reported that mechanical properties of

fibers, yarn and fabric construction, and finish are the factors deter-

mining the abrasion resistance. They said that:

All three factors significantly affect abrasion performance,
but it is extremely difficult to assign a relative order of
importance. Through faulty construction or improper ap-
plication of finish, fibers with excellent mechanical proper-
ties can be made into fabrics with poor abrasion resistance.
On the other hand, fibers with poor mechanical properties
can be made into fabrics with adequate abrasion resistance
through proper construction or choice of finish (36, p. 729).

Breaking Load and Elongation

Breaking load is the maximum load (or force) applied to a

specimen in a tensile test carried to rupture (4, p. 18). Elongation

is the increase in length of a specimen during a tensile test. Elonga-

tion at the breaking load is the elongation corresponding to the maxi-

mum load (4, p. 25).

Breaking load is considered the most generally useful property

of textile materials because it indicates the inherent quality of the

textile and provides a useful measure for following changes or for

detecting damage resulting from chemical, physical, mechanical, or
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microbiological effects in processing or in use (23, p. 1102).

The strength of fabric is influenced by the strength of the yarn

of which it is composed; although, it also depends on the construction

of the fabric and may be affected by finishing operations. The

strength of a yarn is determined by the type and length of fiber, the

type and size of yarn and the amount of twist given to a yarn. Among

these factors which govern the yarn strength, the type of fiber is the

one which most influences the yarn strength. Doberczak said that

"Yarn strength is directly proportional to the fiber strength if all

other properties encountered in producing a yarn are under the same

construction" (12, p. 9). Therefore, the stronger fiber will produce

the stronger fabric when the strength of yarn, fabric construction

and finishes are the same.

The strength of a fiber is expressed as tenacity. Tenacity is

determined by applying force to a known unit of fiber and measuring

the force required to rupture or break the fiber. The American

Society for Testing Materials defines tenacity as:

The tensile stress when expressed as force per unit linear
density of the unstrained specimen; for example, grams-
force per tex, or grams-force per denier (4, p. 42).

The tenacity of regular viscose rayon fiber at the standard con-

dition is 1.5 - 2.4 grams-force per denier. Cotton has a tenacity of

3.0 - 4.9 grams-force per denier, polyester 2.5 - 7.8 grams per

denier and acetate has the lowest tenacity of 1.3 - 1.5 among the four
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fibers listed (30, p. 13). High-wet-modulus rayon fibers are said to

be 50 percent stronger than conventional viscose rayon fibers and

100 percent stronger when wet (3, p. 19). But it is important to

note that the strength of a fiber is not the only fiber property which

determines the strength of yarn. There are other properties such as

elongation, elastic recovery and resilience, which ultimately deter-

mine the strength of yarn. Comparatively weak fibers can be made

into strong fabrics if the fibers have good elastic recovery and resil-

ience with high elongation (30).

The longer fiber makes the stronger yarn. The increase in

twist makes the yarn stronger, but only up to a certain point of twist,

beyond which further increase in twist causes decrease in the strength

of yarn. The weave of a fabric is very important to its potential

strength. Ordinarily a closely woven fabric will give greater resist-

ance to breaking load than a loosely woven fabric.

Tearing Strength

Steel has defined a tear as

...a rupture caused by catching a moving fabric on a
sharp object, which is sufficiently fixed in position to
exert a tensile force on the fabric as it is moved away
(44, p. 329).

Several instruments and methods have been developed to sim-

ulate the range or conditions under which an actual tear in fabric
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may occur. Various studies were done to compare the methods and

instruments. Each method and instrument had its good and bad points.

Investigators in the Quartermaster Corps have discussed the import-

ance of tearing strength testing for the prediction of the service life

of fabric and indicated that the Elmendorf method was preferred over

the Scott single rip tongue tear method (27, 43).

Testing tearing strength on an Instron tester is an excellent

analytical method. Krasny and Borton conducted a study to determine

whether the Elmendorf device could be used in place of the Instron

because the Elmendorf has the advantages of simplicity and speed in

testing. Their findings indicated that, in the lower tearing strength

region, the Elmendorf device showed high correlation with the Instron

tongue tear results. However, at higher tearing strength levels,

weave was identified as an influencing factor on tearing strength. A

looser weave rated relatively high readings, and a tighter weave

showed low readings on the Elmendorf scale (32).

References in the literature have cited several factors which

affect the tearing strength of a fabric. These factors include slippage

of yarn, breaking strength and elongation of yarn and fabric, fabric

count, weave and finish.

Hager et al. found that breaking strength and elongation of the

yarn and fabric count are the main factors which influence the tearing

strength. They further concluded that these factors resulted in an
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equation relating tearing strength to the breaking strength and elonga-

tion of a given fabric. Their evaluation of the derived equation showed

a good correlation between the calculated and measured tearing

strength values of the fabric tested (21).

Steele reported that tearing strength is determined by two fab-

ric properties: tensile strength and deformability which is affected

very much by fabric construction and finish. He explained that:

If the yarns in the fabric are packed relatively tightly or are
immobilized by a heavy finish, little distortion can occur
during the tearing action. In this case, the yarns are broken
one by one and the average tearing load is low. If the fab-
ric construction and finish allow considerable slippage of
the yarns, the latter slide together as the fabric tears. The
result is that they reinforce one another and must be broken
in groups, so that the average tearing load may be several
times higher than for a nondeformable fabric (44, p. 329).

Tearing strength has been used as a means for measuring fab-

ric serviceability especially in terms of the effect of a finishing agent.

Abbot used tearing strength as a means of comparing the effects of

resin and mercerization on cotton fabrics. The mercerized fabrics

showed considerable increase in tearing strength while the unmercer-

ized but resin treated fabrics showed a decrease in tearing strength.

It was noted that the tearing strength of the fabric with a combination

of mercerization and resin treatment improved to such an extent that

its tearing strength was as high as, or higher than, that of the unmer-

cerized and unresinated control (2).
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Resistance to Yarn Slippage

Resistance to yarn slippage is the pounds pull (across a seam)

per inch of width necessary to produce an elongation of 1/4 inch in

excess of the fabric under the same load (4, p. 101).

Yarn slippage at the seam is an important factor which contri-

butes to the seam serviceability, because failure at the seam often

leads to a reduction in serviceability of a garment even though the

fabric in the rest of the garment is in good condition.

Factors which influence yarn slippage at the seam are slipper-

iness of the yarn itself, weave, the type of seam and the type of

stitching. A fabric made of smooth yarns shows less resistance to

yarn slippage than one made of rough yarns. A fabric with high

cover factor or one in which the number of warp and weft interlacings

are relatively high has more resistance to yarn slippage than one with

low cover factor. Plain weave is more stable than twill weave. The

plain seam shows less resistance to slippage than a French seam,

but it should be noted that the type of seam which shows the best re-

sistance to slippage is not necessarily the most appropriate one for

use in making a garment.

Dimensional Stability

Collins said that "The shrinkage does not occur unless water
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gains access to the material by one means or another." (8, p. 46).

Relaxation shrinkage and shrinkage by fiber swelling are the two

main ways in which the shrinkage of a fabric occurs.

Relaxation shrinkage is the dimensional change which takes

place when a fabric is thoroughly wet out after fabrication. This type

of shrinkage results from release of strains set up in the fiber during

manufacturing operations. Unless these strains are fully released

before the fabric is made into a garment, the relaxation shrinkage

will ultimately occur because of the yarns' tendency to return to their

normal, unstretched dimensions.

The ability of a fiber to absorb water is one of the fundamental

factors which govern the shrinkage of a fabric. When a fabric is

wetted fibers swell. The amount of swelling, which depends on the

amount of water absorbed, determines the shrinkage of the fabric.

Martin and Fulton stated that:

Analysis of the problem of garment shrinkage reveals that
shrinkage occurs at three levels: at the fabric level, at
the yarn level and at the fiber level. The total observed
shrinkage is the resultant of shrinkage at these three levels.
The contribution of each to the total depends on both the
fabric and yarn structure as well as on the nature of the
fiber.. For example, a cotton fabric may shrink as much
as 10% under conditions that cause only 2% shrinkage in the
component fibers and yarn. In cotton fabrics in general,
the shrinkage occurs principally at the fabric level (35,
p. 237).

The actual fiber shrinkage is usually negligible. In most cases,

the fiber shrinkage of cotton goods is not more than 2 percent and is
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generally less than 1 percent.

When fiber diameter increases, the yarn also increases in dia-

meter unless the yarn is of a very open construction so that each

separate fiber can swell without hindering its neighbors. The impor-

tant factors which influence the shrinkage at the yarn level are twist

and the compactness of the yarn. When the twist of a yarn increases,

the compactness of the yarn also increases. For this reason swelling

will be greater, and the result will be greater shrinkage (8).

A large portion of the shrinkage of the fabric is due to the

structure of the fabric. Collins, in his study of cotton fabric which

had warp yarns finer than weft, reported that the cloth shrank warp-

wise. This resulted from the weft yarns moving together to provide

the warp yarns the short path around the weft yarns, so that the warp

yarn could span the distance without stretching or with much less

stretching when the yarn swelling occurred. Shrinkage is somewhat

limited by jamming which occurs when the weft yarns can not be

pulled any closer together since the warp yarns are pressed tightly

between them. Therefore, the shrinkage of the fabric in the warp

direction consists essentially of an increase in the crimp of the warp

yarns. A more stable balanced structure is one in which the warp

yarns are bent more than the weft yarns; that is, the warp crimp is

high and the weft crimp is low. When two yarns are bent as a result

of crossing one another, it is obvious that the fine yarn will bend more
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easily than the coarse yarn. It is also more difficult to bend a yarn

if the places at which it is gripped for bending are nearer together.

Crimp interchange of this kind can account for quite large shrinkages

of 10 percent or more in cotton fabric (8).

Both relaxation shrinkage and swelling shrinkage seldom reach

their maximum in the first laundering or drycleaning. Shrinkage

continuing through successive cleanings is called progressive shrink-

age. Progressive shrinkage may not become noticeable until the

third or fourth cleaning in an overstretched, sized fabric. Some

fabrics may continue to shrink a little each time they are cleaned.

Maximum shrinkage has been reached in tests varying from the sec-

ond to tenth cleaning (3).

Shrink-resistant Finish

There are two broad methods of treatment for obtaining a shrink-

resistant finish: the mechanical method and the chemical method.

The mechanical method is given to eliminate relaxation shrinkage by

overfeeding a fabric into the drying frame in a slack condition and

applying stretch to the filling direction of the fabric. Relaxation

shrinkage may also be eliminated by applying controlled compression

forces parallel to the surface of the fabric, pushing the warp yarns,

releasing the weaving strains.

Shrinkage caused by the swelling of hydrophilic fibers is usually
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eliminated by the chemical method. Resin impregnation has been the

most frequently used method for controlling shrinkage in rayon fabrics.

The shrink-resistant property can also be obtained by the use of

other types of finishes. Wrinkle-resistant treatments with resins

very often provide shrinkage control for fabrics made from cellulosic

fibers by reducing the fiber's absorption of water, thus tending to

maintain the physical properties of the dry cellulosic structure. Mer-

cerization, which is applied to increase the strength and luster of

cotton, also helps reduce the progressive shrinkage of cotton fabric.

There are no regulations that require labeling of fabric shrink-

age. However, the Federal Trade Commission stated that if textile

products were labeled concerning shrinkage, the percentage of maxi-

mum shrinkage must be indicated.

Mercerization

Mercerization is a treatment of cellulosic fibers with 18 to 20

percent sodium hydroxide mainly for the purpose of increasing their

strength. The finish is most often used for cotton fabric, but can also

be applied to fabrics made from linen or high-wet-modulus rayon.

The degree of tension during the mercerizing process is an

important factor. If the yarns or fabrics are held under tension dur-

ing mercerizing, they become stronger, more lustrous and have an

increased ability to accept dyes.
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Although chemicals are used in the mercerization process, the

change in the fibers is actually physical. Molecules in a fiber are

rearranged in such a way that they share stress more equally than

before and result in a fiber with increased tenacity.

Wrinkle-resistant Finish

"Wrinkle recovery is an expression used in technical literature

to indicate the property of a fabric to recover from folding deforma-

tion" (3,0, p. 339).

Cellulosic fibers such as cotton, linen and rayon have a ten-

dency to wrinkle easily during wear and care because of their poor

elastic recovery and resiliency.

To compensate the poor wrinkle recovery of the fabric, wrinkle-

resistant finishes have been developed. The first wrinkle-resistant

finish was developed during the 1920's. Since that time, many

theories have appeared to explain how these finishes improve the

wrinkle resistance of a fabric. The most accepted theory is that the

finishes cross-link the cellulose molecules. Gagliardi and Grunfest

believed that:

Modification of cellulose fiber properties required to in-
crease the elastic recovery of the fibers and to produce
resistance to creasing of fabrics appears to involve the
formation of cross-linkages between adjacent cellulose
molecules. The formation of such cross-linkages reduces
the extent of internal molecular slippage, which is respon-
sible for the creep or plastic flow at high stress application,
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and increases the Hook's law region in the fibers, i. e.,
the amount of true elasticity (15, p. 182).

These finishes have additional advantages such as durable

crispness and body so that no starching is needed and also controlled

relaxation shrinkage. However, the excessive use of a wrinkle-re-

sistant finish can cause a decrease in the abrasion resistance, in

breaking strength and elongation, and in tearing strength of a fabric

(3, 30, 31).

The proper selection or combinations of finishes and finishing

conditions p,roduce fabrics having different degrees of wrinkle-resist-

ant properties. "Wash and wears' is a term applied to garments

which satisfactorily retain their original neat appearance after re-

peated wear and suitable home laundering with little or no pressing

or ironing (4, p. 46).
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III. METHODS AND PROCEDURES

Eight commonly-used lining fabrics of one kind of fibertwo

each of cotton, rayon, acetate and polyester--were selected for this

study. In the attempt to limit the number of variables, all of the

fabrics chosen were white, light in weight and of plain weave (Figure

1). They were purchased from retail stores in Corvallis and Port-

land, Oregon in September, 1970. These fabrics were commonly

sold and widely used for lining and underlining various garments.

Hereafter, the eight lining fabrics will be identified as cotton A,

cotton B, rayon A, rayon B, acetate A, acetate B, polyester A, and

polyester B (Table 1).

Specimens for each test were randomized to contain different

yarns with the same grain direction, and the number of test speci-

mens was distributed among three blocks. None were cut nearer the

selvage than 1/10 the width of the fabric. The blocks of the cutting

diagram are shown in Appendix A.

All tests were conducted according to the Standard Methods

recommended by the American Society for Testing and Materials and

the American Association of Textile Chemists and Colorists, with

slight variations when required (4, 1). These methods will be indi-

cated by the abbreviations ASTM and AATCC with their designated

numbers. All test specimens were conditioned and tested in the
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Table 1. Description of experimental fabrics

Fabric
Width Price Per

(Inches) Yard Lab el Information

1. Cotton A 44/45 $ 0.89

2. Cotton B 45/46 0.89

3. Rayon A 45 1.50

4. Rayon B 44/45 1.49

5. Acetate A 45 0.80

6. Acetate B 44/45 0.79

7. Polyester A 45 1.40

8. Polyester B 44/45 1.39

Wash and wear, machine washable, combed mercerized
cotton, 2-3 percent maximum shrinkage.
Wrinkle resistant, average residual shrinkage 1 percent
100 percent machine washable, 100 percent drycleanable,
shrinkage controlled, 100 percent Avril* rayon.

Machine washable, shrinkage less than 1 percent.

Hand wash or drycleanable, sanitized for hygiene freshness,
gasfade proof.
Washable, sanitized for hygienic freshness.
Can be used with permanent press fabrics, will not split,
machine washable, maximum shrinkage 1 percent, fast color,
will wear for life of garment, anti-stat finish.
Completely washable, little or no ironing, drycleanable, less
than 1/2 percent residual shrinkage, guaranteed for the life
of the garment.

* Avril is a trademarked name for a high-wet-modulus rayon fiber,
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standard atmosphere of 70 degrees + 2 degrees Fahrenheit at 65 per-_

cent + 2 percent relative humidity.

Fiber Identification

Burning and microscopical tests were conducted to verify the

fiber content of the eight lining fabrics used in this study. Test re-

sults proved that these fabrics have fiber content as indicated on the

label.

Fabric Count

The number of yarns per inch was counted according to ASTM

Designation: D 1910 - 64.

Weight

ASTM Designation: D 1910 - 64 outlined this procedure. Five

2-inch squares were cut from each of the three blocks and weighed

together on a Chainomatic balance to + 0.001 gram. The weight in

grams of one square yard was calculated.

Thickness

The thickness was measured to the nearest 0.001 inch according

to ASTM Designation: D 1777 - 64 on a Randall-Stickney Gage. The

diameter of the presser foot was 0.375 inch, and a dead weight of 6
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ounces was used. Five seconds were allowed to apply a full load to

each specimen before the reading was taken. Ten 2 x 2 inch speci-

mens were tested for each block: three from blocks I and II, and

four from block III.

Twist

For Spun Yarns. Twist was determined on a Suter twist tester

according to ASTM Designation: D 1422 - 69. The clamps were set

ten inches apart. The specimen was adjusted between the clamps so

that a deflection of 0. 125 inch was obtained when a proper tension was

applied in the center.

A tension of 0.25 + 0. 05 gf/tex was applied to each yarn at the

beginning of the test and released as soon as the specimen started to

sag. The clamp was rotated in one direction, removing the original

twist and reinserting the twist until the depresser reached its initial

position. Since the counter showed double the amount of twist, the

result was divided by 20 to obtain the average number of twists per

inch.

For Filament Yarns. The direct counting method using the

same instrument was followed according to ASTM Designation: D

1423 - 68. By passing a needle through the yarn from one end of the

specimen to the other to separate the filaments, it was determined

that all the twist had been removed. Twist was read directly from
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the counter and divided by ten to obtain the number of twists per inch.

Twenty test specimens each of the warp and filling yarns were used

for both filament and spun yarns.

Yarn Number

A Suter twist tester and a Chainomatic balance were used to

determine yarn number. The test method was adapted from ASTM

Designation: D 1059 - 69 T.

Approximate yarn numbers in tex were estimated to obtain the

proper tension to apply during the actual test. The clamps on the

twist tester were set 50 cm apart. The tensioning device was set at

the center of this distance. A yarn was put into the clamps under 3

grams tension so that the yarn was depressed 0. 125 inch. Ten speci-

mens were cut this way to give a total of 5 meters, which were than

weighed on the Chainomatic balance. The approximate yarn numbers

in tex were calculated by multiplying the weight in grams of 5 meters

by 200.

For the actual test, 20 specimens of 50 cm-long single yarns

were cut while the specimen was under a tension of 0.25 gf /tex

(estimated) for the warp and filling of each fabric. The specimens

were weighed and the weight was multiplied by 100 to obtain the yarn

number in tex.
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Resistance to Abrasion

Abrasion resistance was measured by two methods performed

according to AATCC Method 93-1970. Specimens were tested for ab-

rasion in the Accelerotor fitted with a 4-1/2-inch, S-shape rotor, a

number 250 liner and a urethane foam cushion. Each new abrasive

liner was broken in by running a 4,1/2-inch square specimen of 80

x 80 finish-free cotton at 3000 rpm for 12 minutes. Each abrasive

liner was discarded after 24 minutes' run; after 12 minutes' run, the

rim next to the door was changed to the back of the chamber. Pinking

shears were used to cut the specimens, and a thin coating of rubber

adhesive was applied to each pinked edge.

For method A (evaluation by the weight loss method), the speci-

mens were run for 6 minutes at 2000 rpm. The rotor speed and the

length of time were decided by the preliminary test. Specimens were

weighed before and after abrasion on a Chainomatic balance (style

AB-4) to a precision of + 0.001 gram. The average loss in weight

for each specimen was calculated to + 0.1 percent. Three specimens

were tested for each fabric, one from each of the three blocks.

For method B (evaluation by the grab breaking strength loss

method), specimens, 4 x 16 inches were cut with the long direction

parallel to the warp and then cut in half. The original grab breaking

strength was determined on one half and the breaking strength after
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abrasion on the other half. Specimens to be abraded were folded

across the long dimension 2-1/2 inches from the end, making the

specimen into a 4 x 5-1/2-inch square. The 4 x 2-1/2-inch flap was

attached to the body of the specimen by a seam 1/4-inch from all

edges. Size A, white nylon thread and 11 stitches per inch were used.

On the basis of a preliminary test, the specimens were abraded

at a speed of 1500 rpm for 2 minutes. The stitching thread was then

carefully removed to restore the specimens to their 4 x 8 inch dimen-

sions. Breaking strength tests were done on both unabraded and

abraded specimens by the Grab Method, ASTM Designation: D 1682 -

64, and the percent strength loss for each pair of specimens was

calculated. Six specimens were tested for each fabric, two from

each of the three blocks.

Breaking Load and Elongation of Yarn

A Scott Inclined Plane Tester, model IP-2, was used to measure

yarn breaking load and elongation according to ASTM Designation:

D 2256 - 69. All specimens for acetate lining fabrics were tested

with a 250-gram load, while specimens for polyester lining fabrics

were tested with a 500-gram load. For both cotton fabrics, the

filling yarns were tested with a 250-gram load, and warp yarns were

run with 500-grams. For rayon fabrics, the filling yarns of rayon

B were tested with a 250-gram load, and its warp yarns, in addition
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to both yarns of rayon A, were tested with a 500-gram load. The

stress-strain curves were recorded automatically on the Tensilgram.

Sixty single yarn specimens for both the warp and filling direc-

tions were tested for the cotton and rayon: 20 from each of the three

blocks. For the acetate and polyester fabrics, 20 filament specimens

were tested. Calculations of the average breaking load in grams-

force and the average percentage elongation on the basis of the nom-

inal gage length were made.

Breaking Load and Elongation of Fabric

The ravelled strip test was done on a Model J Scott pendulum

tester (constant rate of traverse) with a capacity of 100 pounds ac-

cording to ASTM Designation: D 1682 - 64. Clamps were 3 inches

apart having both front and back jaws 3 inches in width and 2 inches

in length. The size of the specimen was 1-1/2-inch wide and 8 in-

ches long, ravelled 1/4 inch from each side so that the resulting

specimen was 1 inch wide, excluding fringes. Ten specimens were

tested for the warp direction: three from blocks I and II and four

from block III, Sixteen specimens were tested for the filling direc-

tion: five from blocks I and II and six from block III. The average

breaking loads for the warp and filling directions were calculated

separately to the nearest 0. 5 pound. The elongation of the specimen

was read from the chart, and the average percentage increase in
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length based upon the initial nominal gage length of the specimen was

calculated.

Tearing Strength

The tearing test was performed on an Elmendorf falling-pendu-

lum instrument according to ASTM Designation: D 1424 - 63. This

test determined the energy consumed in propagating a tear measuring

43 millimeters initiated from a 20-millimeter slit introduced at the

bottom edge of the specimen.

Ten specimens for warp and ten for filling were tested: three

from blocks I and II and four from block III. The specimens were

prepared according to the improved model. The slit of 20 millimeters

was made in the specimen by using the knife blade attached to the

instrument.

Preliminary tear tests were conducted for all test fabrics. The

proper capacity was selected so that most of the specimens tore be-

tween 20 to 60 percent of the scale value, as recommended by ASTM.

The tearing strengths of filling yarns of acetate A and both yarns of

acetate B were measured using the capacity of 1600 grams. The

capacity of 3200 grams was used for all the rest of the specimens.

It was thought best to test rayon B under a capacity of 3200 grams

even though pretesting indicated that it was the only fabric which re-

quired a 6400 capacity. Average force in grams to tear the specimen
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was calculated by multiplying the scale reading by the appropriate

factor for the capacity used.

Resistance to Yarn Slippage

Resistance to yarn slippage is the pounds pull (across a seam)

per inch of width necessary to produce an elongation of 1/4 inch in

excess of the normal stretch of the fabric under the same load. Re-

sistance to yarn slippage was measured according to ASTM Designa-

tion: D 434 - 42 on a Scott pendulum tester, Model J, with a capa-

city of 100 pounds. The clamps set 3 inches apart had front jaws 1

inch in width, and back jaws 3 inches in width.

The direction of the pull was determined in such a way that the

smaller force was required to produce slippage by the preliminary

test. Two specimens were prepared for one test: one 4 x 4 inches

and the other 4 x 10 inches cut with the long sides parallel to the fill-

ing yarns. The smaller piece was sewn to the longer piece with a

standard 1/2-inch seam in such a manner that the filling yarns in

both pieces ran in the same direction. A number 70 needle, size 50

white mercerized cotton thread and lock stitch, maintained at 14

stitches to the inch, were used on a Viking sewing machine.

The 4 x 10 inch part of the specimen was tested to obtain the

load-elongation curve for the fabric. The combined load-elongation

curve for fabric and seam was obtained by gripping the specimen in
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the clamps of the machine with the seam located midway between the

upper and lower clamps. The two load-elongation curves were made

on the same chart using the same coordinates. With a pair of dividers,

the difference in the two curves at a force of one pound was measured.

The dividers were then set for this distance plus 1/4 inch and moved

along the curves until the force where the two curves separated by

this distance was found. This force minus the 1 pound was recorded

as the resistance to yarn slippage. The specimens were tested for

each fabric: three from blocks I and II and four from block III.

Dimensional Stability

The test method was adapted from AATCC Test Method 135 -

1970. Three test specimens of 15 x 15 inches were cut, one from

each block. Three 10-inch gage marks parallel to the width of the

fabric and three marks parallel to the length were made as guides

for the measurement of shrinkage after laundering.

All 24 specimens were laundered and dried in one load. Hem,

med pieces (36 x 36) of type 128 bleached cotton sheeting were added

to test specimens until the total weight made four pounds. Fifty grams

of a synthetic detergent were used for each laundering. A jet action

automatic washer was set for a warm wash and warm rinse, normal

speed, full load water level, and normal soil. It operated at a mea-

sured water temperature of 40o C. for 25 minutes. The fabrics were
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dried in an automatic dryer for 37 + 5 minutes at 570 C.

It was necessary to slightly press some of the fabrics in order

to obtain accurate measurements.

Resistance to Wrinkling

The test method was adapted from AATCC Test Method 124-

1967. After the dimensional stability was measured, the appearance

of the same specimens was evaluated. Each specimen was rated in-

dependently by three observers according to the AATCC Three -

Dimensional Durable Press Replicas in a specially painted room which

had overhead fluorescent lighting. Ratings were done after the first

and the fifth laundering. Nine observations made on each lining fab-

ric (three judgments on each of three specimens) were averaged to

the nearest tenth of a rating.
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IV. PRESENTATION AND DISCUSSION OF DATA

Analysis of Data and Evaluation

Data for each test procedure, except for the resistance to yarn

slippage test, were treated by an analysis of variance to determine if

significant differences occurred among the individual fabrics and be-

tween the fabrics with the same fiber content. Resistance to yarn

slippage was not included in the analysis of variance because of insuf-

ficient data owing to the fact that half of the fabrics did not show

measurable resistance to yarn slippage. The least significant dif-

ference between the treatments was calculated for each comparison

at the 0.05 and 0.01 levels of significance (Appendix C).

The experimental data from each test procedure were analyzed

using simple correlation coefficient to determine if a significant re-

lationship occurred between the various properties.

Evaluation of the lining fabrics was done by ranking the perfor-

mance tests for both the individual fabrics and for the mean of the

fabrics of the same fiber content (Appendix B).

Resistance to Abrasion

The means for resistance to abrasion of fabrics of the same

fiber composition were significantly different at the 0.01 level by
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both methods--evaluation by weight loss and the evaluation by loss in

breaking load (Appendix C-1, C-2).

Resistance to abrasion of the individual lining fabric by the

weight loss method decreased in the following order:

polyester B > polyester A > cotton A > cotton B > rayon B > rayon A >

acetate A >acetate B. The mean resistance to abrasion of the two

lining fabrics with the same fiber content decreased in the same

order: polyester, cotton, rayon and acetate (Table 2).

In the evaluation of resistance to abrasion by the loss in break-

ing load, the two cottons ranked the best and the second while the two

acetate fabrics ranked the poorest and second poorest. Although the

mean resistance to abrasion of the two rayon linings was higher than

the mean resistance of the two polyesters, the rank of these four

fabrics varied in this order: rayon B > polyester B > rayon A >

polyester A. The correlation coefficient between the two methods

was 0.69, which was not high enough to have practical significance.

Percentage loss in breaking strength after abrasion was signi-

ficantly correlated with twist of yarn, -0.86 with warp twist and

-0.75 with filling twist (Figure 2). The higher correlation coefficient

with warp twist than with the filling could be explained by the fact that

breaking strength specimens were prepared in the warp direction.
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Table 2. Mean resistance to abrasion of eight lining fabrics and
lining fabrics with the same fiber content.

Fabric

Loss in Weight
(Percent)

Loss in Breaking Strength
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A 2.0 19. 0

2.2 17.4

Cotton 2.4 15.8

Rayon A 12.5 65. 0

7.7 47.2

Rayon 2.9 29.3

Acetate A 14.8-- 89.7

19.6 91.8

Acetate B 24.3 93.9

Polyester A 0.4 73.7

0.3 65.5

Polyester B 0.2 57.2
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Breaking Load and Elongation of Fabric

The mean breaking loads of the two cottons, two rayons, two

acetates and two polyesters were significantly different in both warp

and filling directions at the 0.01 level (Appendix C-3, C-4).

In both the warp and filling directions, the two acetate linings

ranked the poorest and next to the poorest in breaking load. The two

polyester linings exhibited the highest and the second highest break-

ing load in the filling direction. In the warp direction they had the

highest and the third highest, but with only a 0.8 pound difference

between the second (rayon A) and the third highest in the breaking

load (Table 3).

Cotton linings and rayon linings exhibited breaking loads mid-

way between those of the acetate and the polyester linings. There

was slight difference in breaking load between the two cotton linings

and the two rayon linings except in the breaking load of the warp

direction of rayon A. Rayon A showed higher breaking loads than

rayon B in both warp and filling directions with an exceptionally high

breaking load in the warp direction (a difference of 21.6 pounds).

This could possibly be due to the fact that the rayon A was made of

high-wet-modulus rayon and also had a warp count 30 yarns greater

than the filling count. Cotton A, treated with mercerization, had 7. 6

pounds greater breaking load in the warp direction than cotton B, and
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Table 3. Mean breaking load of eight lining fabrics and lining
fabrics with the same fiber content.

Fabric

Warpwise
(Pounds)

Fillingwise
(Pounds)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton B

Rayon A

Rayon B

Acetate A

Acetate B

Polyester A

Polyester B

39. 8 20. 6

23.9

22.3

32.2

36.0

27.752.9

31.3

42.1

23. 6--

12. 7

25. 7

12. 4

25. 1

12.122. 5

23.8

-

52. 861.4

56. 8 44. 6

36. 452. 1
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3. 3 pounds less breaking load than cotton. B in the filling direction.

Mercerization did not appear to consistently increase breaking

strength as would be expected from previous reading.

Polyester A exhibited a higher breaking load than polyester B

in both directions--.warp and filling. This could possibly have been

due to the fact that polyester A had a significantly higher yarn elon-

gation (Table 4) in both directions and contained larger warp and

filling yarns.

The breaking load in the warp direction of the fabric was con-

sistantly higher than that in the filling direction of all fabrics.

Highly significant correlation coefficients (Figure 3), occurred

between the breaking load of fabric in the warp direction and the fill-

ing direction (0.90) and between the breaking load of yarn (Table 5)

in the warp direction and the filling direction (0. 93). There were

also significantly high correlation coefficients between the warp fab-

ric breaking load and yarn breaking load of both warp and filling

direction, and between the filling fabric breaking load and the yarn

breaking load of both warp and filling direction (Figure 4).

In the warp direction, the two polyesters elongated the most

and the two cottons the least. Rayon and acetate were intermediate.

In the filling direction, the two cottons had the lowest elongation.

Except for cotton, elongation of two fabrics with the same fiber con-

tent was not consistent (Table 6).
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Table 4. Mean yarn elongation of eight lining fabrics and lining
fabrics with the same fiber content.

Fabric

Warpwis e
(Percent)

Fillingwis e
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

0-

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton B

Rayon A

3. 2

4. 0

7. 9

8. 3

4. 7 8. 7---

6. 9 11. 1
8. 5 11. 5

Rayon 10. 1 11. 9

Acetate A 11. 2 28. 1

10. 2 24. 5

Acetate B 9. 2 20. 8

Polyester A 19.9 24. 5

16. 8 20. 2

Polyester B 13. 7 15. 9
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Table 5. Mean yarn breaking load of eight lining fabrics and
lining fabrics with the same fiber content....a

Fabric

Warpwis e
(Grams)

Fillingwise
(Grams)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton 175.2 121.5

178.7 131.1

Cotton 182.2 140.7

Rayon 229.8 191. 9

203.5 174.9

Rayon 177.2 157.8

Acetate 109.0 100.2

100. 6 95. 6

Acetate 92.1 90.9

Polyester A 266.2 272.4

228.8 227.3

Polyester B 191.3 182.2
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Table 6. Mean fabric elongation of eight lining fabrics and
lining fabrics with the same fiber content.

Fabric

Warpwis e
(Percent)

Fillingwis e
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton B

Rayon A

3. 3

4.2

10.1

11.2

5. 1 12.2

9. 6 16.5
10.7 18. 6

Rayon 11.7 20.6

Acetate A 12.5 30. 8

26. 512.1

Acetate B 11.6 22.1

Polyester A 24.0 28.5

20.2 22. 8

Polyester B 16.4 17.1
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Tearing Strength

Rayon B consistently ranked the highest in resistance to tearing

in both directions. The tearing strength of the two acetates ranked

the poorest in the filling direction, and the poorest and the third poor-

est in the warp direction (Table 7).

There were large differences in tearing strength between the

two lining fabrics which had the same fiber content with the exception

of cotton linings. Rayon B exhibited almost twice as high a tearing

strength as rayon A in both warp and filling directions. This could

possibly have been due to the fact that rayon B had a significantly

higher fabric elongation in both warp and filling directions. Poly-

ester A also showed almost twice as high a tearing strength as poly-

ester B. This could possibly be due to the fact that polyester A had

a higher breaking load and elongation of yarn and fabric than poly-

ester B. The anti-static finish might have contributed to the higher

tearing strength of polyester A.

A highly significant coefficient of correlation, 0.95, (Figure 5),

was found between the warp and filling tearing strength for all the

experimental fabrics. Except for this one case, no relationship was

found between tearing strength and any of the other test variables.
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Table 7. Mean tearing strength of eight lining fabrics and
lining fabrics with the same fiber content.

Fabric
Warp (Grams) Filling (Grams)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A 461.3 316.5

397.8 295.6

Cotton 334.2 274.7

Rayon 481.8 323.2

625.4 488.7

Rayon 654.2769.0

Acetate A 101.0292.5

187.2 73.2

Acetate 81.9 45.4

Polyester A 435.2482.2

372.2 330.3

Polyester B 262.2 225.4
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Resistance to Yarn Slippage

Resistance to slippage was too high to be measured in cottons,

rayon A and acetate B. These fabrics broke at the seam before yarn

slippage occurred. Among the four fabrics with measurable slippage,

resistance to slippage was greater for the polyester fabrics. Rayon

B was intermediate and acetate A had the lowest resistance to slip-

page (Table 8).

Rayon A had a crisp hand which could have been the result of

the use of finishing agents. Rayon B had a slippery hand due to the

fact that its filling yarn was made of filaments. These two factors

might explain why rayon A did not exhibit measurable resistance to

slippage while rayon B showed a resistance of 12.7 pounds to yarn

slippage.

Although the acetate fabrics were made of filament yarn which

is smooth, the resistance of acetate A to yarn slippage was noticeably

poor compared to that of the polyester linings.

Dimensional Stability

After one laundering, the mean percentage of warpwise shrink-

age of the two cottons, two rayons, two acetates and two polyesters

was significantly different at the 0. 01 level (Appendix C-7).

In the warpwise direction, after both one and five launderings

(Table 9 and 10), the percentage shrinkage of linings increased in the

following order: polyester < cotton < acetate < rayon, the only

exception being rayon A after five launderings. In the fillingwise



Table 8. Mean resistance to yarn slippage of eight lining fabrics
and lining fabrics with the same fiber content.

Fabric

Slippage of Warp on Filling
(Pounds)

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton

Rayon A ---*

Rayon 12.7

Acetate A 3.3

Acetate B

Polyester A 36.5

31.0

Polyester B 25.4

* Resistance to slippage was not measurable.

49
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Table 9. Mean dimensional stability of eight lining fabrics and
lining fabrics with the same fiber content after one
laundering.

Fabric

Warpwis e
(Percent)

Fillingwise
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A -1. 30 --- -4. 95

26 18-1. -4.

Cotton -1.22 -3. 40

Rayon A 40 30-3. -3.

-4. 03 -2. 57

Rayon 65 1. 83-4.

Acetate A -3. 10 -4. 49
-2. 80 60-4.

Acetate B 49 70-2. -4.

Polyester A 09

10

+0.

-0. 05

-0.

-0.

Polyester B -0. 17-0. 11

* Plus sign indicates that the fabric stretched.
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Table 10. Mean dimensional stability of eight lining fabrics and
lining fabrics with the same fiber content after five
launderings.

Fabric

Warpwis e
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton

-1. 96

-1.49

-1.73

Rayon A -3.66 ---

-5. 05

Rayon 44-6.

Acetate A 57-4.

-4. 48

Acetate B 39-4.

Polyester A -0. 53

35-0.

Polyester B 16-0.

Fillingwis e
(Percent)

Individual Fabrics of Same
Fabrics Fiber Content

- 6. 55

- 3. 14

- 5. 09

- 6. 72

+0. 13*

- 0. 32

- 4. 85

-2. 37

- 5.91

- 0. 10

*Plus sign indicates that the fabric stretched.
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direction, after both one and five launderings, the percentage shrink-

age increased in the following order: polyester< rayon< cotton<

acetate, the only exception being cotton A. Polyester consistently

changed least in dimensions in both directions. Except for polyester,

there was appreciable shrinkage in each fabric.

Progressive shrinkage occurred warpwise in all fabrics and

fillingwise except for both rayons and cotton B. Stretching occurred

in the filling direction in cotton B and both rayons after five launder-

ings, but the resulting dimensions were shorter than in the original

specimens. It was interesting to note that polyester A stretched in

the filling direction from the first laundering and stretched more

after five launderings. Although shrinkage was progressive, most

of the shrinkage happened in the first laundering.

Appreciably more shrinkage occurred in the filling direction

than in the warp direction in the case of cottons and acetates. Ex-

ceptionally high shrinkage in the warpwise direction of rayon B could

have resulted because of two factors. The warp twist (29.4 tpi) of

rayon B was much higher than the twist of the filling yarn (12. 6 tpi).

The other factor is that the filling is filament yarn while the warp is

spun yarn. For this reason the filling yarn did not swell as much,

resulting in less shrinkage.

The percentage shrinkage obtained in this experiment did not

always agree with that indicated on the label. Both polyester linings
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and cotton A conformed to the label, while cotton B and rayon B ex-

ceeded the stated percentage of shrinkage.

A highly significant correlation coefficient, 0.94 was found be-

tween shrinkage after one laundering and five launderings in both the

warp (Figure 6) and filling directions (Figure 7).

The correlation coefficient between the dimensional change in

the warp direction and the filling count was significant both after one

laundering, -0.82 (Figure 8) and after five launderings, -0.83

(Figure 9). The fabrics containing fewer filling yarns shrank more

in the warp direction because woven fabrics with fewer yarns in one

direction have more room to be jammed in that direction.

Resistance to Wrinkling

Polyester linings had the highest resistance to wrinkling after

both one and five launderings (Table 11). Acetate A showed almost

as high resistance to wrinkling as the polyesters after one laundering,

but the rating dropped significantly after five launderings. Some

kind of finishing treatment on acetate A could have helped increase

resistance to wrinkling and may have washed out during the four

additional launderings. After five launderings acetate linings ranked

the lowest in resistance to wrinkling with cottons and rayons inter-

mediate.

Cotton B, which had a wrinkle-resistant finish according to the
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Keys x Cottons

Rayons

O Acetates

Polyesters A

0

Y = -0.027 +0.71 X

R2 = 0.94

1 2 3 4 5 6

Dimensional change after 5 launderings (Percent )

Figure 6. Relationship between dimensional change in warp direction after one laundering
and after five launderings.

Y

Keys: X Cottons

A Rayons

0 Acetates
Polyesters

nx

0

Y= 0.53 + 0.69 X

R2 =0.94

2 3 4 5 6 7

Dimensional change after 5 launderings (Percent)

Figure 7. Relationship between dimensional change in the filling direction after one laundering
and after five launderings.
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Y
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60

50

A

Keys: x Cottons
a Rayons
o Acetates

. Polyesters

R2R -0. 82

5.0 X

1 1 1 I I I I

1 2 3 4 5 6 7

Dimensional change (Percent)

Figure 8. Relationship between warpwise dimensional change after one laundering
and filling count.

Y 100

A

Y = 88. 3 - 4. 8X
2

R = -0.83

2 3 4

0 0

X Cottons

p Rayons

0 Acetates
11 Polyesters

1

X

5 6 7

Dimensional change (Percent)

Figure 9. Relationship between warpwise dimensional change after five launderings
and filling count.
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Table 11. Resistance to wrinkling of eight lining fabrics and
lining fabrics with the same fiber content rated by
AATCC Three-Dimensional Durable Press Replicas. *

Fabrics
1 Laundering 5 Launderings

Individual Fabrics of Same
Fabrics Fiber Content

Individual Fabrics of Same
Fabrics Fiber Content

Cotton A

Cotton

1. 1. 7_

2. 0

9

2. 5

3. 0 2. 2

Rayon A 1.9--2. 2

2. 4 1. 8

Rayon 2. 6 1. 7

Acetate A 3. 2 1. 6

1. 52. 7

Acetate B 1. 32. 1

Polyester A 2.3. 4 9

3. 4 2. 9

Polyester B 3. 3 2. 8

* The higher the number of the durable press rating, the smoother
the fabric and the better the retention of the original appearance.
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label, exhibited higher ratings than cotton A, the label of which

claimed it had a wash and wear treatment. Visual ratings of wrinkle

resistance for each fabric dropped after five launderings.
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V. SUMMARY AND CONCLUSION

This research project was designed to compare lining fabrics

on the basis of serviceability properties such as resistance to abra-

sion, resistance to yarn slippage, breaking load and elongation,

tearing strength, dimensional stability and resistance to wrinkling.

Eight commonly-used lining fabrics made of one kind of fiber- -

two each of cotton, rayon, acetate and polyester--were selected for

the study. To limit the number of variables, all of the fabrics were

white, light-weight and plain weave.

All fabrics were analyzed for their basic characteristics such

as fabric count, weight, thickness, twist and yarn number (tex) to

find the possible relationships that existed between these character-

istics and the probable serviceability of the fabrics on the basis of

the previously mentioned properties.

The tests were conducted according to the standard methods

recommended by the American Society for Testing and Materials and

the American Association of Textile Chemists and Colorists, with

slight variations when required. All test specimens were conditioned

and tested in the standard atmosphere of 70+ 2 degrees Fahrenheit at

65 + 2 percent relative humidity.

Specimens for each test were randomized to contain different

yarns with the same grain direction, and the test specimens were
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distributed among the three blocks.

The analysis of variance was conducted, and the least signifi-

cant difference between treatments was calculated for each compari-

son at the 0. 05 level and the 0. 01 level of significance. The data

were also analyzed by simple correlation coefficient for all properties

to determine if a significant relationship occurred between the fabric

performance and the basic characteristics of the fabrics.

The mean resistances to abrasion of the two cottons, two rayons,

two acetates and two polyesters were significantly different at the

0. 01 level on the basis of the loss in weight and in breaking load.

Rank by each method did not agree as indicated by a 0. 69 cor-

relation coefficient. Acetate, as the poorest, was the only one which

had the same rank in both methods. Polyester lost the least

weight followed by cotton and rayon. Cotton lost the least strength,

followed by rayon and polyester.

There were significant differences in the mean breaking load of

linings with the same fiber content at the 0. 01 level for both warp

and filling directions. Polyester lining fabrics exhibited the highest

breaking load followed by rayon, cotton and acetate. The warp direc-

tion of all the fabrics was consistently higher in breaking load than

the filling direction. A highly significant correlation coefficient was

found between the fabric breaking load in the warp direction and in the

filling direction, and between the yarn breaking loads in the warp and
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filling directions. There was a highly significant correlation between

the fabric breaking load in the warp direction and the yarn breaking

load in both warp and filling directions, and between the fabric break-

ing load in the filling direction and the yarn breaking load in both warp

and filling directions.

In general, acetate lining was the poorest and rayon lining was

the best in tearing strength. There was significant correlation be-

tween the warp and filling tearing strengths. All of the experimental

fabrics had higher tearing strength in the warp direction than in the

filling direction.

Resistance to slippage was too high to be measured in cottons,

rayon A and acetate B. These fabrics broke at the seam before

measurable yarn slippage occurred. Among the four fabrics with

measurable slippage, resistance to slippage was greater for the

polyester fabrics, rayon B was intermediate, and acetate was the

lowest.

In both directions, after one and five launderings, polyester

linings showed the least mean dimensional change. Progressive

shrinkage occurred in most of the fabrics, while one polyester lining

fabric stretched in the filling direction. The percentage shrinkage

of cotton B and rayon B exceeded the percentage shrinkage on the

labels. There was highly significant correlation between shrinkage

in both directions after one laundering and after five launderings.
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The correlation between the dimensional change in the warp direction

and the filling count after both launderings was also significant.

Polyester linings had the highest resistance to wrinkling after

both one and five launderings. After five launderings, acetate linings

ranked the lowest in resistance to wrinkling, and cottons and rayons

were intermediate. Visual ratings for each fabric dropped after five

launderings.

From this study it was found that any one lining fabric does not

satisfy all of the desirable characteristics that a good quality lining

can be expected to have. Linings with different fiber components

have their own advantages and disadvantages. However, it was pos-

sible to rank to a certain degree the lining fabrics in terms of fiber

for each fabric performance test. Polyester showed the greatest

resistance to abrasion and was also the highest in yarn and fabric

breaking strength. It also had the least dimensional change: There-

fore, based on these tests, polyester linings could offer several ad-

vantages as a lining fabric. Rayon lining fabrics showed the greatest

resistance to tearing and ranked second in yarn and fabric breaking

strength. Cotton linings consistently had the least yarn slippage at the

seams and had good resistance to abrasion, ranking first on the basis

of loss in breaking load and second on the basis of weight loss.

Acetate ranked the poorest or next to the poorest in the majority of
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the serviceability tests. Since no fabric met all needs, it would be

wise for the consumer to consider what serviceability qualities she

wants to obtain from lining fabric before she purchases it.
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VI. RECOMMENDATIONS FOR FURTHER STUDY

All the serviceability properties of lining fabrics were not

measured in this study. This study was designed only on the basis

of white, plain weave and light-weight lining fabrics made from one

kind of fiber. The following additional investigations may have signi-

ficance to the consumer in selecting lining fabrics:

1. A comparison of lining fabrics of the same fiber con-

tent and of different fabric constructions.

2. Comparison of colorfastness to atmospheric fading,

perspiration, crocking, washing and drycleaning.

3. The effect of laundering and drycleaning methods on

the dimensional stability, breaking strength and sur-

face appearance of lining fabrics.

4. Comparison of static clinging tendency between linings

with different fiber content.

5. The effects and durability of an anti-static finish on

polyester linings.

6. Comparison of laboratory results with a wear test of

garments lined with the same fabrics used in this

study.
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APPENDIX A

SPECIMEN LAYOUT

Key to the Specimen Layout

1. Weight*

2. Twist

3. Yarn Number

4. Resistance to Abrasion (Method A)

5. Resistance to Abrasion (Method B)

6. Breaking Load and Elongation of Yarn

7. Breaking Load and Elongation of Fabric

8. Tearing Strength

9. Resistance to Yarn Slippage

10. Dimensional Stability**

* Thickness was measured on the weight specimens.

** Resistance to wrinkling was measured on the dimen-

sional stability specimens.
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Count, Weight, Thickness, Yarn Type, Yarn Size and Twist of Yarns

Fabric

Count Weight
(Grams)

Thickness
(Inches)

Yarn Type Yarn Size
(Tex)

Twist
(TPI)

F W F W F W F

Cotton
Fabric A 94.9 75.6 0.81 0. 0058 S S 8.085 0.520 29.0 35.7

Fabric B 91.0 77.1 0.94 0.0070 S S 10.055 9.870 33.0 36.3

Mean 93.0 76.4 0.88 0.0064 9.070 5.195 31.0 36.0

Rayon
Fabric A 93.1 63.1 1.27 0.0084 S S 13.815 14.760 25.4 28.7

Fabric B 80.6 69.0 0.97 0.0070 S F 10.625 12.580 29.4 12.6

Mean 86.9 66.1 1.12 0.0077 12. 220 13. 670 27.4 20.7

Acetate
Fabric A 111.9 61.9 0.73 0.0039 F 7.240 8.180 1.0 2.8

Fabric B 111.3 62.9 0.72 0.0033 F F 7.195 8.275 0.8 2.5

Mean 111.6 62.4 0.73 0.0036 7. 218 8. 228 0. 9 2.7

Polyester
Fabric A 108.5 92.9 0.63 0.0026 F F 5.555 5.835 0.0 0.5

Fabric B 131.8 92.8 0.65 0.0028 F F 5.170 5.340 2.7 1.0

Mean 120.2 92.9 0.64 0.0027 5.363 5.588 1.4 0.8
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Breaking Load and Elongation of Yarn and Fabric

Fabric

Yarn Fabric
Breaking Load Elongation Breaking Load Elongation

(Grams) (Percent) (Pounds) (Percent)

W F W F W F W F

Cotton
Fabric A 175.2 121.5 3. 2 7.9 39.8 20.6 3. 3 10.1

Fabric B 182.2 140.7 4.7 8.7 32.2 23.9 5. 1 12. 2

Mean 178.7 131.1 4.0 8.3 36.0 22.3 4.2 11.2

Rayon
Fabric A 229.8 191.9 6. 9 11.1 52.9 27.7 9.6 16.5

Fabric B 177.2 157.8 10.1 11.9 31.3 23.6 11.7 20.6

Mean 203.5 174.9 8.5 11.5 42.1 25.7 10.7 18.6

Acetate
Fabric A 109.0 100.2 11.2 28.1 25.1 12.7 12.5 30. 8

Fabric B 92.1 90.9 9.2 20.8 22.5 12.1 11.6 22.1

Mean 100.6 95.6 10.2 24.5 23.8 12.4 12.1 26.5

Polyester
Fabric A 266.2 272.4 19.9 24. S 61.5 52.8 24.0 28.5

Fabric B 191.3 182.2 13.7 15.9 52.1 36.4 16.4 17. 1

Mean 228. 8 227. 3 16.8 20. 2 56. 8 44.6 20. 2 22.8
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Tearing Strength, Resistance to Slippage, Resistance to Abrasion, Dimensional Stability and Resistance to Wrinkling

Fabric

Tear Strength
(Grams)

Resistance to
Slippage
(Pounds)

Resistance to Dimensional Stability
Abrasion (Shrinkage in Percent)
(Percent) 1 Laundering 5 Launderings

Resistance to Wrinkling
(DP Rating)

1 Laundering 5 Launderings

W F

Loss in Loss in
Weight Strength W F W F

Cotton
Fabric A 461.3 316.5 2.0 19.0 1.30 4. 95 1.96 6.55 1.9 1.7

*
Fabric B 334. 3 274.1 2.4 15.8 1.22 3.40 1.49 3.14 3.0 2. 2

Mean 397.8 295.6 2. 2 17.4 1.26 4.18 1.73 4.85 2.5 2.0

Rayon
Fabric A 481.8 323.2 * 12.5 65.0 3. 40 3. 30 3.66 3.04 2'.. 2 1. 9

Fabric B 769.0 654.2 12.7 2.9 29.3 4.65 1.83 6.44 1.70 2.6 1. 7

Mean 625.4 488.7 6. 4 7.7 47.2 4.03 2.57 5.05 2. 37 2. 4 1.8

Acetate
Fabric A 292.5 101.1 3. 3 14.8 89.7 3.10 4.49 4.57 S. 09 3.2 1.6

Fabric B 81.9 45.4 - * 24.3 93.9 2.49 4. 70 4.39 6.72 2.1 1. 3

Mean 187.2 73.2 1.7 19.6 91.8 2.80 4. 60 4.48 5.91 2.7 1.5

Polyester
Fabric A 482.2 435.2 36.5 0.4 73.7 0.09 -0.08 0.53 -0.13 3.4 2.9

Fabric B 262.2 225.4 25.4 0.2 57.2 0.11 O. 17 0.16 O. 32 3.3 2.8

Mean 372.2 330.3 31.0 0.3 65.5 0.10 0.05 0.35 0.10 3..4 Z.9

* Resistance to slippage was not measurable.
** The higher the number of the durable press rating, the smoother the fabric and the better the retention of the original appearance.
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Differences between means for resistance to abrasion of eight lining fabrics and lining fabrics
with the same fiber content by weight loss method.

Percent
Pol. A
(0.36)

Cot. A
(2.05)

Cot. B
(2. 37)

Ray. 13
(2.94)

Ray. A
(1 2. 49)

Ace. A
( 1 4. 80)

Ace. B
(24.25)

Pol. B
(0. 25)

Pol. A
(O. 36)

Cot. A
(2. 05)

Cot. B
(2.37)

Ray. B
(2. 94)

Ray. A
(12. 49)

Ace. A
(1 4. 80)

0.11 1.80*

1.69*

2. 12**

2.01 **

0.32

2. 69**

2.58 **

0.89

0.57

12. 24**

1 2. 13**

10. 44**

10.12 **

9.55 **

14. 65**

1 4. 44**

1 2. 75**

1 2. 43**

11.86 **

2.31 **

24. 00**

23.89 **

22. 20**

21.88 **

21.31 **

11.76 **

9.45 **

LSD 5% =
LSD 1% =

1. 31
1. 81

Percent
Cotton
(2.21)

Rayon
(7.72)

Acetate
(1 9. 53)

Polyester
(0.31)

Cotton
(2. 21)

Rayon
(7.72)

1.90** 7.41**

5.51**

19.22**

17.32**

11.81**

LSD 5% =
LSD 1% =

.0.93
1.28

* Significant at the 5% level.

** Significant at the 1% level.



77

APPENDIX C - 2

Difference between means for resistance to abrasion of eight lining fabrics and lining fabrics
with the same fiber content by loss in breaking load method.

Percent Cot. A
(19.6)

Ray. B
(29.3)

Pol. B
(57.2)

Ray. A
(65.0)

Pol. A
(73.7)

Ace. A
(89.7)

Ace. B
(93.9)

Cot. B
(15.8)

Cot. A.
(19.6)

Ray. B
(29.3)

Pol. B
(57.2)

Ray. A
(65.0)

Pol. A
(73.7)

Ace. A
(89.7)

3.8* 13.5 **

9.7 **

41.4**

37.6**

27. 9**

49.2 **

45.4**

35. 7**

7.8**

57.9 **

54.1 **

44. 4**

16.5 **

8.7 **

73.9**

70.1 **

60. 4**

32.5 **

24.7 **

16.0**

78.1 **

74.3 **

64. 6**

36.7 **

28.9 **

20.2 **

4. 2**

LSD 5% =
LSD 1% =

3.01
4.15

Percent
Rayon
(47.2)

Polyester
(65.5)

Acetate
(91.8)

Cotton
(17.4)

Rayon
(47.2)

Polyester
(65.5)

29.8 ** 48.1**

18.3 **

74.4**

44.6 **

26. 3**

LSD 5% =
LSD 1% =

2.13
2.93

*Significant at the 5% level.

**Significant at the 1% level.
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APPENDIX C - 3

Differences between means of warpwise breaking load of eight lining fabrics and lining fabrics
with the same fiber content.

Pounds Ace. A
(25.1)

Ray. B
(31.3)

Cot. B
(32.2)

Cot. A
(39.8)

Pol. B
(52.1)

Ray. A
(52.9)

Pol. A
(61.4)

Ace. B
(22.5)

Ace. A
(25.1)

Ray. B
(31.3)

Cot. B
(32. 2)

Cot. A
(39.8)

Pol. B
(52.1)

Ray. A
(52.9)

2. 6** 8. 8**

6.0**

9. 7**

7.1 **

0.9

17. 3**

14.7 **

8.5 **

7.6 **

29. 6**

27.0**

20.8 **

19.9 **

12.3 **

30. 4**

27.8 **

21.6 **

20.7 **

13.1**

0.8

38. 9**

36.3 **

30.1**

29.2 **

21.6 **

9. 3**

8. 5**

LSD 5% =
LSD 1% =

1.04
1.43

Pounds
Cotton
(36.0)

Rayon
(42.1)

Polyester
(56.8)

Acetate
(23.8)

Cotton
(36.0)

Rayon
(42.1)

12.2 ** 18.3 **

6.1 **

33.0**

20.8 **

14. 7**

LSD 5% =
LSD 1% =

0.74
1. 01

* Significant at the 5% level.

** Significant at the 1% level.
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APPENDIX C - 4

Differences between means for fillingwise breaking load of eight lining fabrics and lining
fabrics with the same fiber content.

Pounds
Ace. A
(12.7)

Cot. A
(20.6)

Ray. B
(23.6)

Cot. B
(23.9)

Ray. A
(27.7)

Pol. B
(36.4)

Pol. A
(52.8)

Ace. B
(12.1)

Ace. A
(12.7)

Cot. A
(20.6)

Ray. B
(23.6)

Cot. B
(23.9)

Ray. A
(27.7)

Pol. B
(36.4)

0.6 8.5 **

7.9 **

11.5 **

10.9 **

3.0**

11.8 **

11.2 **

3.3 **

0.3

15.6**

15.0**

7.1 **

4.1**

3.8 **

24.3 **

23.7 **

15.8 **

12.8 **

12.5 **

8.7 **

40.7 **

40.1 **

32.2 **

29.2 **

28.9 **

25. 1**

16. 4**

LSD 5% =
LSD 1% =

0.98
1.35

Pounds
Cotton
(22.3)

Rayon
(25.6)

Polyester
(44.6)

Acetate
(12.4)

Cotton
(22.3)

Rayon
(25.6)

9.9** 13.2 **

3.3 **

32.2 **

22.3 **

19. 0**

LSD 5% =
LSD 1% =

0. 69
0. 95

* Significant at the 5% level .

** Significant at the 1% level
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APPENDIX C 5

Difference between means of warpwise tearing strength of eight lining fabrics and lining fabrics
with the same fiber content.

Grams

Ace. B
(81.9)

Pol. B
(262.2)

Ace. A
(292.5)

Cot. B
(334. 2)

Cot. A
(461.3)

Ray. A
(481.8)

Pol. A
(482. 2)

Pol. B Ace. A Cot. B Cot. A Ray. A Pol. A Ray. B
(262.2) (292.5) (334.2) (461.3) (481.8) (482.2) (769.0)

180. 3** 210. 6** 252. 3** 379. 4** 399. 9** 400. 3** 687. 1**

30.3 72.0** 199. 1** 219. 6** 220. 2** 506. 8**

41.7* 168.8 ** 189.3 ** 189.7 ** 476.5 **

127.1 ** 147.6 ** 148.0 ** 434.8 **

20.5 20.9 307. 7**

0.4 287. 2**

286. 8**

LSD 5% = 36. 8
LSD 1% = 50.6

Grams

Acetate
(187. 2)

Polyester
(372. 2)

Cotton
(397.8)

LSD 5% = 26.03
LSD 1% = 35.79

Polyester Cotton Rayon
(372.2) (397.8) (625.4)

185.0** 210. 6** 438. 2**

25.6 253.2 **

227. 6**

* Significant at the 5% level.

** Significant at the 1% level.
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APPENDIX C - 6

Difference between means of fillingwise tearing strength of eight lining fabrics and lining
fabrics with the same fiber content.

Grams
Ace. A
(101.0)

Pol. B
(225.4)

Cot. B
(274.7)

Cot. A
(316.5)

Ray. A
(323.2)

Pol. A
(435.2)

Ray. B
(654.2)

Ace. B
(45.4)

Ace. A
(101.0)

Pol. B
(225.4)

Cot. B
(274.7)

Cot. A
(316.5)

Ray. A
(323.2)

Pol. A
(435. 2)

55.6 ** 180. 0**

124.4**

229. 3**

173.7 **

49.3**

271 . 1**

215.5 **

91.1**

41.8 **

277. 8**

222.2 **

97.8**

48.5 **

6.7

389. 8**

334.2 **

209.8**

160.5 **

118.7 **

112. 0**

608. 8**

553.2 **

428.8**

379.5 **

337.7 **

331.0**

219.0**

LSD 5% =
LSD 1% =

25.14
34.64

Grams
Cotton
(295.6)

Polyester
(330.3)

Rayon
(488.7)

Acetate
(73. 2)

Cotton
(295.6)

Polyester
(330. 3)

222. 4** 257.1**

34.7 **

415.5 **

193.1**

158.4**

LSD 5% =
LSD 1% =

17. 78
24.50

* Significant at the 5% level.

** Significant at the 1% level.
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APPENDIX C 7

Difference between means of warpwise dimensional change of eight lining fabrics and lining
fabrics with the same fiber content after one laundering.

Percent
Pol. B
(-0.11)

Cot. B
( -1.22)

Cot. A
( -1.30)

Ace. B
( -2.49)

Ace. A
(-3.10)

Ray. A
(-3. 40)

Ray. B
( -4.65)

Pol. A
(-0.09)

Pol. B
(-0.11)

Cot. B
( -1. 22)

Cot. A
(-1. 30)

Ace. B
(-2. 49)

Ace. A
( -3.10)

Ray. A
( -3.40)

-0.02 -1.13**

-1. 11**

- 1.21 **

-1.19**

-0.08

2.40**

-2. 38**

- 1.27 **

- 1.19 **

- 3.01 **

-2. 99**

- 1.88 **

- 1.80**

-0.61

- 3.31 **

-3. 29**

- 2.18 **

2.10 **

-0.91*

-0.30

-4.56**

-4. 54**

- 3.40 **

-3.35**

- 2.16 **

-1.55**

-1. 25**

LSD 5% =
LSD 1% =

0. 78
1. 07

Percent
Cotton
( -1. 26)

Acetate
( -2.80)

Rayon
( -4.03)

Polyester
(-0.10)

Cotton
(-1. 26)

Acetate
(-2. 80)

-1.16** -2.70**

-1.54**

-3.93**

-2.77**

-1.23**

LSD 5% =
LSD 1% =

0.55
0. 76

* Significant at the 5% level.

** Significant at the 1% level.
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APPENDIX C - 8

Difference between means of fillingwise dimensional change of eight lining fabrics and lining
fabrics with the same fiber content after one laundering.

Percent
Pol. B
( -0.17)

Ray. B
( -1.83)

Ray. A
( -3.30)

Cot. B
( -3. 40)

Ace. A
( -4.49)

Ace. B
( -4.70)

Cot. A
( -4.95)

Pol. A
(0.08)

Pol. B
(-0.17)

Ray. B
(-1. 83)

Ray. A
(-3. 30)

Cot. B
( -3.40)

Ace. A
(-4. 49)

Ace. B
( -4. 70)

-0.09 1.75 **

1.66 **

- 3.22 **

-3.13**

1.47 **

- 3.32 **

3.23 **

-1.57**

-0.10

4.41 **

- 4.32 **

2.66 **

-1 . 19**

-1 . 09**

- 3.62 **

-4.53**

- 2.87 **

- 1.40 **

- 1.30**

-0. 21

- 4.87 **

- 4.78 **

- 3.12 **

-1 . 65**

- 1.55 **

-0. 46**

-0. 25

LSD 5% =
LSD 1% =

0. 35
0.45

Percent
Rayon
(-2.57)

Cotton
(-4.18)

Acetate
( -4.60)

Polyester
(-0. 05)

Rayon
(-2. 57)

Cotton
( -4.18)

-2. 52** -4.13**

- 1.61 **

-4. 55**

- 2.03 **

-0. 42**

LSD 5% =
LSD 1% =

0. 23
0.32

* Significant at the 5% level.

** Significant at the 1% level.
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APPENDIX C - 9

Difference between means of warpwise dimensional change of eight lining fabrics and lining
fabrics with the same fiber content after five launderings.

Percent Pol. A
( -0.53)

Cot. B
( -1.49)

Cot. A
( -1.96)

Ray. A
( -3.66)

Ace. B
( -4.39)

Ace. A
(-4.57)

Ray. B
( -6.44)

Pol. B
( -0. 16)

Pol. A
(-0.53)

Cot. B
(-1.49)

Cot. A
( -1.96)

Ray. A
(-3. 66)

Ace. B
(-4. 39)

Ace. A
( -4.57)

-0. 37 -1. 33**

- 0.96 **

-1. 80**

- 1.43 **

-0.47*

-3. 50**

- 3.13 **

-2. 17**

- 1.70**

-4. 23**

- 3.84**

-2. 90**

- 2.43 **

-0. 73**

-4. 41**

- 4.04**

- 3.08 **

- 2.61 **

-0. 91**

-0.18

-6. 28**

- 5.91 **

-4. 95**

4.88 **

-2. 78**

- 2.05 **

-1. 87**

LSD 5% =
LSD 1% =

0.42
0.58

Percent
Cotton
( -1.73)

Acetate
( -4.48)

Rayon
( -5.05)

Polyester
(-0. 35)

Cotton
( -1.73)

Acetate
(-4. 48)

-1. 38** -4.

-2.

13**

75**

-4.

-3.

-0.

70**

32**

57**

LSD 5% =
LSD 1% =

0. 30
0.41

* Significant at the 5% level .

** Significant at the 1% level.
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APPENDIX C - 10

Difference between means of fillingwise dimensional change of eight lining fabrics and lining
fabrics with the same fiber content after five launderings.

Percent
Pol. B
( -0.32)

Ray. B
( -1.70)

Ray. A
( -3.04)

Cot. B
(-3.14)

Ace. A
( -5.09)

Cot. A
(-6.55)

Ace. B
( -6.72)

Pol. A
(0.13)

Pol. B
(-0. 32)

Ray. B
(-1. 70)

Ray. A
( -3.04)

Cot. B
(-3. 14)

Ace. A
( -5.09)

Cot. A
( -6.55)

-0.19 - 1.57 **

-1. 38*

2.91 **

-2. 72**

-1.34*

3.01 **

-2. 82**

-1.44*

-0.10

- 4.96 **

-4. 77**

- 3.39**

- 2.05 **

1.96 **

- 6.42 **

-6. 23**

- 4.85 **

- 3.51 **

- 3.41 **

-1 . 46*

- 6.59 **

-6. 40**

5.02 **

3.68 **

- 3.58 **

-1 . 63**

-0.17

LSD 5% =
LSD 1% =

1. 13
1.56

Percent
Rayon
( -2.37)

Cotton
( -4. 85)

Acetate
( -5.91)

Polyester
( -0.10)

Rayon
(-2. 37)

Cotton
(-4. 85)

- 2.27 ** 4.75 **

.2.38 **

- 5.81 **

- 3.54**

-1.06*

LSD 5% =
LSD 1% =

0. 80
1.10

* Significant at the 5% level.

** Significant at the 1% level.


