ot

i R o At ettt

Mansoura Englneering Journal (MEJ),. Vol.15, Mo.2, Dec., 1990 T. 1
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In this work several methods are used to assess the guallty ranking of
some denim fabrics objectivelyand to choose the best fabric For ready garments
mills. Alsp the necessary performance characteristdcs of denim could be selected
and arranged carefully in decreasing order of importance. Quality assessment methods
such as arithmedce mean, geometric mean, harmondc mean, expontlonal mean,
polygon area, quallty number and generalized desirability function can be used
for assessing the quallty ranking of denim fabrics accurately.

1. INTRODUCTION

- Jeans became a favoured item of apparel for youth towards the end of
the 1950, the popularity of the jeans reaching a peak in the late 1970. Since then,
the competitdon with respect to the convenlent-wear market has grawn. The classic
jeans retain a 8% share of the women's outerwear market and a 21% share of

the men's outerwear market. The greatest demand comes from the 15-19 agel

The future sale pattern for jeans may well depend upon the price at which
they are sold in the light of world economies and on the guallty of the fabric
and clothing designer to retain and attract new markets.

Jeans, by their nature, are tight fitting, at least between walst and thigh,
and since body demand is not satisfled by garment velume when the body assumes
a bent positon.

Kirk 2 found that skin stretches between areas of local stress as between

knee and seat. Also the human form iIs always in motlon. Limbs are rarely straight.
Even in a sittlng positlon, knees and hips are at right angles to the body and fre-
quently bent at an acute angle. Therefore, fabric must stretch to meet body

demand and to provide dynamic comfort while it retains a longer service life.

It is known that fabric propertdes depend upon fabric construction, of
which fabric tightness Is an important aspect, but tightness factor Is not cleaely
defined.

Denim is characterized by a blue cotton warp and undyed varns in
the grey state in the weft. Because the ratio of warp Chreads/cm to weft
threads/cm is approxlmately 3:2, the blue warp shows predominantly on the
face and the grey weft on the back. :
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. No work has yet been carrled out to assess objectvely the gquality of
denim fabries  varying in construction, which are used in ready garments
industry.

The object of this paper is therefore to assess objectively the quality
ranking of some local denim ' fabrics and to find the relationship between
the construction factor and quality iIndex. The main difficulty of this work was
to choose the best denim fabric required for ready garments mills.

2. PERFORMANCE SPECIFICATIONS OF JEANS

All textlle materials are designed and manufactured to achieve certain
functons. If the jeans functions well and satisfies the consumer, then its perfor-
mance may be said to be acceptable. However, It must be,remembered that the
price pald by the customer will influence his or her judgement~.

Jeans fabrics must offer a careful balance of performance and cost.
Performance factors or criterla may be defined and gquantified in terms of measur-
able properties. For example, fabric strength criteria may be quantified as tensile,
tearing or bursting strength or any combination of these propertles; wear-life
and durability as performance criteria of jeans may be measured in terms of abrasion
and bending resistance. Easy-care criterla of jeans may be determined In terms
of wrinkle-resistance, stiffness and dimenslonal stability. Comfort criterila may
be expressed in terms of air-permeability and moisture vapour permeability which
they are being the main sources of body temperature control. Also criteria of
cost may be measured in terms of weight per unit area. These five criteriae form
the basis of jeans specifications, which may be determined by standard test proce-
dures.

3. HATERIALS AND METHQDS

Eight fabrics of 100% cotton denim jeans were selected. Constructional
detatls of all the fabrics are given in Table L

Tensile strength for each fabric was carrled out in warp direction on
ravelled specimens 20 cm gauge length and 5 c¢m wide on PT-250M Tensile Tester.
Fabric specific work of rupture and tenacity were calculated. Tear sirength was
measured on an Elmendorf Tester. Bursting strength was determined on Ball Burst
Tester. The fabrics werg tested by means of Flexing and Abrasion Tester following
ASTM standard methods . Resistance of fabrics to repeated flexing Is determined
on MIT. Flex Endurance Tester. The used static load was 25% of breaking load
of specimens with 5 mm wide. Wrinkle resistance was measured on the instrument
established by the author”. The fabrics were given ten cycles of wash in Evreka
Washing Machine at 80 C° for 110 min and then drled in flat state overnight and
the area shrinkage was calculated. Fabric stffness was determined on Shirley
Stiffness Tester. The air permeability was determined on a Shirley Air-permeability
Tester at 1-cm pressure. Water vapour permeability was measured by calculating
the loss of water weight after puttdng it into a glass covered with the fabric In
an oven at 32 C® for 30 min. The typical values of test results are given in Table

I

4. COMPLEX ASSESSMENT OF QUALITY RANKING

From such study performance properties of jeans can be divided into
two groups : positive properties such as specific work of rupture, tenacity, tear,
bursting, flex abrasion, bending resistance, wrinkle resistance, air permeabillty
and water vapour permeability; and negative propertles such as stiffness, shrinkage
and weight per unit area.

I
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elative characteristies of each property can be calculated by the following

equations :
* g
positive relative characteristics e e c. (M
max
and X min
negative relative characteristics = g .. (2
i
where Xi - typical value of each property :;
X min’ X max-mmlmum and maximum values of each property.

Selection of the best fabric is difficult enough without using special methods
for assessing the quality such as complex characteristics or generallzed desirabillty
function.

4.1, Complex Characteristics

Complex characteristics of quality assessment may be determined by
calculating the arithmetlc mean, geometric mean, harmonic mean, expontional
mean, polygon area and quality number of the average relative characteristics
(yi) of each criteria given in Table II as follows:

n
Arithmetic mean (A) = E y; /n ce . (3)
. 1/n

Geométric mean (C) = (y1 SYp ¥z e e yn) -

- n
Harmonic mean (H) = n / 13:1 Wy ... {5)

nooy.
Expontional mean (E) = {n (-'11- e ) ... (8)
i=1

Pol _ . 2Tl
olygon area (P) = 1/2 sin = { YQ¥o + Yp¥3 t Yy¥y t YyYg * y5y1) )]
Quallty number (Q) =y, + yg + yg + y:' + yg ... (8)

where Yy~ VYs = the. average relative characteristics of the criteria of strength,
wear-life, easy-care, comfort and cost respectively ; which these
five criteriae are arranged in a decrease order according to its
importance ; and
n - number of the criteriae.

Values of relative and complex characteristics of fabrics are given in
Tables I & IV respectively.

4.2 Generalized Desirability Functon

Generalized desirability function D can be calculated’ ™ by the geometric

mean of the individuali characteristcs of the desirability (di) as follows:

_ 1/m )
D—(d1.d2.d3. ...dm)
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where m - number of typlcal performance properties.

The performance properties X of jeans are related to the dimensionless
characteristics Z as follows:

Z=a0+a1X ... (10)
where ag s ay - constants.

Then the characteristics of desirability dl can be calculated by the following
equation:

d = exp [- exp - Z] )]
where 00 £z £ 00

The constants ag and a,, given in Table VI, are calculated from knowledge

the limited values of d, and the corresponded values of Z given in Table V. For
example, for specific wo%'k of rupture x

Z=a0+a1 X1

From Table V, for excellent sample Z=1.5 and for bad sample Z=0 ; also from
Table I, maximum value of specific work of rupture is equal to 1.828 g/ftex (Fabric
Mo.2) and minimum value of specific work of rupture is equal to 1.28 g/tex (Fabric
No.7).

Then 1.5

1

ag + 1.828 a,
Q= ao + 1,28 a1
By solving the above two equations, the constants a, and a, can be calculated
as given in Table VL By means of knowing the typical values of specific work
of rupture for each fabric, the corresponded values of I can be determined. Con-
sequently, the value of d, for each fabric can be calculated. With the same manner
the wvalues of d, to d can be calculated as listed in Tahle VII where d1-5p. work
of rupture; d %enamty,d ~tear; du, bursting; d -Flex-abramon,ds-bending resistance;
d7-wrinkle re:nstance- d8~area shrinkage; da-bending modulus; dw-ajr permeability;
-water vapour permeability and d,.,-weight per unit area. Therefore, the values
011 D can be easily calculated from EgUation 9 and the fabrics can be ranked accor-
ding to its quality.

4.3 Rank Agreement

The eight fabric samples are to be ranked In order of general quality
using the seven methpds of quallty assessment (A, G, H, E, P, Q@ and D). These
fabrics have been ranked from 1 to 8, No.1 representing the best fabric and No.8
representing the worse one. The rankings of all the methods are set out in Table
Y¥111Jfall the methods were In complete agreement, the rank totals would be in
the series 7,14,21,28,35,42,49 and 56. The sum of the rank totals is 252. If the
methods of assessment had no ability in rankjn%the fabrics, the ranking numbers
would be random and therefore the rank totals = would be one-eighth of the total
252, equal to 31.5. The actual rank totals are now compared with 31.5 as given
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Table VI
Values of Constants 3 and y

Symble , Performance Property a, 3,

X 1 Specific work of rupture - 3.504 2.737

XZ Tenacity -1 0.234

X, Tear strength - 0.750 1757 x 107*

Xu_ Bursting strength - 1.213 0.027

Xg Flex abrasion - 1.343 1.618 x 107

Xg Bending resistance - 0.306 2.848 x 107

x7 ¥rinkle resistance - 8.565 0.121

X 8 Area shrinkage 2.694 - 0.162

Xg Bending modulus 2.1 - 2.487 x 105

X10 Air permeability - 0.058 0.079

X141 Water vapour permeability - 1.861 1411.1

X42 Weight per unit area 2.896 - 5.853 x 1073

Table VI
Values of Generalized Desirability Characteristics (d and D)
Characteristics of Desirahility
F abric . -
dp7 dy 4y 4y dg dg dy dg dy dyp dyg dpp | D

1 [0.752 0.755 0.368 0.368 0.368 0.368 0.627 0.368 0.7 0.8 0.584 0.8 {0.541
2 0.8 0.8 0.486 0.455 0.754 0.737 0.717 0.435 0.7110.661 0.872 0.734{0.664
3 10.762 0.666 0.8 0.745 0.8 0.593 0.594 0.465 0.727 0.428 0.579 0.596{0.635
4 (0,712 0.521 0.616 0.628 0.685 0.374 0.368 0.631 0.368 0.381 0.643 0.544{0.523
5 }10.745 0.5 0.666 0.787 0.748 0.655 0.575 0.727 0.7150.381 0.368 0.368{0.581
6 |0.4950.368 0.570 0.8 0.584 0.8 0.8 0.8 0.6030.3760.820 0.37310.588
7 10.368 0.381 0.618 0.736 0.696 0.561 0.747 0.771 0.8 0.368 0.838 0.426{0.582
8 [0.655 0.477 0.639 0.755 0.677 0.618 0.763 0.748 0.7250.398 0.769 0.533)0.634
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Table VI
Quality Ranking of Fabrics

Assessment L Fabric
Method IR T3 4 5 6 7 8
A 2 [ 1 3 8 l 6 4 7 5
G 3 1 2 8 7 5 6 4
H 6 1 3 8 7 b 5 2 *
E 2 1 3 8 4 5 6 7
p 2 1 3 8 4 5 7 &
Q 2 1 [ 8 3 5 b 7
D 7 1 2 L 8 6 4 5 3 '
Rank totals 24 7 22 ’ 56 L 37 32 40 34
Final rank 3 L 1 2 ' 8 ' 6 4 7 5
Table VI )
Ranking Difference of Fabrics
Fabric Rank Total Difference d (Diﬁ"er:e:nce)2
| 31.5 - R.T] d?
1 24 7.5 56.25
2 7 24.5 600.25
3 22 9.5 90.25
4 56 24.5 600.25
5 37 5.5 30.25
6 32 0.5 0.25
7 40 8.5 72.25
8 34 2.5 6.25
1856 (Sum of d* = §)




Mansoura Engineering Journal (MEJ]), Vol.15, No.2, Dec., 1990 T. 11

in Table VIIL. Let S-the sum of the squares of the differences; V-the number of
methods, and C-the number of fabrics. The measure of the degree of agreement
among the different methods is given by the cooefficient of concordance, ¥,

W = ...(12)
[V(C-01/12

In this example, W = 0.71 approximately. Thus, the different methods of assessment
exhibit a high degree of agreement on the ranking of fabrics for quality. The signifi-
cance of the coeffleient of concordance may be tested by reference to the F Tables.
The value of F Is then calculated:

v-1) W 6 x 0.7
Fo=r oy = =19 = 145 approx- e (13)

It could be concluded that the different methods are reaily in close agree-
ment because the calculated value of F, 14.5, is above the 1 per cent level of

F, 3.12 for the degrees of freedom of f, = {(c-1- %—-and f2 = {v-1) {{c-1)- %—],

1

The results of final ranking are given in Table VIIL The fabrics are arranged
in order of Increasing final ranking. It could be noticed that the fabric Mo.2 and
fabric No.4 has the best and worse quality respectively.

5, CONKCLUSIONS

From the work described in this parper the following conclusions have
been deduced:
1. Performance properties of jeans could be selected and arranged carefully in
decreasing order of importance.
2. Quality assessment methods such as arithmetic mean, geometric mean, harmonic
mean, expontional mean, polygon area, quality number and generalized desirability
function can be used for assessing the quality ranking of jeans farics.
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