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STUDY ON THE LOAD·ELONGATION CURVE AT LOW EXTENSION
OF KAGHANI WOOL FIBRES
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In order to study the tensile properties of dry and wet wool fibres of Kcghani wool, 50 samples were tested for
breaking strength and elongation. Moreover, strength at 20% elongation as well as Hookcan slope of dry and wet
wool fibres, were determined in the case of the threc types of fibres. i.c. true, heterotypical and medullated. The
variations ill cross sectional area were also examined and the relationship between the various parameters were
perused.

Th behaviour r wool fibres as regards th if'
abilit y to stretch when a load is applied to them
and also to recover when unloaded is a subject of
considerable practical interest, since wool fibres
are subjected to frequent str sses of just this kind
,during processing as carding, combing and spin-
ning etc. I

Some work has been clone in these Laboratories
on the force and elongation at breaking point or
Pakistani wools on dry fibres (65% R.H. and
20° ) only," but no attention has been given to
the mechanical prop rties of w t wool fibres or at
low extension. Since in practice the load is not
so high which breaks the fibres, but rapid extension
and contraction of the fibre occurs, a study at the
low extension is more relevan t to the practical
conditions in processing. In the present study,
50 samples of Kaghani wool fibres were collected
from the home tract of the Kaghani breed which
extend from Balakot to Babusar top in the North-
Western area of West Pakistan. This breed is
con, idered superior to other Pakistani breeds due to
its low medullation content.3

If a wool fibre is loaded, it will .xtcnd by a
certain perc~n tage of its original length. The
relationship between load and elongation can be
determined cxperimentaly, over a range of loads
up to breaking point and expressed graphically
as load-elongation curve. The present study is
confined La the breaking force and clongat ion
(%) of dry (65% R.H. and 20°C) and wet (im-
mersed in distilled water for 24 11r) wool fibres.
Major emphasis was placed on fibre before rupture
i.e. 20°0 elongation. In this onnection force at
20% elongation of dry fibres (F2o air) and wet
wool fibres (F20 wet) as well as Hookean slope
of dry fibres (H. air) and wet fibres (H. wet) of
true, heterotypical and medullated wool fibres
were recorded. The variation in cross-sectional
area (A) was also determined and the relation-
ships between the various parameters were
examined.

Materials and Methods

The three types of fibres i.e. true, heterotypical
and medullated were separated each from 50
samples of Kaghani wool with the help of benzene
test.s i\ Schoppcr dynamometer apparatusf
(constant rate of loading) which traces the load-
elongation curve was crnplr yed. About 10 fibres
were withdrawn at random from each sample and
the length of the fibre was fixed at 3 em. Breaking
str ngth and el Ilgation of dry (65 % R.H. and
20°C) and wet wool fibre (immer ed in distilled
wat r [or 24. hr) of true, heterotypical and medul-
lated fibres of the 50 sample were determined.
In another experimen t, fibre of differ nt cross-
sections were extended to 20° ° and the force and
Hookean slope determined. The fibre was im-
mediately released and allowed to stand [or 10 to
J 5 mins, Then it was imrners d in water [or 24 hr
and the load-elongation curve was drawn.
Thus force at 20% elongation of dry fibres
(F 20 air) and wet fibres (F 20 wet) as well as
Hookean slope of dry fibres (H. air) and Hookean
slope of wet fibre (H. wet) were determined as
explained by Burtc.f The diameter or the same
fibre of 3 ern length was found al l.'j points by a
Lanarnctcr (X 500) and the cross-sectional area
(A) calculated. The cocflicicn t of variation
(C.V.) was determined by the rapid method."

Results

Table 1 shows the mean breaking strength and
elongation (%) of true, heterotypical and medul-
lated dry Kaghani wool fibres. It is clear that the
strength and elongation of medullated fibres have
the highest values, while those of true fibres, the
lowe t. Table 2 shows breaking strength and
elongation or wet wool fibres. As compared to
dry fibres the breaking strength is slightly lower
and elongation greater.

Table 3 shows V'A-; V'F20 air, V'F~ wet, V'H~
air, V'iI. wet and C.V. (V'A) of true wool fibres,
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TABLE I.-BREAKI G STRENGTH AND ELONGATIO (%) OF DRY KAGHANI WOOL FIBRES.

~;;;'I

" ;,Type of wool Strength (g wt)
r-------------,

Mean Range
Elongation (%)

r=: -,
Mean Range

True
Heterotypical
Medullated

12.8
26.2
29.6

4.6-17.2
16.2-37.2
22.1-40.4

34·3
37 ·5
41.5

22.8-43.2
21.5-50.4
30.8-52.2

TABLE 2.--BREAKING STRE TGTH AND ELONGATION (%) OF WET KAGHANI WOOL FIBRES.

Strength (g wt) Elongation (%)
Type of wool ,-------------, r-

Mean Range Mean Range
True II .3 4.2-13.4 35·9 25.2-48.6
Heterotypical 23,5 14.1-30.8 39.8 23.2-53.6
Medullated 25·3 17.5-32.3 45·4 24.0.57.6

TABLE 3.-TRUE \VOOL FIBRES.

Fibre ViA- ,,/P20 air V.f';owet VH: wet/ C.V. in
No. ([L2) (g wt) (g wt) V'H. air VH. wet VH. air VA

._------------
I. 16·3 1.89 I.7I 9· 13 8·33 0.91 16.6
2. 16.6 1.90 I.73 9.31 8·44 0.90 10·4
3· 18·9 2.23 2.14 9.25 8·77 0·94 13·9
4· 19·7 2.36 2.23 9·35 8.85 0·94 18.0
5· 20.2 2.68 2.23 9·43 8·94 0·94 18.6
6. 20·9 2.64 2·44 9.89 9.72 0.98 17.2
7· 22·5 2·75 2·44 9.64 9.41 0·97 19·3
8. 23.2 2.89 2.71 9.90 9.81 0·99 15.2
9· 23·7 3.09 2.82 9·79 9·49 0.96 7·4

10. 24·4 3.25 3.06 9.60 9.27 0.96 10·9
II. 25.2 2.82 2.70 9·59 9.42 0.98 13.8
12. 26,5 3. IO 2.90 9.86 9.71 0.98 6.6
13· 27 ·4 2.89 2·75 9.80 9.60 0·97 6·4
14· 28·3 3·47 3.31 IO .07 10.00 0·99 10.0
15· 29.1 3.16 2.89 9.71 9.65 0·99 2 1.2
16. 31.2 3.46 3·34 9·93 9·77 0.98 2·7
17· 32.2 3·74 3·49 10.28 10.24 0·99 8·3
18. 33·5 3.63 3.52 9.85 9.60 0·97 19.2
19· 34.2 3.92 3·49 10.02 10.02 1.00 13.0
20. 34·9 3.84 3·49 9.96 9.72 0:97 12.0

Mean 25.2 2.98 2·75 9.91 9·43 0.96 12.80
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TABLE 4.-HETEROTYPICAL TWOOL FIBRES. n

Fibre VA- VF20 air VF~ wet VR air ,/H. wet VR. wet/ C.V. in
No. fL2) (g wt) (g wt) '/H.-air VA

1. 27. I 3·74 3·53 9.76 9·57 0.98 16·3
2. 2B.2 3·74 3.31 9.81 9·3b 0·94 12·4
3· 28·9 3.87 3.67 9.58 9.36 0·97 17. I

4· 30.3 4·35 4.00 9.78 9.50 0·9B II .3
5· 31.2 4·74 4.52 9·b6 9.64 0·99 I I .3
6. 32.0 4·35 4.00 10.00 9.42 0·94 I 1.8
7· 32.9 4.58 4.30 9.71 9.38 0.96 16.I
8. 33.8 5.09 4·35 9.83 9.63 0·97 15.2
9· 34·5 5.00 4.58 9.88 9.81 0·9b 15.2

10. 35·3 4.89 4·47 9.85 9.82 0·99 29.6II. 35.6 4.18 4.00 9.85 9.40 0·95 25.2
12. 36.3 4·47 4·35 9.80 9.70 0.98 9·9
13· 37.0 5·47 5.04 9.85 9·bO 0.98 10·9
14· 38.3 4.58 4.30 9·97 9.62 0.96 13.8
15· 39.0 5.24 5.00 9.89 9.72 0.98 13.8
16. 39·9 4·74 4.63 9.86 9·59 0·97 14.0
17· 40.6 4.89 4.63 9.91 9.76 0.98 15.2
18. 43.2 5·47 5.00 9.89 9.64 0·97 16.8
19· 43·9 4·94 4.58 9·97 9.50 0·95 16.2
20. 46.8 5.83 5·33 10.22 9.85 0.96 10·3

Mean 35·7 4.70 4·37 9.85 9.64 0·97 15.I

TABLE 5.-MEDULLATED WOOL FIBRES.

Fibre VA yF 20 air VF20 wet 1- VH. wet VH. wet/ C.V. in
No. (fL 2) (g wt) (g wt) vH. air vB. air VA-

r . 39.0 4.69 4.30 9.90 9·78 0.98 18.0
2; 42.0 .4·35 4.24 9.90 9.56 0.96 23.8
3· 44.6 5·74 5.52 9·94 9.56 0.96 19.8
4· 46.2 4·74 4.00 9.92 9.41 0·94 31.8
5· 47 ·3 5.24 5.00 10.02 9.84 0.98 14·7
6. 48.4 5.56 5.00 9.91 9·75 0.98 18.2
7· 49.6 5.91 5.76 9.90 9 -49 0·95 25·98. 50.5 4.58 4·35 10.00 9.76 0.96 16.0
9· 51.5 5·47 5.32 10.04 10.00 9·99 20.0

10. 53·3 5·47 5.38 10.00 9·94 0·99 18.2
II. 54.6 5.00 4.69 10.14 9.68 0·95 23.0
12. 56. I 5·47 5.24 10.06 9.81 0·97 16.6
13· 57.6 5.09 4·94 10.00 9.92 0·99 15·4
14· 58.6 5.09 4·47 10.00 9·77 0·97 15.2
15· 62.0 5.00 4.30 9.82 9.48 0·9b 26.0
16. 64.0 5.83 5.83 10.09 9.84 0·97 12:6
17· 67.2 5.56 5·43 10.05 10.00 0·99 17·318. 74·7 5·47 5.24 10.00 9·77 0·97 10.6
19· 76.0 5.87 5·47 10·57 9.90 0·93 11.9
20. 78.0 '5·47 5.09 10.14 9.83 0.96 19.0

Mean 56. I 5.28 4·97 10.24 9·75 0·97 18.3
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arranged according to the ascending order of
cross-sectional area. Similarly Tables 4, 5,
show the various parameters of load-elongation
curve of heterotypical and medullated wool fibres.

Discussion

A complete load-extension curve of the wool
fibre can be obtained by stretching the fibre upto
breaking point (Fig. I). There are three main
regions in the fibre i.e. Hookean region, yield
region and post yield region as described by
Speakman. 8,9 Apart from this there is also a
region which is called decrimping region which is
very small and depends upon the crimp in the fibre.
The initial Hookean region up to 2% extension
(OB) is followed by yield region upto 30% exten-
sion) (BC) and apost yield region up to 70% exten-
sion (CD). In the Hookean region, extension is
proportional to the load which has been attributed
to the straining ofhydrogen bonds in the «-helices.w
In yield region a rapid extension occurs which is
due to unfolding of the «-helical structural units
of the wool fibre. It should be noted that if a fibre
is stretched upto 30% in water and put in water
for 24 hours, the load-extension curve is repro-
ducible. In post yield region disulphide bonds
break.P It may be noted that previously As-
tbury'> had shown that at about 20% extension,
the diffraction pattern remains virtually un-
changed, but recently Bendit has shown that the
a-pattern begins to change from a few percent
extension. 13,14
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The large range in breaking force and elonga-
tion(%) ofKaghani dry and wet wool fibres (Tables
1,2) indicates that there are large variations in
force and elongation. It is also clear that there are
some differences in breaking force and elongation
in dry and wet wool fibres, the values for the latter
being lower. It is very difficult to stretch these
dry fibres beyond 30% extension, whereas the wet
fibre stretched up to 60%. From Table 2, it is
evident that some fibres break before 30% (wet
state) which indicate some damage.

The various parameters of load-extension curve,
arranged according to the ascending order of
"lA of true wool are given in Table 3. VF 20

is plotted against V A for both dry and wet cases.
In both the cases, a linear relationship is revealed
(Fig. 2). This confirms the results of Lindberg.I s
The same trend is evident in heterotypical wool
fibres, although there is some increase in the
scatter. (Fig. 3). In medullated wool, the
scatter increases further and the overall relation
is very poor. Thus it is clear that with the in-
crease of medullation, the relationship between
VF~ and V Adiminishes.

An attempt was made to correlate VA with
VH~ air and vH. wet true wool fibres. It is evident
(Fig. 4) that a linear relationship exists between
VA-and VH. air confirming previous work of
Lindberg."? However, when VH. wet is plotted
against VA(Fig. 5), there is a slight increase in
the scatter, the trend being the same. It is also
interesting to note that a strong linear relationship
exists between VH: air and VH.- wet in the case
of true wool fibres (Fig. 6) as reported in previous
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Fig. 2.-Relationship between VA and VF20 of dry
and wet Kaghani true wool fibres.
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Fig. 3.-Relationship between VA and V F20 of dry
and wet heterotypical Kaghani wool fibres.
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Fig. 5.-Relationship between V"A- and Vi=!: wet of
true Kaghani wool fibres.

studies,I7,r8 but this relation does not hold for
heterotypical and medullated wool fibres. Thus
it seems that in the case of true wool fibres, viI.
wet VH. air depend on cross-sectional area, while
in heterotypical and medullated wool fibres, the
medulla upsets the relationship.

As regards variation in cross-sectional area, it is
evident that the mean C.V. of true fibres is the least
(Mean 12.8), while that of medullated fibres
(Mean 18.8) the highest; heterotypical fibres
occupy intermediate position. The absence of
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Fig. 4.-Relationship between VA and VH. air at
65 % H..H. of true Kaghani wool fibres.
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of Kaghani true wool fibres.

relationships in the various parameters in medul-
lated fibres as indicated above could well be due to
the variation in cross-sectional area as well as the
presence of medulla.

From the above discussion it is concluded that
the relationships between the various parameters
related to the load-elongation studies hold only for
true wool fibres. In heterotypical fibres, the
relationships between vi<20 of dry and wet wool
fibres and VA still hold but all these patterns
practically vanish in the case of medullated fibres.
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