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Abstract
Flax and hemp yarns will constantly be used in the clothing field and in different technical 
applications. Deformation during stretching in the dry and wet states of flax and hemp yarns 
obtained from boiled or bleached roving was studied. Structure modifications of the yarn and  
fibre components as a result of tension were highlighted by load-extension curve analysis.  
The following specific characteristic quantities were measured and calculated on the diagrams: 
the limit of proportionality, the tensile yield stress, the breaking limit, the mechanical breaking 
work, and the mechanical work factor. The study of these data established maximum values  
of the processing tension that dry and wet flax and hemp yarns could stand without breaking. 
Moreover, analysis of the mechanical work factor enabled the estimation of the strain capacity  
of the  yarns studied and their ability to support a tension impact load. The load and displace-
ment at which the first breaking destruction phenomena of the yarn fibres appear are those 
corresponding to the tensile yield stress. Thus, it is possible to establish the maximum tensions 
that the yarn could support during processing without fibres breaking. An original evaluation 
of the tensile properties of flax and hemp yarns was developed.

Key words: flax yarn, hemp yarn, tensile yield stress, load-displacement diagram, breaking 
mechanical work.

n	 Introduction
Due to the favourable conditions of the 
climate and soil, flax and hemp have 
been cultivated on Romania territory 
since ancient times; in the beginning for 
household needs, and in modern times 
for industrial processing. 

Between the two World Wars, the area 
cultivated with these technical plants was 
no more than 30,000 hectares. During the 
communist period this area was doubled.

Since the year 2000 the area yearly cul-
tivated with flax has decreased to 400 
hectares. This decrease was caused by 
modifications appearing in the struc-
ture of agricultural properties due to the 
abolition of cooperative properties. The 
manufacturing units of flax and hemp 
harvested stems have changed in their 
activity profile. In 2007 only 20% of flax 
and hemp rettings functioning in Roma-
nia before 1990 were active. 
	
Worldwide one can notice an increased 
tendency to use flax and hemp fibres in 
the field of technical textiles as a conse-
quence of the fact that these fibres show 
high resistance at streching, friction, re-
duced elongation at break, a high spin-
ning capacity and high length of techni-
cal fibres [1 - 11]. Owing to increased air 
permeability, hygroscopicity and antisep-
tic properties, flax and hemp fibres will 
constantly be used in the clothing field 
[12, 13]. 

Practical application of flax and hemp 
yarns requires knowledge of the defor-
mation and relaxation of fibres and yarns 
during processing, [14 - 21]. 

Flax and hemp fibres are made of elemen-
tary fibre bundles and are of a cellulose 
nature. The cells are of an exterior shape 
and different dimensions; they are bound 
by the middle lamella, which contains 
hemicelluloses, pectic substances, and 
lignin [6, 12]. If the cells of the elemen-
tary fibres are thin, the adhesion forces 
between them are reduced [22, 23]. This 
fact determines the slow division of the 
bundles without cell degradation, which 
allows to obtain thin fibres. Under the ac-
tion of certain exterior mechanical forces 
[15, 16, 21], the amorphous and crystal-
line zones of the cell fibres undergo dis-
placements, which are recovered or be-
come permanent. 

The water absorption in flax and hemp 
fibres modifies their mechanical proper-
ties [2, 25]. In the case of flax and hemp, 
it is important to know the transfer mode 
of the fibre properties in the yarn charac-
teristics.

In the present paper stretching deforma-
tion during the dry and wet states of flax 
and hemp yarns obtained by boiled or 
bleached roving was studied. Structure 
modifications of yarn and component fi-
bres as a result of stretching application 
were highlighted by load-displacement 
curve analysis (the load-displacement 

curve is the equivalent of the load-elon-
gation curve). The study of these data 
established maximum values of the ten-
sion that dry and wet flax and hemp yarns 
could support without breaking during 
processing. 

n	 Experimental 
Material 
The flax and hemp yarns used in this 
study, wet spun from bleached or boiled 
roving, came from the Falticeni Spinning 
Mill (Romania). The flax and hemp yarns 
investigated, of linear density listed in 
Table 1 (see page 8), were conditioned in 
a standard atmosphere for 48 hours [28]. 
For serial testing in the wet state, the 
yarns were stressed after one minute of 
moistening and then dried between two 
sheets of absorbent paper. 

Methods
Measurement of the breaking strength 
of the yarns 
Measuring the breaking strength of the 
yarns was performed according to ISO 
2062 on a TINIUS OLSEN H5 K-T yarn 
tester (England) by the automatic regis-
tering of the load–displacement curve. 
The initial length of the tested sample 
was 500 mm. On these curves the follow-
ing characteristic quantities were meas-
ured: 
n	 limit of proportionality at which the 

force is proportional to the displace-
ment;

n	tensile yield stress to which the bind-
ing molecules were stressed that were 
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still intact between the non-crystalline 
and crystalline zones of the fibres; 
with which the crystalline field orien-
tation is associated;

n	the breaking limit, which is defined by 
load and yarn displacement (elonga-
tion) during the breaking moment, is 
marked out by the final point on the 
curve;

n	the mechanical work of breaking is 
defined as the load necessary for yarn 
displacement up to the breaking mo-
ment. This energy is given by the area 

enclosed under the load-displacement 
curve. Five load-displacement curves 
were analysed for each yarn studied. 

The capacity of yarn deformation and its 
ability to support strains was evaluated 
by the ratio of mechanical work. This 
parameter was established according to 
Hooke’s law. In this case the load-dis-
placement curve is a straight line which 
crosses the origin of the axes and divides 
the entire area restricted by the axes into 
two parts, see Figure 1 [29]. The theore-
tic mechanical work is given by the area 
restricted by axes (the surface OPRS, 
see Figure 1). The theoretic work is the 
productof bracking force and elongation 
at break. For the ideal curve, according 
to Hooke’s law, the factor of mechanical 
work has 0.5 value.

The mechanical work factor was calcu-
lated as a ratio of the real mechanical 
work and the theoretic mechanical work.

fL = Lmreal/Lmtheoretic          (1)
where:
fL 	 - the ratio of mechanical work;
Lmreal 	 - real mechanical work;
Lmtheoretic	- theoretic mechanical work. 

Measurement of the water weight 
degree 
The measuring of the water weight de-
gree of the yarn section tested was estab-
lished using the standard method present-
ed in SR ISO 6741-1/1998, [30].

n	 Results and discussions 
Sample codification 
The yarns submitted for analysis are pre-
sented in Table 1. The load–displacement 
curves for the yarns studied are shown in 
Figures 2 - 10. 

Breaking strength of flax and hemp 
yarns in the dry and wet states 
The forces applied to the yarns during the 
breaking moment overcome the friction 
forces between fibres, the compressive 
forces between the fibre layers, and the 
binding forces between the macromo-
lecular chains which comprise the fi-
bres of the weakest cross section of the 
stressed yarn. The network changes and 
slips, and permanent displacements take 
place. 

The breaking strength and elongation 
produced by the breaking of yarn depend 
on the fibre properties and the structure 
of the yarn resulting from the technology 
applied. When spinning the yarn, fibres 
are fixed by twisting and adding their 
strength to that of the yarn, which depends 
on the fibre strength, the number of fibres 
fixed into the yarn, the fibre length, the 
density of the fibres in the yarn, the fric-
tion fibre-fibre coefficient, the adhesion 
coefficient, and on the twist applied to 
the yarn. Flax and hemp yarns produced 
by wet spinning, which are the subject 
of the study, have a structure different to 
other spun yarns. Fibres from the yarns 
analysed are totally fixed in the yarn sec-
tion, which is caused by the quantity of 
binding substances between fibres which 
remains on the fibres after their exit from 
the humidification bath on wet spinning 
frame. After the drying that follows wet 
spinning, these substances fix the fibres 
into the yarn. After the humidification 
before stressing, flax yarn of 103 tex and 
hemp yarn of 100 tex recorded different 
water permeation degrees: 70 and 50% 
(Table 2). The following observations of 

Figure 1. Ratio of mechanical work, Lm – 
real mechanical work. 

Table 1. Samples codification; *conditionated yarn, **after one minute moisten and drying 
between two sheets of absorbent paper.

Yarn type Fineness of the yarn, 
tex (Nm)

Spinning type and the treatment  
applied in roving

Yarn stage in 
breaking time

Flax yarn 

103 tex (Nm 9.7) Wet spinning from boiled roving
dry yarn*

wet yarn**

66.6 tex (Nm 15) Wet spinning from bleached roving
dry yarn*

wet yarn**
25.3 tex (Nm 39.5) Wet spinning from bleached roving dry yarn*

Hemp yarn 
100 tex (Nm 10) Wet spinning from boiled roving

dry yarn*
wet yarn**

93 tex (Nm 10.7) Wet spinning from bleached roving
dry yarn*

wet yarn**

Table 2. Tenacity of hemp and flax yarns from boiled roving in the dry and wet stages.

Characteristics 

Flax yarn 103 tex   
from boiled roving:

Hemp yarn 100 tex  
from boiled roving:

tested in dry 
stage

tested in wet 
stage

tested in dry 
stage

tested in wet 
stage

Breaking strength, cN 2307 2633 642 915
Breaking tenacity, cN/tex 22.4 15.6 7.5 10.4
Change of  tenacity in wet stage 
in comparison with dry stage, % - -30.3 - +38.6

Degree of water permeation, % - 68.2 - 50.6

Table 3. Tenacity of bleached yarns from flax and hemp in the dry and wet stages.

Characteristics

Flax yarn  66.6 tex from 
bleached roving:

Hemp yarn 93.5 tex from  
bleached roving:

tested in dry 
stage

tested in wet 
stage

tested in dry 
stage

tested in  wet 
stage

Breaking strength, cN 1668.4 1640 1100 1881
Breaking tenacity, cN/tex 25.44 15.61 11.7 13.5
Change of  tenacity in wet stage 
in comparison with dry stage, % - -38.6 - +15.4

Degree of water permeation, % - 76 - 76
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the tenacity of the yarns tested in the dry 
and wet states were made: 
n	the breaking strength of yarn of 103 tex 

from boiled flax roving increases 
in the wet state by 14% in compari-
son with its strength in the dry state;

n	the strength in the wet state of hemp 
yarn of 100 tex produced from boiled 
roving increases by almost 43% in 
comparison with that of dry yarn;

n	the tenacity in the wet state in com-
parison with that in the dry state de-
creases by 30% in the case of yarn of 
103 tex from boiled flax;

n	the tenacity increases by 38% in the 
case of yarn of 100 tex from boiled 
hemp roving.

After one minute in water, bleached yarns 
of different fineness recorded the same 
mean degree of water permeation - 76%. 
(Table 3). The tenacity of bleached flax 
yarn of 66.6 tex decreases by over 30% 
in the wet state in comparison with that 
in the dry state. In the case of bleached 
hemp yarn of 93.5 tex, the tenacity in-
creases by over 15% in the wet state in 
comparison with that of the same yarn 
tested in the dry state. 

The various breaking behaviour in the 
dry and wet states can be related to a mul-
titude of factors: 
n	internal structural transformation by 

water permeation;

n	a different quantity of binding agents 
between fibres;

n	different characteristics of the fibres 
of each type of yarn. 

The analysis of the load-displacement 
curve allure made highlights structural 
transformations during the deformation 
of the flax and hemp yarns and fibres 
tested. 

Behaviour of flax and hemp yarns in 
the proportionality area of the load 
and displacement
The form of the load-displacement curve 
shows that during stretching application 

Figure 8. Force-extension curves of the 
hemp boiled yarn 100 tex tested in wet stag.

Figure 9. Force-extension curves of the 
hemp conditioned yarn 93.5 tex produced 
by wet spinning from bleached roving.

Figure 10. Force-extension curves of the 
hemp yarn 93.5 tex produced by wet spin-
ning from bleached roving, tested in wet 
stage.

Figure 5. Force-extension curves of the flax 
bleached yarn 66.6 tex tested in wet stage.

Figure 6. Force-extension curves of the flax 
conditioned yarn 25.3 tex produced by wet 
spinning from bleached roving.

Figure 7. Force-extension curves of the 
hemp conditioned yarn 100 tex produced 
by wet spinning from boiled  roving.

Figure 2. Force-extension curves of the 
flax yarn 103 tex produced by wet spinning  
from boiled roving, tested in conditioned 
stage.

Figure 3. Force-extension curves of the flax 
boiled yarn 103 tex, tested in wet stage.

Figure 4. Force-extension curves of the flax 
conditioned yarn 66.6 tex produced by wet 
spinning from bleached roving.
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there is no instant elastic displacement 
(see Figures 2 - 10). In the proportion-
ality area, the yarn displacement is pro-
portional to the load applied. In wet spun 
yarns, all the fibres are fixed together, 
which contributes to the yarn strength. 

The behaviour of the test yarns in the 
proportionality area of the load-extension 
curve (Figures 2 - 10) is different in the 
wet state in comparison with that in the 
dry state. Thus, for the yarns tested in 
the wet state, in comparison with the dry 
state, there were recorded increases in 
load and longitudinal displacement cor-
responding to the limit of proportionality 
(Table 4).

The increases in the load along with dis-
placement were smaller than in the case 
of the bleached yarns, as a consequence 
of the reduced quantity of binding sub-
stances. The highest mean value of the 
load at which it is proportional to the dis-
placement was recorded in the wet state 
of flax yarn of 103 tex produced by wet 
spinning from boiled roving. This may 
be caused by the higher non-crystalline 
areas of fibres from boiled flax yarn and 
by the larger number of existent bindings 
between the non-crystalline and crystal-
line zones. 

Behaviour of flax and hemp yarns in 
the flow area 
The flow zone on the load-extension 
curve is characterised by a large dis-
placement due to rather small loads (see 
Figures 2 - 10). The slope of the load-
extension curve has smaller values in this 
zone. At the tensile yield stress, the yarn 
tensions may determine the occuring of 
the first breaking fibres. 

The load and displacement values cor-
responding to the tensile yield stress, 
presented in Table 5, were quantified on 
load-extension curves recorded for each 
type of yarn analysed (Figures 2 - 10). 

In the flow zone of boiled flax yarn of 
103 tex and hemp yarn of 100 tex from 
boiled roving, the average load and dis-
placement increase in the wet state in 
comparison with fibres in the dry state 
was higher in the case of flax yarn. The 
cellulose content of the yarn fibres and 
the occurrence of a great number of 
hydrogen bridges between hydrolytic 
groups may be taken into account. 

The mean value of displacement in the 
wet state for the flow zone of bleached 
yarns has comparable values: 3 - 4% 
for both types of yarns (Table 5). In the 

Table 4. Limit of proportionality of flax and hemp yarns in dry and wet stage.

Type of analysed yarn
Yarn stage 
in breaking 

time

Limit of proportionality

Minimum value Maximum value Mean value for 
five measures

Load 
s, N

Displace-
ment e, %

Load 
s, N

Displace-
ment e, %

Load 
s, N

Displace-
ment e, %

Flax yarn  103 tex 
produced by wet spinning 
from boiled roving 

dry yarn 1.6 0.24 4 0.98 2.7 0.5

wet yarn 3 1.08 4 2.1 3.6 1.3

Flax yarn 66.6 tex 
produced by wet spinning 
from bleached roving 

dry yarn 0.3 0.38 3 2.2 1.7 1.2

wet yarn 1.9 1.25 1.9 1.7 1.9 1.4

Flax yarn 25.3 tex 
produced by wet spinning 
from bleached roving 

dry yarn 0.16 0.005 0.4 0.06 0.29 0.04

Hemp yarn 100 tex 
produced by wet  
spinning from boiled 
roving 

dry yarn 0.5. 1.16 1.1 1.9 0.8 1.6

wet yarn 1.5 1.13 2.2 1.8 1.7 1.6

Hemp yarn 93.5 tex 
produced by wet spinning 
from bleached roving 

dry yarn 1.1 0.4 2.4 0.8 1.7 0.6

wet yarn 1.6 1.1 3.8 2.5 2.5 1.4

Table 5. Tensile yield stress of flax and hemp yarns in dry and wet stage.

Type of analysed yarn
Yarn stage 
in breaking 

time

Tensile yield stress

Minimum value Maximum value Mean value for 
five measures

Load 
s, N

Displace-
ment e, %

Load 
s, N

Displace-
ment e, %

Load 
s, N

Displace-
ment e, %

Flax yarn  103 tex 
produced by wet spinning 
from boiled roving 

dry yarn 3 0.5 8.8 1.4 5.2 0.9

wet yarn 21.9 3.2 29.6 3.7 26.3 3.7

Flax yarn 66.6 tex 
produced by wet spinning 
from bleached roving 

dry yarn 16.2 1.9 18.4 2.2 16.6 2.0

wet yarn 1.9 1.3 17.4 4.3 9.9 3.0

Flax yarn 25.3 tex 
produced by wet spinning 
from bleached roving 

dry yarn 1.7 0.4 4.1 0.9 2.4 0.6

Hemp yarn 100 tex 
produced by wet  
spinning from boiled 
roving 

dry yarn 1.3 2.1 1.6 3.4 1.5 2.9

wet yarn 4.4 2.8 4.7 3.6 4.5 3.2

Hemp yarn 93.5 tex 
produced by wet spinning 
from bleached roving 

dry yarn 1.8 0.7 3.8 1.3 3.1 0.9

wet yarn 3.5 1.9 25.0 4.5 15.8 4.0

Table 6. Breaking strength of flax  and hemp yarns in dry and wet stage.

Type of analysed 
yarn

Yarn 
stage in 
breaking 

time

Maximum tensile load 

Minimum value Maximum value Mean value for 
five measures

Coefficient 
of variation

Load 
s, N

Displace-
ment 
e, %

Load 
s, N

Displace-
ment 
e, %

Load 
s, N

Displace-
ment 
e, %

CVs, 
%

CVe, 
%

Flax yarn  103 tex  
from boiled roving

dry yarn 17.1 2.0 26.3 2.8 23.0 2.5 16.3 12.4

wet yarn 21.9 3.2 29.6 5.1 26.3 3.7 10.9 20.6

Flax yarn 66.6 tex 
from bleached roving

dry yarn 15.4 1.7 18.4 2.2 16.6 2.0 6.7 9.1

wet yarn 13.0 3.3 19.0 4.3 16.4 4.0 16.4 9.9

Flax yarn  25.3 tex 
from bleached roving dry yarn 7.1 1.6 7.9 1.7 7.6 1.6 3.9 5.8

Hemp yarn 100 tex 
from boiled roving

dry yarn 3.9 3.9 8.7 6.04 6.4 5.13 30.4 15.7

wet yarn 6.9 4.4 11.8 5.5 9.1 4.9 19.6 8.36

Hemp yarn 93.5 tex 
from bleached roving

dry yarn 5.9 1.7 16.5 2.3 11.0 2.1 36.2 11

wet yarn 11.0 3.5 26.6 5.9 18.8 4.5 37.8 19.6
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case of the bleached hemp yarn tested 
in the dry state, the difference between 
the maximum and minimum displace-
ment recorded is double in comparison 
with bleached flax yarn in the same stress 
conditions. This may represent the more 
rigid chemical structure of the flax yarns 
compared with the hemp yarns of the 
bleached yarn component tested. 

The load and displacement which the first 
breaking destruction phenomena of the 
yarn fibres show are those corresponding 
to the tensile yield stress. Thus it is pos-
sible to establish the maximum tensions 
that the yarn could support without fibres 
breaking. In this way, flax yarn of 103 
tex from boiled roving could support ten-
sions without breaking during the manu-
facture process until 2.9 cN/tex in the dry 
state and 21 cN/tex in the wet state. In the 
case of bleached flax yarn of 66.6 tex, the 
yarn tensions must not be over 2.8 cN/tex  
during wet state processing, and 24 cN/tex  
in the dry state. For boiled hemp yarn dur-
ing dry state processing, it is advisable that 
the yarn tension not be over 1.5 cN/tex. In 
the wet state this tension should be lower 
than 3.6 cN/tex. For the bleached hemp 
yarn studied, the maximum values of the 
tension could be 1.9  cN/tex for dry yarn 
and 3.7 cN/tex for wet yarn. These limits 
were established considering the minimum 
values of the tensile yield stress, (Table 5).

Behaviour of flax and hemp yarns in 
the breaking area 
The breaking area of the load-extension 
diagram (Figures 2 - 10) is character-
ised according to the accelerated break-
ing phenomena of the macromolecular 
chains resulting in fibres breaking i.e. 
the yarn breaking. This breakage occurs 
in the weakst part of the stressed section. 
The load and displacement values cor-
responding to the tensile yield stress for 
the flax yarns analysed are presented in 
Table 6. 

During the breaking process, irreversible 
displacements take place between fibres 
as well as between the macromolecular 
chains of the fibre compounds, in which the 
yarn supports a higher load increase than 
the displacement increase (Figures 2 - 10). 

The spiral structure of cellulose macro-
molecules changes its orientation due to 
water absorption and an increase in inter-
molecular forces, causing an increase in 
the strength of the test yarns in the wet state. 

The values of the coefficient of variation 
of the yarn strength recorded were over 
40% for boiled hemp yarn and over 30% 

for bleached hemp yarn, (Table 6), due to 
the large irregularity of the fineness and 
length of the hemp fibres. 

For the yarns studied in the breaking 
area, the bleached flax and hemp yarns 
tested in the dry state have a minimum 
longitudinal displacement, the cause of 
which may be the reduced content of 
non-cellulose substances remaining in 
the fibres. The flax yarns analysed are 
more uniform and have a strength varia-
tion between 6 and 17%. In the breaking 
area displacements take place at the yarn 
fibre level, where massive breaking of 
the macromolecular chains of the internal 
structure resulted in the yarn breaking. 

Analysis of the breaking mechanical 
work of flax and hemp yarns  
in the dry and wet states 
The breaking mechanical work repre-
sents the energy necessary for yarn dis-

placement up to the time of breaking. The 
area enclosed under the load-extension 
curve is a measure of this energy. Values 
of the breaking mechanical work for the 
flax and hemp yarns analysed are pre-
sented in Table 7. 

The energy necessary for displacement 
up to the breaking of flax and hemp yarns 
is higher in the wet state than in the dry 
(Table 7). This is a fact determined for all 
the types of yarns tested, no matter the 
yarn fineness. These phenomena can be 
as a consequence of the water absorption 
of yarn fibres, which modifies the inter-
nal structure of the fibres due to hydrogen 
bridges arising between the macromo-
lecular chains. 

Factor of mechanical work 
The study of the mechanical work factor 
allows to appreciate the yarn capacity to 

Table 7. Mechanical work of breaking; *J, Joule, 1 J = 1 N . 1 m.

Yarn coding
Yarn 

stage in 
breaking 

time

Mechanical work of breaking , J*

Minimum value Maximum value Mean value for five 
measures

Energy, 
J

Range of 
absolute 

deformation 
e, mm

Energy, 
J

Range of 
absolute 

deformation 
e, mm

Energy, 
J

Range of 
absolute 

deformation 
e, mm

Flax yarn 103 tex 
produced by  wet 
spinning from boiled 
roving

dry yarn 0.0746 0 - 10.3 0.1425 0 - 14.4 0.176 0 - 13.8

wet yarn 0.1155 0 - 16.2 1.2760 0 - 25.6 0.1647 0 - 18.8

Flax yarn 66.6 tex 
produced by wet 
spinning from 
bleached roving

dry yarn 0.0659 0 - 28.0 0.0877 0 - 36.0 0.0742 0 - 32.6

wet yarn 0.0699 0 - 16.9 0.1272 0 - 21.4 0.1052 0 - 20.4

Flax yarn 25.3 tex 
produced by wet 
spinning from 
bleached roving 

dry yarn 0.0274 0 - 8.23 0.0239 0 - 8.89 0.0297 0 - 8.22

Hemp yarn 100 tex 
produced by wet  
spinning from boiled  
roving

dry yarn 0.0058 0 - 4.8 0.0152 0 - 6 0.0162 0 - 5.6

wet yarn 0.0126 0 - 4.4 0.0273 0 - 9.4 0.0196 0 - 6.5

Hemp yarn 93.5 tex 
produced by wet 
spinning from 
bleached roving

dry yarn 0.0222 0 - 8.89 0.0768 0 - 11.2 0.0519 0 - 12.438

wet yarn 0.0721 0 - 20.1 0.2231 0 - 29.68 0.1377 0 - 22.556

Table 8. Factor of mechanical work.

Type of analysed yarn
Yarn stage 
in breaking  

time

Factor of mechanical work

Minimum 
value

Maximum 
value

Mean value for 
five measures

Flax yarn  103 tex produced by wet 
spinning from boiled roving

dry yarn 0.377 0.422 0.399

wet yarn 0.290 0.353 0.339

Flax yarn 66.6 tex produced by wet 
spinning from bleached roving

dry yarn 0.430 0.460 0.442

wet yarn 0.291 0.322 0.310

Flax yarn  25.3 tex produced by wet 
spinning from bleached roving dry yarn 0.463 0.484 0.470

Hemp yarn 100 tex produced by wet  
spinning from boiled roving

dry yarn 0.260 0,320 0.290

wet yarn 0.330 0.459 0.398

Hemp yarn 93.5 tex produced by wet 
spinning from bleached roving

dry yarn 0.263 0.440 0.390

wet yarn 0.281 0.344 0.318
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support strains and deformations. Data 
centralisation regarding the mechanical 
work factor is presented in Table 8 (see 
page 11). 

The analysis of the factor of mechanical 
work (Table 8) allows the following con-
clusions to be drawn. 
n	The stretching behaviour of bleached 

yarns in the dry state approaches ideal 
behaviour according to Hooke’s law. 
The mean value 0.47 of the factor of 
mechanical work of  the thin flax yarn 
25.3 tex, tested in dry stage is  near to 
the same    corresponding to the ideal 
behaviour according to Hooke’s law. 

n	 All the yarns tested in the wet state 
recorded a decrease in the mean de-
formation energy (ratio of mechanical 
work), showing deviations towards 
ideal behaviour. An exception was the 
hemp yarn of 100 tex produced from 
boiled roving. 

The reduction into smaller values of the 
ratio of the mechanical work of bleached 
hemp yarn in the wet state can be ex-
plained by the existence of lignin in a 
higher proportion than in flax yarns. It is 
known that lignin is a chemical compo-
nent which maintains an advanced orien-
tation stage of the internal structure of the 
fibres [29]. 

n	 Conclusions 
In the case of the flax yarns studied: 
103  tex, 66.6 tex, 25.3 tex and hemp 
yarns of 100 tex and 93 tex, the tenacity 
of all the fibres of the cross section con-
tributes to the yarn strength. The strain 
of the mentioned yarns arises since the 
beginning of application of the axial ten-
sion. The form of the load-displacement 
curve shows that during the stretching, 
there is no instant elastic displacement. 

For the bleached flax yarn 25.3 tex, test-
ed in dry stage  the experimental value 
of the factor of mechanical work tends to 
the theoretical value, for the ideal curve, 
according to Hooke’s law. In this case, 
the load-displacement curve is a straight 
line, which crosses the axes origin and 
divides in two parts the entire area re-
stricted by axes. The breaking mechani-
cal work is given by the area enclosed 
under load-displacement curve. This area 
has half value of the surface restricted 
by axes. The theoretic mechanical work 
is given by the  total area restricted by 
axes. The factor of mechanical work was 

calculated as a ratio between the real me-
chanical work and the theoretic mechani-
cal work. This factor has 0.5 value for the 
ideal curve, according to Hooke’s law.

Flax yarn of 103 tex from boiled roving 
could support tensions without break-
ing during the manufacture process until 
2.9 cN/tex in the dry state and 21 cN/tex 
in the wet state. In the case of bleached 
flax yarn of 66.6 tex, the yarn tension 
must not be over 2.8 cN/tex during wet 
state processing, and 24 cN/tex in the dry 
state. For boiled hemp yarn during dry 
state processing, it is advisable that the 
yarn tension not be over 1.5 cN/tex. In 
the wet state this tension should be lower 
than 3.6 cN/tex. For the bleached hemp 
yarn studied, the maximum values of the 
tension could be 1.9 cN/tex for dry yarn 
and 3.7 cN/tex for wet yarn. It is advis-
able that adjustments to the machines 
that process the yarns be established so 
that the maximum yarn tension is smaller 
than the corresponding load of the tensile 
yield stress. Thus, one avoids yarn degra-
dation because of yarns breaking.

For further processing in the wet state 
and the use of these yarns in a wet me-
dium, it is important to know the defor-
mation capacity of flax and hemp yarns 
after their water absorption. Hence, the 
tenacity of bleached flax yarn of 66.6 tex 
decreases by over 30% in the wet state 
in comparison with that in the dry state. 
In the case of bleached hemp yarn of 
93.5  tex, the tenacity increases by over 
15% in the wet state in comparison with 
that of the same yarn tested in the dry 
state. In a wet medium hemp yarns will 
have a good response. 
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