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Abstract
We have studied the trends in the redistribution of tensions falling on the individual com-
ponents of bi-component textile fabric systems under a constant load on the system. Using 
Matukonis’ model of a heterogeneous bi-component system, we show the factors predeter-
mining the trends in the change in partial tensions falling on individual components of a 
system. The creep behaviour of three bi-component textile systems characteristic of outer 
garment manufacture, composed of face fabric and interlining, is experimentally studied 
on a relaxometer we have developed, in order to verify the features revealed by the analysis 
of the model’s behaviour. Experimental results proved the theoretical findings. It was estab-
lished that the trend of change over the time under tension which initially falls on individual 
components of loaded bi-component textile fabric system is unambiguously predetermined 
by the difference in creep amount of the entire system and of a single component.

Key words: textile fabric, bicomponent systems, redistribution of tension, creep, mechani-
cal modelling.

Study into the Redistribution of Tension 
on the Components of the Loaded Textile 
Fabric System

n Introduction
Multilayer systems composed of textile 
fabrics with different properties are now-
adays universally accepted for various 
types of clothing and technical products. 
Appropriate selection of the system com-
ponents, as well as the usage of relevant 
methods for joining them together, meets 
the functional and aesthetic requirements 
of the final product [1-4]. To improve 
the dimensional stability of a product, 
e. g. a coat or jacket, the details of both 
face fabric and interlining, whether they 

are fused, stitched or simply assembled 
together, are used almost everywhere 
[2, 3, 5-9]. It was shown in [9] that the 
difference in the properties of individual 
components of heterogeneous fabric 
systems yields a diversity in behaviour 
of a fused or stitched fabric system in 
processing or in usage. This especially 
concerns the system’s time-dependent 
mechanical behaviour (e. g., creep, re-
laxation, recovery).

In our previous work [10], it has been 
shown that at a constant load on a system 
composed of a face fabric and an inter-
lining, the partial tension falling on one 
individual component of the system may 
be very different in proportion to another 
component. The individual component 
with a higher tensile modulus, and which 
consequently undergoes the highest par-
tial tension, determines the total elonga-
tion of the system. Moreover, the level 
of partial tensions on the components 
changes over the time while they redis-
tribute themselves. Phenomena of the 
same kind have been formerly studied in 
composite yarns [11, 12].
It was observed in [10] that in some 
cases the partial load which falls on the 
more rigid fabric components of a sys-
tem increased over time, while in other 
cases it decreased over time. Up to now, 
unfortunately, there has been insufficient 
knowledge of factors predetermining the 
trends in redistributing tension in com-
ponents . In the present study we have 
tried to answer this question and to dem-
onstrate how the partial tension distribu-
tion trends influence the time-dependent 
behaviour of both the total fabric system 
and its individual components.

n Model approach
Mechanical modelling is a useful theo-
retical method of analysing the behaviour 
of visco-elastic materials. A comprehen-
sive overview of the various mechanical 
models used for such purposes has been 

Figure 1. Mechanical model of the bi-
component textile system.

Figure 2. The dependency of change in 
partial tension (Fa) on the component a 
(Fa >Fb) of the model at constant total 
load Ft upon the ratio n of relaxation times 
(τa = 1, k = 0.1, m = 0.9, p = 10).

Figure 3. The characteristic curves of change 
in the partial tension (Fa) on component a 
(Fa ≥ Fb) of the model at Ft = 1, DaS = 1, 
τa = 1, and n = 1: 1) k = 0.7 m = 1.4, 
p = 0.75; 2) k = 1, m = 0.5, p = 1.5; 
3) k = 0.1, m = 0.5, p = 1; 4) k = 0.5, 
m = 0.1, p = 0.1; 5) k = 2, m = 0.1, p = 3.5; 
6) k = 0.6, m = 1, p = 1.5. 
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presented in [13]. In this study, we took 
the a-b model (Figure 1) proposed by 
Matukonis [11] to analyse the time-de-
pendency of tensions fallening on the 
components of the loaded bicomponent 
textile system. Each component (a and 
b) of the model consists of a Maxwell 
unit and a single spring in parallel. The 
parameters of the model are the springs’ 
elasticity constants DaS, DaM, DbS, DbM, 
and the relaxation times τa, τb of the 
Maxwell units.

It has been shown in [11], that the interre-
lation of total load F acting on the model, 
tension Fa fallen on the a component, 
and the time t is given by the differential 
Equation (1).

Naturally,
 Fb = F - Fa                     (2)

To analyse the changes in the tension on 
an individual component of the system 
over time, the following dependencies 
between the parameters of the model are 
introduced into Equation (1): τb = nτa; 
DbS = kDaS; DbM = mDaM; DaM = pDaS, 
where n, k, m, and p are constant coeffi-
cients, all of them being quantities bigger 
than zero. This introduction eliminates 
the particular values of spring constants 
of the model in Equation (1) which re-
sults in Equation (3).

For F = Ft =const, the solution of Equa-
tion (3) is:

  (4)

where r1 and r2 jest opisane Equation (5).

If the total load Ft is applied to the model 
instantaneously, the initial (at t = 0) par-
tial tension on the component a is:

        (6)

while its derivative is described by equa-
tion (7).

Putting the expressions (6) and (7) into 
(4), and differentiating the latter, the con-
stants C1 and C2 are obtained expressed 
by Equation (8) and (9).

To reveal how partial tensions on the 
model’s components are redistributed 
among themselves over time, as well 
as how this redistribution is influenced 
by parameters of the model, we took  
Ft = 1 and DaS = 1  in the analysis. Since 
the relaxation times τa and τb  determine 

Equation: 1, 3, 5, 7, 8, 9, 13 and 14.

the speed of any change in the partial 
tensions on the model components which 
have no influence upon the direction and 
scale of the run (Figure 2), we took also

 τa = τb = 1, i. e. n = 1.

It follows from Equations (4) and (6) that 
for Ft = const the higher partial tension 
initially falls on the component a (at t = 0, 
Fa = Fa0) when

     (10)

In any case, the final (at t = ∞) tension on 
the component a becomes equal to 

           (11)

Hence, the initial partial tension Fa0  will 
continue to increase if

              (12)

or if m > k. If m < k, the initial partial ten-
sion Fa0 will continue to decrease, and if  

Table 1. Values of parameters determining the trend in change of partial tension which initially 
falls on the component a (Fa0  ≥ Fb0) of the model at constant total load Ft=1 and DaS=1.

Variant
Trend of 
tension’s 

(Fa) change
k m p

Corresponding 
no of curve
 in Figure 3

ε∞-ε0 Fa0
εa∞-
εa0

1

(m>k)

< 1 >1 ≤ (1-k)/(m-1) 1 0.30 0.50 0.21

2 < 1 = 1 > 0 6 0.95 0.54 0.33

3 < 1 < 1 > 0 3 0.79 0.77 0.38

4

(m<k)

< 1 < 1 > 0 4 0.28 0.77 0.38

5 > 1 < 1 > (k-1)/(1-m) 5 0.05 0.66 0.51

6 = 1 < 1 > 0 2 0.13 0.59 0.35

Note: When m=k, the initial partial tensions Fa0 and Fb0 do not change over time.
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m = k, the partial tensions which initially 
fall on the components a and b will not 
generally change over time.

The eventual values of the model’s 
coefficients coinciding with Equations 
(10) and (12) are shown in Table 1. The 
set of curves reflecting the diversity of 
trends and scales in a change of partial 
tension Fa at Ft = const  is presented in 
Figure 3. It is seen that the partial ten-
sion which initially falls on an individual 
component of the model, as well as the 
direction and magnitude of the tension’s 
change in time, are unambiguously de-
termined by the values of the coefficients 
k, m, and p.

We have assumed that the redistribution 
of tensions on the system’s components 
over time is in close conjunction with the 
creep amount in the entire system as well 
as of the individual components at cer-
tain applied loads. The maximum creep 
amount of the model a-b at constant load 
Ft is expressed by Equetion (13).

The maximum creep amount of the 
component a at a constant load equal to 
the tension Fa0 which initially falls on it 
when the load Ft is applied to the entire 
model is expressed by Equation (14).

The values of maximum creep amounts 
obtained by Equations (13) and (14) 
are shown in Table 1. It is seen that 
if the creep of component a is at load 
Fa0 = const less pronounced than the 
creep of the entire system, the tension on 
this component at Ft = const continues to 
increase. If the creep of the component is 
more pronounced than that of the entire 
system, the initial tension on the compo-
nent continues to decrease.

n Experimental
It has already been demonstrated [10] 
that the tensions which initially fall on 
the individual components when the 
fabric system is loaded depend entirely 
on the difference in the modulus of the 
components: the higher tension falls on 
the more rigid components. To verify 
the other regularities revealed by the 
analysis of the model’s behaviour for 
the investigation, we experimentally 
investigated the creep behaviour of three 
bi-component systems of the textile 
fabrics characteristic of outer garment 
manufacture. Each of the systems con-
sidered was composed of a face fabric 

and of a fusible interlining, both of which 
were assembled lengthwise together into 
a sandwich without fusing. The actual 
structural characteristics of the face fab-
rics are presented in Table 2, while those 
of the interlinings are given in Table 3.

The experiments were conducted on a 
relaxometer [10] designed and developed 
at the Department of Apparel and Poly-
mer Product Technology, Kaunas Uni-
versity of Technology. The force measur-
ing system of the relaxometer enables the 
operator to measure the tension on an in-
dividual component of the bi-component 
sandwich-like textile fabric system over 
time under a constant total tensile load 
applied to the system. The relaxometer 
is also suitable for measuring the elonga-
tion of a fabric system or of an individual 
fabric in creep and creep recovery stud-
ies. The tension and elongation are meas-
ured digitally at 0.11 s intervals during 
the entire test period.

In all the tests conducted on the relax-
ometer, the gauge length was 250 mm, 
and the width of specimens was 50 mm. 
Eight specimens for every fabric system 
were tested in each principal direction, 
lengthwise and crosswise. For the ten-
sion redistribution test, a fabric system 
was loaded by the total load of 50 N for 
the time θt = 1800 s, and the tension of 
the face fabric was measured during this 
entire period of time. The tension on the 
interlining was obtained as the difference 

between the total load on the system and 
the tension on the face fabric.

In experimental tests, the complete appli-
cation of a load to a specimen cannot al-
ways be entirely instantaneous, as is cus-
tomarily assumed in theoretical studies. 
In our experiments, the real time needed 
to apply the assigned load to a specimen 
took a few seconds. To avoid misunder-
standing, for every real specimen the 
time notified as t* was accounted from 
the instant at which the specimen began 
to creep at the assigned constant load.

The values of the tensions on the face 
fabric and the interlining measured at 
t*=0 (see Table 4) were afterwards used 
as the constant loads in the creep tests of 
these individual components.

n Results and discussion
It was found experimentally that the ten-
sion on a single component of a loaded 
bi-component textile fabric system dif-
fers in magnitude as well as in the trend 
of its change over time, in proportion to 
the properties of the second component 
of the bi-component system. For exam-
ple, when the T1/I1 system is loaded 
lengthwise, the higher tension initially 
falls on the T1 component, and contin-
ues to increase. Conversely, when the 
T1/I1 system is loaded crosswise, the 
lower tension initially falls on the T1 
component, and it continues to decrease 

Table 2. Structural characteristics of woven face fabric.

Fabric
code

Fibre
constitution

Yarn linear
density, tex

Number of
threads per dm

Yarn crimp,
%

Area
density,

g/m2
Weave

warp weft warp weft warp weft
T1 Wool 88 96 150 140 2.7 6.8 284 Combined
T2 Wool 25 25 340 290 2.3 10.8 158 Twill 2/1

Table 3. Structural characteristics of interlinings; Note: * with weft inlay.

Fabric
code

Fibre
constitution

Warp-knitting
structure

Resin
dots

Number of
resin dots
per cm2

Area
density,

g/m2

Recommendable fusing 
regime

temp.,
°C

pressure,
kPa

time,
s

I1 PET Combined* PA 21 71 135 25 12

I2 PET Closed pillar 
stitch* PA 52 60 127 25 15

Table 4. Tension on the component fabrics under a total load of 50 N on the system.

System/
component

T1/I1 at t*= T1/I2 at t*= T2/I1 at t*=
0 1800 s 0 1800 s 0 1800 s

T1 I1 T1 I1 T1 I2 T1 I2 T2 I1 T2 I1

Tension,
N

∧ 31.4 18.6 35.6 14.4 16.4 33.6 21.8 28.2 41.1   8.9 43.6   6.4
>   9.9 40.1   9.5 40.5 21.4 28.6 17.3 32.7   6.8 43.2 11.6 38.4

Notes: ∧ – loading lengthwise; > – loading crosswise.
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(Figure 4). Replacing the I1 interlining in 
the system by the I2 interlining results in 
quite different behaviour: when loading 
lengthwise, the lower tension falls on the 
T1 component and continues to increase. 
When loading the system crosswise, 
the lower tension which had initially 
fallen on the T1 component continues 
to decrease (Figure 5). The components 
of the T2/I1 system behave in yet a dif-
ferent manner: when loading lengthwise, 
the higher tension which had initially 
fallen on the T2 face fabric continues 
to increase; when loading crosswise, the 
initial tension on the face fabric is lower 

than on the interlining, but it continues to 
increase (Figure 6).

The experiments demonstrated the theo-
retical findings that the onward change 
and redistribution of the tensions on the 
loaded system’s components are in close 
conjunction with the creep amount in the 
entire system, as well as in the individual 
components. This is testified by creep 
experiments with the single components 
at constant loads equal to the tensions 
which initially fell on them at t*=0, i. e. at 
the very beginning of the system’s creep 
(see Table 4 for the values of tensions). 

In such loading conditions, if the creep 
of the component was less intensive than 
that of the loaded system, the tension on 
this component continued to increase 
irrespective of whether it was higher 
initially (I2 in the system T1/I2>, T1 in 
T1/I1∧, I1 in T1/I1>, and T2 in T2/I1∧) or 
lower initially (T1 in the system T1/I2∧, 
and T2 in T2/I1>) than the tension on the 
other component of the loaded system.

To obtain model constants from the ex-
perimental data for every fabric system, 
the following procedure is used. As the 
main component of the system, the face 

Figure 4. Creep () and tension (- - - -) curves of the fabric system T1/I1, of its individual components T1 and I1, and of the 
components T1/(I1) and (T1)/I1 when behaving within the system: a –loading lengthwise, b – loading crosswise.

a) b)

Figure 5. Creep () and tension (- - - -) curves of the fabric system T1/I2, of its individual components T1 and I2, and of the components 
T1/(I2) and (T1)/I2 when behaving within the system: a –loading lengthwise, b – loading crosswise.

a) b)

Figure 6. Creep () and tension (- - - -) curves of the fabric system T2/I1, of its individual components T2 and I1, and of the components 
T2/(I1) and (T2)/I1 when behaving within the system: a –loading lengthwise, b – loading crosswise.

a) b)
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fabric (T1 or T2) is considered as com-
ponent a of the model, and the interlining 
(I1 or I2) is considered as component b. 
At a constant total load of Ft = 50 N on 
the system, the experimental values of 
initial (at t* = 0) tensions Fa0 and Fb0 
which fell on the components and the cor-
responding final (at t* = 0) tensions Fa0 
and Fb0 are assumed to be equal to the 
corresponding tensions of the model at 
t = 0 and t = ∞. Adapting the experimen-
tal values of tensions on the individual 
fabrics to Equations (4) and (6), the val-
ues of coefficients k = Fb0 / Fa0  and

            (15)

are obtained. Next, the value of the coef-
ficient m is chosen in accordance with 
the data in Table 1 and the experimental 
value of q: i) m > q at m > k ; ii) m < q at 
m < k; iii) m = q = k. Finally, the value of 
the coefficient p is obtained from Equa-
tion (15). The relaxation times τa and τb  
may be arbitrarily chosen, depending on 
the experimental timescale of loading.

The calculated parameters of the models 
for every tested fabric system are shown 
in Table 5, and the curves of change in 
tension on the face fabrics of the loaded 
systems over time are shown in Figure 7. 
It is seen that the model a-b well repre-
sents the distribution of tensions on the 
individual components of loaded bi-com-
ponent textile fabric systems. This can 

Figure 7. Experimental () and theoretic (- - - -) curves of partial tension fallen on face 
fabric (T1 or T2) at constant total load Ft=50 N on the fabric system (the values τa = 60 s, 
τb = 120 s are taken for the system’s model): a – loading lengthwise, b – loading crosswise.

a) b)

serve as a reliable medium in attempts 
to predict the trend of changes in tension 
on the individual components of a loaded 
textile system.

n Conclusions
The two-component model a-b used in 
the study well represents the redistribu-
tion of tensions on single components 
of a loaded bi-component textile fabric 
system. The model is able to predict the 
redistribution trends determined by the 
model’s constants DaS, DbS, DaM, DbM or 
the ratios m, k, and p. The model’s relaxa-
tion times determine the speed of change 
in the tensions on the components, but 
they do not influence the initial or final 
values of the tensions.

It has been theoretically and experimen-
tally established that the tension which 
initially falls on the individual compo-
nent of the loaded bi-component textile 
fabric system continues to increase if the 
creep of the system is more intensive than 
that of the single component at a constant 
load corresponding to the tension which 
initially fell on it at the beginning of the 
system’s creep. If in similar conditions 
the system creep is less intensive than 
that of the single component, the tension 
which initially fell on the single compo-
nent will continue to decrease.
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Table 5. Parameters of the model for the fabric systems.

System 
code

Parameters of the model at selected relaxation times τa = 60 s and τb = 120 s
k q m p DaS DaM DbS DbM

↑T1/I1 ∧ 0.404 0.592 0.8 0.905 35.6 32.2 14.4 25.8
↓T1/I1 > 4.263 4.051  2.1 0.109   9.5   1.1 40.5 2.2
↑T1/I2 ∧ 1.294 2.049 3.1 0.718 21.8 15.7 28.2 48.5
↓T1/I2 > 1.890 1.336 1.1 2.342 17.3 40.5 32.7 44.6
↑T2/I1 ∧ 0.147 0.217 0.4 0.380 43.6 16.6   6.4   6.6
↑T2/I1 > 3.310 6.353 11.0 1.847 11.6   7.6 38.4 83.5

Notes: ∧ – loading lengthwise; > – loading crosswise; ↑↓ – increase and decrease in 
the tension which initially fell on the face fabric. Received 11.02.2005       Reviewed 19.09.2005


