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REZUMAT. În acest articol este utilizată o tehnică de modelare pentru a putea prezice forţa de rupere a 
ţesăturilor, care constituie una dintre principalele caracteristici ale ţesăturilor și influenţează performanţele 
ţesăturii. Acest model este bazat pe regresia liniară multiplă, iar în acest articol a fost dezvoltată o funcţie în 
SCILAB care permite determinarea ecuaţiei de regresie. Parametrul cel mai important care influenţează 
procesul de prelucrare, conform modelului elaborat este forţa de rupere a firelor de urzeală. Alţi parametri 
importanţi au fost desimea firelor de urzeală, bătătură și tipul firelor de urzeală. 
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ABSTRACT.  In this study, the computational modelling techniques are used to predict woven fabric strength 
that is one of the main features for the characterization of woven fabric quality and fabric performance. This 
model is based on multiple linear regressions and in paper was developed a function in SCILAB which permit 
determination of equation. The significant parameter in the manufacturing was found as strength of warp 
yarns. Other important parameters influencing the breaking force are the warp and weft density and yarn type. 
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1. INTRODUCTION 

The different types of textile structures can be 
divided into four categories: woven fabrics, knitwear, 
braids and nonwovens. Of these, the woven fabrics 
have a good dimensional stability in both directions 
(warp and weft), and have a high coverage capability. 
One of the most important features of fabrics, which 
at the same time provide information on their quality, 
is tensile strength. Even though the final product of 
spinning and weaving is woven fabric, it constitutes 
the raw material for clothing and other industries 
(composites, technical or medical textiles). The 
woven fabric is a textile product obtained by the 
mutual perpendicular arrangement of two yarn 
systems (warp and weft). The intersection of these 
two systems depends on the friction between yarns 
and fibers. 

The study of the woven fabric mechanics is found 
in a paper of Haas, in the German aerodynamic 
literature in 1912 during development of airships. 
Another paper was written by Peirce in 1937 who was 
a pioneer in the investigation of tensile deformation of 
woven fabrics. He presented a mathematical and 
geometrical model breaking force of the plain weave 
structure which is theoretical. These researches were 
modified by a great number of science people. Great 

progresses in this field have been made over the last 
century in the development of the theory of 
geometrical structure and mechanical properties of 
fabrics. 

The mathematical modelling of woven fabric 
stress – strain relationship is a very tough subject. 
The development of mathematical models for woven 
fabrics is complicated and difficult task due to the 
larger numbers of factors on which the behavior of 
the fabric depends. A mathematical model requires a 
large number of hypotheses which must cover the 
missing knowledge or inability to express some of 
the relevant factors.  

Mathematical models based on the fundamental 
mechanics of woven fabrics often fail to yield 
satisfactory results, because it is very difficult to 
incorporate all the necessary elements into a model. 
The results of mathematical models usually have a 
range of applications very specific. It is necessary to 
make a fundamental distinction between a three 
types of modelling: predictive, descriptive and 
numerical models. The predictive models, most 
used, are based on the consideration of at least the most 
important and relevant factors, while the effect of the 
remaining ones is covered by suitable assumptions 
(define the limits of validity and accuracy of results). 
The descriptive models are empirical and reflect the 
need for simple mathematical relations which express 
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the behavior of fabric from the point of view of a 
particular property, [1]. The numerical models may 
ignore the mechanism which taking place within the 
structure, but focused the numerical relations between 
different variables, like stress – strain relations. The 
method is based on statistical considerations and 
requires fewer hypotheses and provides an approach 
more relevant to real situations. This is possible 
because exist different methods for fitting a curve in 
many industrial or science fields. 

The solution for prediction of fabric strength is a 
problem that could be performed by using the 
empirical and computational models, starting with 
classical regression analysis and continued with arti-
ficial neural network, Taguchi design of experiments 
or genetic algorithm based artificial neural network, 
[2].    

2. METHOD FOR TENSILE STRENGTH 
PREDICTION OF WOVEN FABRICS 

Several types of fabrics for upholstery have been 
studied in this article to track both the effect of the 
raw material from which yarns are made, the 
characteristics of yarns and fabrics. This information 
was used to predict the maximum breaking strength of 
fabric in the warp direction. Initially, the parameters 
which affect the fabric strength was choose from 
experimental design perspective and then breaking 
force of woven fabrics was modelled based these 
parameters using multiple regression modelling 
approach. The following parameter was collected 
from an upholstery products factory, which used 
different types of woven fabrics. The parameters 
was considered potentially important and affected 
the breaking force of woven fabrics are presented in 
table 1. 

 
Table 1. Factors and levels which affect the breaking force of 

woven fabric 

 Levels 

Factors 1 2 3 4 

A: Warp yarn count (m/g) 17 19 29 36 

B: Warp density (warps/cm) 28 41,5 30 15 

C: Fibre type of warp yarn BBC PES+BBC PES - 

D: Strength of warp yarn (N) 3,76 4,05 5,68 7,05

E: Weft yarn count (m/g) 10 16 29 36 

F: Weft density (warps/cm) 13 22,6 28 16 

 
Strip method (EN ISO 13934-1; 1999) was 

adopted for the evaluation of breaking force of 
woven fabrics in Tinius Olsen H5KT fabric strength 
tester. Any fabric slippage from the tester grips was 
recorded. 

Breaking force was recorded for evaluation. For 
each variant two samples were tested at each group, 
which were 20 cm in length and 25mm in raveled 
width. Gage length was set to 75mm and none the 
samples were failed at or close to the grip region. 
Only warp-wise testing was performed. Testing 
machine was set for a loading rate of 300 mm/min. 
All tests were performed under standard atmospheric 
conditions (65 ± 2 % relative humidity and 20 ± 20C 
temperature) and the samples were conditioned 
hours under such conditions for 24 before testing. 

Load-strain curves had a similar look for all 
variants of fabrics analyzed; an example of curve is 
presented in figure 1. 

 

 
 

Fig. 1. Typical stretch strain curve for tested fabrics. 
 
Tensile tests were performed to breaking of test 

samples and the recording time of the maximum 
load value was considered the maximum force have 
appeared in the first warp yarn breakages. The 
experimental design matrix formed with factors and 
their levels related with fabric strength are given in 
table 2. 

 
Table 2. Experimental matrix and values  

for woven fabric strength 

Variants Factors Average 
force  

Frwa (N) 
A B C D E F 

1 17 28 1 3.76 10 13 587 

2 19 41.5 3 4.05 16 22.6 938 

3 29 30 2 5.68 29 28 945 

4 36 15 2 7.05 36 16 590 

5 17 15 2 5.68 10 16 469 

6 19 30 2 7.05 16 28 1103 

7 29 41.5 3 4.05 29 22.6 924 

8 36 28 1 3.76 36 13 579 

 
In this study, the traditional and computational 

modelling techniques are used to predict the tensile 
strength. Compared the other classical modelling 
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techniques, computational modelling methodology 
seems to have been more robust and appropriate. 
This study has many advantages to reduce the waste 
and scrap ratio before and during manufacturing. 

Experimental data processing was performed 
using multiple linear regression method. Multiple 
Linear Regression (MLR) is a well-known statistical 
procedure trying to find a linear relationship between 
two or more explanatory variables and a dependent 
variable by observing data. It can be used for 
forecasting output values. Dependent variable (y) 
can be explained by the equation (1), [5]: 

 



n

i
ii xbay

1

  (1) 

Fabric strength is defined as dependent variable 
and some explanatory variables are: warp and weft 
count, fiber type of warp yarn, weft and warp 
density and strength of warp yarn, table 1. 

The coefficients of Multiple Linear Regression 
equation was calculate with a particular function 
created in SCILAB, figure 2.  

 

 
 

Fig. 2. SCILAB function for MLR [3]. 
 

Multiple Linear Regression equation defined as 
below by considering the mean fabric strength data 
is presented in equation 2: 

 
F,E,D,

C,B,A,.y




789904166499

65597521752348227
 (2) 

For each control factor, the effect of each factor 
on the woven fabric tensile strength at different 
levels was analyzed. The biggest influence on the 
breaking strength is the strength of warp yarn (D), 
followed by the factors: fiber type of warp yarn (C) 
and warp yarn count (A).  

ANOVA is a one of the most frequently used 
statistical methods to measure the influence of 
individual factors and to determine the relative 
importance of various parameters. In order to 
understand the relationship between factors and woven 
fabric strength property, regression analyses were 
used. The results of ANOVA and regression analysis 
results were given in figure 3 and figure 4, res-
pectively. 

 

 
 

Fig. 3. Analysis of variance with ANOVA. 
 

In this case the null hypothesis is rejected and the 
linear model is valid. In this case is necessary to test 
the significance of calculated coefficients, figure 4. 

 

 
 

Fig. 4. SCILAB function for MLR, testing coefficients 
 

The new multiple linear regression equation 
based on coefficient significance is presented in 
relation 3: 

 F,D,C,B,y  789649965597521  (3) 

The power of the relationship between multiple 
variable is measured with correlation coefficients. 
There are several types of correlation coefficient: 
Pearson’s correlation or Pearson correlation is a 
correlation coefficient commonly used in linear re-
gression, [4]. Values for multiple correlation 
coefficient and adjusted coefficient of multiple 
determinations are presented in figure 5. The value 
indicates a strong uphill (positive) linear relationship. 
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Fig. 5. Multiple correlation coefficient calculate  
with SCILAB function. 

3. RESULTS 

The determined model can be used to predict the 
breaking strength of fabrics for upholstery, which 
have characteristics in the analyzed field. For this 
purpose, the difference between the measured values 
and those calculated for the analyzed fabrics was 
checked, Figure 6. 

 

 
 

Fig. 6. Measured and calculate values for woven fabrics 
breaking forces 

 
The difference between calculated and measured 

values varies between -0.8952 N and 4.6812 N. 
From this point of view, the model is appropriate. 

4. CONCLUSIONS 

In this study, the computational modelling tech-
niques are used to predict woven fabric strength that is 
one of the main features for the characterization of 
woven fabric quality and fabric performance. This 
model is based on multiple linear regressions and in 
paper was developed a function in SCILAB which 
permit determination of equation. The model is 
useful for production planning function in the plant 
will be able to predict the woven fabric strength 
easily to be known optimal parameter setting before 
manufacturing. The significant parameter in the 
manufacturing was found as strength of warp yarns. 
Other important parameters influencing the breaking 
force are the warp and weft density and yarn type. 
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