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Abstract
In this paper, the ability of the pulling-through method with a distance plate for measuring the 
shearing properties of knitted fabrics was  studied. The conventional extraction method does 
not have a good correlation with the shearing properties of woven fabrics due to the complex 
deformation of the fabrics during  testing. This study investigated a modified approach  very 
similar to the conventional extraction method in order to evaluate the shearing behaviour of 
knitted fabrics. In this technique, the test is performed by a special pulling device mounted on 
a tensile testing machine consisting of two transparent horizontal plates: a replaceable base 
plate with a hole in the center, and a distance plate placed at a specified distance from the 
base plate. The shear properties of different knitted fabrics were measured by KES and the 
pulling-through method. The results reveal a high correlation between the pulling-through 
curve features and shear properties of the knitted fabrics.

Key words: extraction method, shear hysteresis, knitted fabrics, KES method, shear stiff-
ness, pulling-through curve.

ric specimen was pulled through a cy-
lindrical ring. The fabric is folded, com-
pressed and rubbed against the interior 
wall of the ring during withdrawal. They 
reported that the pulling force correlates 
with the fabric weight, bending proper-
ties, the coefficient of friction and work 
of compression. It is claimed that the ex-
traction of a fabric through the ring could 
also be a method to evaluate mechani-
cal properties, including shearing [7]. 
Alamdar [8] reported that the extraction 
method does not have a good correlation 
with the shearing properties of woven 
fabrics due to the complex deformation 
of the fabrics during  testing. Variation 
in the pulling force is high as a result of 
the change in the folding configuration 
formed by the fabric passing through the 
ring. This variation may necessitate an 
increase in the number of tests. In order 
to reduce the variation in results as well 
as control  the folding configuration dur-
ing the withdrawal, a novel technique 
was developed which is very similar to 
the conventional pulling-through meth-
od [9 - 15]. In this technique, the test is 
performed using a special pulling device 
mounted on a tensile testing machine 
consisting of two transparent horizon-
tal plates: a replaceable base plate with 
a hole in the center and a distance plate 
made of plexiglass which is placed at a 
specified distance from the specimen and 
base plate. Figure 1 shows the principle 
of this method Pulling-through with 
Distance Plate (PDP). Figure 2 shows a 
specimen being withdrawn through the 
ring and  space between the base  and 
distance plates. This study investigated 
this measuring technique in order to 
evaluate the shearing behaviour of knit-
ted fabrics. 

n	 Experimental design
Materials
In this study, thirty-seven fabric speci-
mens were knitted on a circular knitting 
machine [15]. The specimens were pro-
duced with different fibres, yarns, fabrics 
and finishing specifications, all of which 
could be used to manufacture a summer 
T-shirt. The following mechanical prop-
erties of the samples were measured by 
a KES-FB1 instrument [16] using the  
standard sensitivity of knits set-up [17]. 
G 		  - Shear stiffness (g/(cm.deg))
2HG 	 - Hysteresis of shear force at  

0.5 grad (g/cm) 
2HG5	- Hysteresis of shear force at  

5 grad (g/cm).

For each specimen, each measurement 
was made twice for three separate sam-
ples cut from the center of the knitted 
fabrics, and the five resulting values were 
averaged. Standard  samples of 200 mm 
× 200 mm were tested in the wale and 
course directions. Because anisotropy is 
a consideration for knitted fabrics, the 
shear properties were measured in both 
the course and wale directions. Aver-

n	 Introduction
In the process of tailoring a flat piece of 
fabric into a three-dimensional surface, 
shearing must occur. This ability of fab-
ric to deform within its plane is impor-
tant not only for tailoring but also for the 
handle of fabric [1, 2]. As the shear stress 
increases, however, a critical stage is 
reached where the fabric starts to deform 
out of its plane, buckling as a result. 
In practice, the tools  used to measure 
these properties are a KES-FB1 shearing 
tester [3] and FAST3 extensibility meter 
[4]. In the other method, the shear rigid-
ity can be calculated from the tensile 
properties of the fabric in a bias (45°) 
direction based on the interrelations of 
the in-plane properties of the plate [5]. 
Grover et al. [6] developed a test method 
to measure fabric handle in which a fab-
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Figure 1. Principle of the PDP method; 
1) base plate, 2) distance plate, 3) pulling 
needle, 4) hole, 5) fabric, 6) spacer pin.
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ages of the wale and course measure-
ments were calculated for further analy-
sis. Specimen testing was conducted 
in standard atmospheric conditions of  
20 °C ± 2 °C temperature and 65% ± 2% 
relative humidity. 

Furthermore, the fabrics were tested by 
the PDP method and the pulling-through 
curves analysed. The specimen of these 
fabrics and their specifications have been 
presented in our previous research work 
[15].

Sample preparation and test method
A circular fabric sample (100 cm2), 
held by the pulling needle, is placed on 
the base plate and pulled downwards 
through the hole and space between 
the two plates (Figure 1). The angle of 
the fabric’s movement through the hole 
changes 90° [15]. The fabric specimen 
buckles, and shear forces arise in the fab-
ric. When a distance plate is used, fabric 
shearing occurs more intensively since 
the use of a distance plate multiplies the 
number of creases. The force required is 
measured with respect to the displace-
ment of the specimen and recorded as a 
force-displacement curve. The pulling 
force is required to overcome the bend-
ing and shearing forces. A typical pull-
ing-through curve (force-displacement 
curve) obtained by the PDP method is 
shown in Figure 2. 

A new approach to clarify the 
correlation between shear properties 
and pulling-through curves  
Although it is assumed and has been theo-
retically proven that  information related 
to the mechanical properties of the fabric 
is contained in the pulling-through curve,  
there is no direct method available to de-
rive this information and transform it into 
well-defined physical and mechanical 
parameters or to identify specific char-
acteristics on the curve corresponding to 
known fabric properties. Due to the lack 
of directly available means,  statistical 
correlation analysis was used. 

In the first approach, each of the knitted 
fabrics was tested using the PDP method, 

and the pulling-through curve obtained 
was fed into a computer via a data ac-
quisition system in the form of a discrete 
data set, denoted as X. 

X = (X1, X2, X3, ..., Xn), n = 24     (1)

A data set was obtained from the distance 
between the starting point and peak point 
of each pulling-through curve. The result 
of the numeric differentiation of data set 
X, denoted as Z, is as follows:    

Q
XX

Z nn
k

1−−
= ,  k = 1, 2, …,12. (2)

Q is the interval between Xn and Xn-1,
which is assumed to be constant for all 
pulling-through curves. In fact, Zk repre-
sents the slopes of various locations on 
the pulling-through curve. Thus, for each 
fabric sample there are now two data 
sets: one from five primary hand values 
and the Zk set from the numerical dif-
ferentiation of the X set. Statistical cor-
relation analysis is used to correlate these 
data sets. 

Selection of  pulling - 
through curve features
In the second step, an easer and simpler 
approach to examine the shape of the 

curve was used. Six characteristics of the 
pulling-through curve be easily extracted 
from the pulling-through curves.

n	 Results and discussions
In order to understand how shear prop-
erties are associated with features ex-
tracted from the pulling-through curves 
of knitted fabrics, a Pearson’s correlation 
analysis was made using shear properties 
of the fabrics as the dependent variables. 
Table 1 shows the correlation coefficients 
of the analysis. 

The correlation analysis of features ex-
tracted from the pulling-through curves 
and shearing properties, as measured 
by KES-FB instruments, supports these 
results. Table 2 (see page 72) shows co-
efficients of the correlation between fea-
tures extracted from the pulling-through 
curves and the original physical and sur-
face properties.

Shear properties are important param-
eters which influence the features of 
pulling-through curves significantly. The 
findings reveal that the influence of shear 
stiffness (G) on the initial slope (Sf) is 
more than other pulling-through curve 

Figure 2. Force - displacement curve obtained from the PDP method.

Table 1. Correlation coefficients between shear properties and pulling-through features; * Significant at the 0.05 level, ** Significant at 
the 0.01 level.

Properties Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9 Z10 Z11 Z12

2HG 0.768 0.663** 0.477** 0.64** 0.74** 0.651** 0.376* 0.46** 0.548** 0.427** 0.289 0.434**
2HG5 0.781** 0.651** 0.451** 0.621** 0.732** 0.65** 0.401** 0.455** 0.562** 0.432** 0.282 0.416**

G 0.784** 0.586** 0.382** 0.611** 0.71** 0.482** 0.241 0.479** 0.547** 0.425** 0.211 0.391*
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features. Since the initial slope has the 
highest correlation with the shear stiff-
ness. Figure 3 shows the relationship 
between the shear stiffness (G) and the 
initial slope (Sf). The significant cor-
relation between the KES quantitative 
parameters and  measured features ex-
tracted from the curves of the modified 
pulling-through method indicates the 
better ability of this method to measure  
shearing properties as compared with the 
conventional pulling-through method. 

n	 Conclusion 
The shearing behaviour of knitted fab-
rics was evaluated using a new extrac-
tion method, which is very similar to the 
conventional extraction method. In this 
technique, the specimen is pulled through 
a hole and two transparent horizontal 
plates. When a fabric specimen is pulled 
through the hole, creases will be gener-
ated, and consequently shear forces ap-
pear in the fabric. When a distance plate 
is used, fabric shearing occurs more inten-
sively since the distance plate multiplies 
the number of creases. Six characteristics 
of  pulling-through curves obtained from 
different knitted fabrics were chosen and 
extracted. The correlation coefficients be-

tween features extracted from the pulling-
through curves and shearing properties, 
measured by KES-FB instruments, were 
investigated. The results show that there 
is a significant correlation between shear 
properties and features extracted from 
pulling-through curves. The initial slope 
of the curves had the highest correlation 
with the shear properties. Curve features 
of the modified extraction method (PDP 
method) can be used to evaluate the 
shearing behaviour of fabrics. Thus, shear 
properties are important parameters which 
influence pulling-through curve features. 
The correlation between  KES quantita-
tive parameters and measured features 
extracted from the curves of modified 
pulling-through method indicates the 
better ability of this method to measure  
shearing properties in comparison to the 
conventional pulling-through method.
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Figure 3. Relation-
ship between the 
initial slope (Sf) of 
the pulling-through 
curve and shear 
stiffness (G).

Table 2. Correlation analysis between features extracted from pulling-through curves and 
shear properties; * significant at the 0.05 level, ** significant at the 0.01 level, Fm - maxi-
mum force, Hm - peak location, A - area under pulling-through curve, Sf - initial slope of 
the pulling-through curve, Ss - second slope of the pulling-through curve, Sp - slope on the 
pulling-through curve at peak point.

Properties    Fm     Hm     A     Sf Ss Sp

2HG 0.727** 0.324* 0.713** 0.782** 0.544** 0.532**
2HG5 0.715** 0.284 0.699** 0.792** 0.521** 0.530**
G 0.660** 0.224 0.644** 0.820** 0.457** 0.504**


