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The article presents an objective evaluation of textile hand during the extraction of a disc shaped specimen through a 
central hole. The influence of separate extraction curve H–P parameters on the numerical hand value is analyzed. Two 
types of the extraction curve parameters that determine force and deformational fabric properties characterize fabric be-
havior during the extraction process. The optimal set of parameters for different fabric types is defined. The complex 
hand rate is expressed as the polygon area of a circular chart. The significance of parameters set arrangement in a circu-
lar chart is established. Also two equations for textile hand determination are presented. 
Keywords: textile, hand, mechanical properties, complex rate, instrumental measurement. 

 
INTRODUCTION∗

Textile hand evaluation method based on the extrac-
tion process of a disc shaped specimen through a central 
hole is considered to be a simple and perspective method 
for fabric stiffness, drape, anisotropy and other mechanical 
properties determination. During the test the specimen is 
slipping, folding, bending and is affected by complex ten-
sion and compressive deformations that are similar to the 
garment wear conditions.  

Recently such kind of research was reported in [5 – 9]. 
Since 1998 investigations based on an unstrained sample 
extraction process and possible sample loading and restric-
tion variations were fulfilled. Also typical extraction 
curves and fabric mechanical characteristics under dif-
ferent load conditions were analyzed. A special attention 
was paid to the evaluation of specimen’s geometry changes 
and to the prediction of specimen’s behavior. It’s stated 
that fabric behavior during the extraction process could be 
estimated from the shape of the extraction curve, it’s typi-
cal peaks and deflection position, also from the stepped 
shape and the sharpness of the beginning and the end of the 
extraction curve [10 – 12]. Thereby during a single test 
multiple fabric properties such as: softness, stiffness, elas-
ticity, friction, drape and others can be determined. The 
method of the restricted pulling can also be applied to the 
evaluation of fabric anisotropy.  

The search of fabric hand objective valuation is of 
great significance. Textile hand is defined as the subjective 
assessment of fabric, obtained from the sense of touch. 
Subjective hand characterization by touching, bending, 
creasing the investigated fabric is not trustworthy because 
of disagreement in a judges’ panel (the same fabric pro-
perty could be characterized by separate judges in different 
ways) [13 – 15].  

Objective evaluation is based on parameters (number 
values) which are assessed instrumentaly. Textile hand is 
used to be evaluated by the same method as well known 
complex rate of fabric quality – from the polygon area in 
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an appropriate circular chart. Several parameters are obtai-
ned from the fabric extraction curve (deflection height – 
extraction force). Values of parameters then are recalcula-
ted into the scale and marked down the axes of a circular 
chart, and the obtained points are joined by the straight 
lines which form the polygon. According to this, the better 
fabric quality is characterized by the less area [16]. It was 
noticed that the area of the polygon depends on the order 
of axes arrangement. Consequently the software was ap-
plied to pick out the sets of parameters arrangement which 
determine the less polygon area of all possible variants. In 
comparison the software also scores the maximal area va-
lue. Then comparing the minimal polygon areas, it is pos-
sible to clasify various fabrics according to the magnitude 
of their hand values, and to characterize them as fabrics of 
gentle, medium and poor hand. Thereby the unified met-
hod for textile hand measurement for different fabric types 
was created.  

The earlier publications concerning the assessment of 
fabric hand introduced several variants of complex hand 
evaluation, such as: fabric hand modulus application  
[17, 18], mathematical expression of total hand value 
(THV) [19], the comparison of evaluated fabric and the 
sample fabric [17, 18] and the circular chart of the complex 
hand rate [16]. Developing the unified complex hand rate 
evaluation method and optimizing the set of parameters 
and their arrangement order in a circular chart would allow 
to compare different fabrics among themselves. 

The aim of this work is to optimize textile hand evalu-
ation method: to form an optimal set of parameters, to pre-
dict the influence of the arrangement of parameters’ set on 
the precision of complex hand rate, to compare different 
mathematical equations of the complex hand rate. 

EXPERIMENTAL 
The test was performed with KTU-Griff-Tester atta-

ched to the standard tensile testing machine [5, 6, 14].  
The objects of investigation were 37 clothing fabrics 

(woven and knitted) of different thickness, composition 
and structure (Table 1). More detailed information about 
investigated fabrics was presented in our earlier work [15]. 
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Table 1. The objects of investigation  

Fabric group  
(number) 

Areal density, 
g/m2

Thickness δ, 
mm 

Suiting woven fabric (19) 59 – 365 0.10 – 1.04 

Outwear woven fabric (5) 244 – 505 0.81 – 2.35 

Knitted fabric (13) 84 - 437 0.32 – 2.10 

The circular specimen with the radius R = 56.5 mm 
(100 cm2) was extracted by the spherical punch of radius 
5 mm through the central hole. Extraction speed v = 100 
mm/min. The distance between limitting plates h and the 
radius of a circular hole of the lower plate r were chosen in 
respect to the thickness of tested fabric δ and taking into 
account the conditions of specimen jamming between  
limitting plates and in the hole [5, 6]: 
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Optimal test regimes [6]: 
when 0 < δ < 0.9; r = 10; h = 5.6δ; 
when 1.0 < δ < 1.4; r = 12.5; h = 4.5δ; 
when 1.5 < δ < 2.0; r = 15; h = 3.8δ. 

During the test extraction curve H–P (deflection height 
– force) was registered (Fig. 1) and on its basis primary 
hand parameters were determined: 

Pmax – maximal force,  
tgα – initial slope angle,  
A – pulling work,  
Hmax – maximal deflection height, 
H – deflection height, which corresponds to Pmax , 
ΔH = Hmax – H* – difference between maximal deflec-

tion value and its theoretical value H* (H* = 52 mm, when 
r = 10 mm) [6]. 
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Fig. 1. Typical extraction curves H–P: 1 – woven fabric, 2, 3 – 

knitted fabrics  

Other parameters: the distance between limitting plates 
h and the weight of specimen m were determined separate-
ly. The variation of fabric thickness Δδ due to the changes 

of measurement loading (ratio 1 : 5) was measured with 
special device [14]. 

Some changes were made in the process of the test. 
Parameters H and ΔH were derivative; also a big number 
of parameters accomplished the processing of results.  
According to this it was decided to refuse the evaluation of 
parameters H, ΔH, h and m.  

Fabric softness is supposed to be the primary hand 
property that is characterized by initial parameters Δδ and 
Hmax . Compression is a characteristic property of woven 
fabrics but elongation during the extraction process was 
insignificant, that is why the parameter Hmax varied be-
tween (52.0 – 57.0) mm [6, 14, 15]. It is possible to elimi-
nate the parameter Hmax from woven fabrics evaluation and 
narrow the set of parameters to the four, mentioned above. 
However deformational properties are inherent for knitted 
fabrics. The parameters Δδ and Hmax defining fabric sof-
tness and compression varied in a wide range, therefore 
knitted fabrics hand was evaluated by the five parameters. 

All the measured and recalculated values of parame-
ters p1, p2 , …, pn (n = 3, 4 or 5) of a separate fabric were 
marked down the axes 0x1, 0x2 ,…, 0xn of a circular chart 
(Fig. 2), which were drawn from the centre 0 at the angles 

of 
n
π2 . But if the values were of a great difference they 

were relocated to the 10 units scale (100 %) where the mi-
nimal value of several parameter corresponded to the point 
marked 1, and maximal – to the point 11. If pk was the  
value of parameter, when k = 1,…, n; and Mk = max pk ,  
mk = min pk , then a new value (1) marked out the axis 0xk 
was: 
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Fig. 2. The principal scheme of the circular chart 

The obtained area of  n – polygon (Fig. 2) was expressed 
as the complex hand rate Qn : 

)...(2sin
2
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In this research complex hand rate was calculated as 
the ratio of the area of  n – polygon (2) with the area of a 
circular chart , i. e. Q9.37994.379112 ≈≈⋅= πQ n/Q.  

The better fabric hand is characterized by the lower 
values of parameters. If fabric hand became better because 
of an increase of any parameter’s p value, this value then 
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was relocated on the axis in reverse direction, i. e. instead 
of  p  in Equation (1) the value was (11 – p). 

The unified hand evaluation of different fabric types 
was performed using five, four and three initial parameters 
that characterize fabric mechanical properties. 

Five parameters were registered during the extraction 
process of knitted fabrics: 
p1 = Pmax ; p2 = tgα ; p3 = A ; p4 = Δδ ; p5 = Hmax . (3) 

The calculations for all fabric types were performed 
twice. Complex hand rate Q5 (2) was obtained when the 
order of parameters arrangement was according to Equa-
tion (3). After that the software was used to select 

 variants with minimal value of Q1052 =⋅ 5 of all possible 
 variants of the arrangement of parame-

ters. In both cases investigated fabrics were grouped in 
accordance to minimal Q

12054321 =⋅⋅⋅⋅

5 value. In comparison the maxi-
mal value of  Q5  was calculated. 

Also the rate Q4 that expresses woven fabrics proper-
ties was calculated for all evaluated fabrics according to 
Equation (2) when n = 4 (excluding Hmax). Then the soft-
ware from  possible variants picked up those 

 with minimal Q
244321 =⋅⋅⋅

842 =⋅ 4 value. 
To analyze all possible variants of fabric hand expres-

sion, besides the techniques mentioned above, only three 
force parameters p1, p2 and p3 in Equation (3) were used. 
Such set of parameters was chosen for stiff and hard wo-
ven fabrics hand evaluation. In this case the arrangement 
of parameters had no influence on the precision of complex 
rate Q3 . 

Besides the first method (the calculation of polygon 
area in a circular chart) more simple method for fabric 
hand evaluation might be recommended. That is the sum G 
of recalculated values of parameters: 

npppG +++= ...21 . (4) 

RESULTS AND DISCUSION 
Investigations have revealed that when the number of 

parameters n > 3, the precision of complex hand rate Qn 
depended on their arrangement order in a circular chart. 
Complex hand rates were evaluated by two methods:  
I – using fixed order of parameters arrangement and  
II – according to the minimal value of Qn. Then evaluated 
fabrics comparing Qn/Q values were classified into three 
groups: fabrics of gentle, medium and poor hand. The 
standard fabrics E1 (gentle hand) and E2 (poor hand) were 
selected [20]. The average values of rates Qn/Q were calcu-
lated for each group of fabrics thus they were compared in 
between (Fig. 3). 

Minimal Q5/Q values (method II) in several fabric 
groups noticeably differed from those achieved in method I 
(Fig. 3, a). Using fixed order of five parameters arrange-
ment the values of Q5/Q were close to maximal ones. In 
the case of four parameters the dependence of parameters 
arrangement and the precision of the rate Q4/Q was tenu-
ous, for the rates determined in both methods were almost 
similar (Fig. 3, b). 

Evaluating fabrics only by three parameters, complex 
hand rate remained of the same value in all cases and it 
didn’t depend on the arrangement of parameters. 

According to the obtained results there were displayed 
general intervals of complex rates Qn/Q variation: Q5/Q – 
[0.037 – 0.336]; Q4/Q – [0.018 – 0.252], Q3/Q – [0.003 – 
0.150]. Appropriate intervals of Qn/Q change in separate 
fabric groups are presented in Figure 3. 
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Fig. 3. The comparison of complex hand rate Qn/Q using distinct 
order of parameters arrangement: a – Q5/Q; b – Q4/Q 
(Min – minimal values of Qn/Q, Fix – fixed order of pa-
rameters arrangement, Max – maximal values of Qn/Q, 
E1 – standard fabric of the best hand, E2 – standard fabric 
of the worst hand)  

In order to unify the test conditions it was recom-
mended to use the software for minimal complex hand rate 
Qn achievement. The aim of this investigation was to sim-
plify the determination of complex hand rate, thereby it 
was stated that there is no point to evaluate different fabric 
types together using 5 parameters – only 4 was enough. As 
the order of 3 parameters’ arrangement didn’t influence the 
precision of complex rate, it is recommended to use only 
three force parameters Pmax – tgα – A for unified complex 
hand rate evaluation and comparison of results.  

It was noted that the variation of complex hand rate 
depended on the separate fabric group (Table 2): the ratio 
of parameters in the fabric group with gentle hand (soft 
ones) was maximal, and in the fabric group with poor hand 
(stiff ones) – minimal. This could be explained according 
to the proportion of polygon area in a circular chart  
for fabrics with poor hand: in all cases of parameters  
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arrangements the large areas of polygons influenced their 
inconsiderable ratios.  

of parameters Δδ and Hmax. These parameters were not 
reliable to the behavior of very soft and flexible fabrics. 
According to this reason the areas of Q5 polygons in circu-
lar charts were disproportionaly large. 

Table 2. The comparison of complex hand rate 

Fabric group 
Qn ratio, 

% E2 Poor  
hand 

Medium  
hand 

Gentle 
hand E1 

Q5/Q4 1.03 31.5 38 48.1 57.1 
Q4/Q3 28 45.9 71.9 71.4 83.3 
Q5/Q3 28.7 62.9 82.6 85.2 92.9 

In order to ascertain the influence of deformational pa-
rameters to dispersion of Q5 data, the variation limits of 
initial hand parameters were defined. The obtained data is 
presented in Table 3. The results show that the most pre-
cise were initial force parameters Pmax , tgα and A. This 
could be proved by a significant ratio of maximal and 
minimal value of appropriate parameter. Whereas the 
change limits of fabric deformational parameters were very 
narrow: the ratio of Δδ values was 4.04 and the ratio of 
Hmax – only 1.3. 

 

Table 3. The variation limits of hand parameters 

Parameter value  
Parameter p 

pmin pmax

Ratio 
pmax /pmin

Pmax , N 1.36 87.3 64.2 
tgα 0.76 71.4 93.9 

A, N⋅cm 3.79 300.2 79.2 

Δδ, % 6.19 25.0 4.04 
Hmax, mm 52.0 67.8 1.30 

Q5/Q 0.037 0.581 15.7 
Q4/Q 0.018 0.575 31.9 
Q3/Q 0.003 0.414 138 

The change limits of complex hand rates Qn/Q were 
also set in this investigation. According to the data it was 
stated that the most precise results of fabric hand were ob-
tained by the rate Q3, and the less – by Q5 (the ratio of 
maximal and minimal Q5/Q values was 15.7, and the ratio 
of Q3/Q values – 138). 

In our earlier works underwear knitted fabric E1 was 
certified as a standard fabric characterized by a gentle 
hand, i. e. thin, soft, flexible and smooth [20]. Conse-
quently the values of its force parameters were the lowest 
(Table 4). A standard fabric with poor hand (E2), that was 
stiff and hard denim, was characterized by force parame-
ters of maximal values (Table 4).  

Obtained results revealed overall regularities between 
force and deformational parameters and rates Qn in cases 
of 5, 4 and 3 initial parameters. Data in Table 5 show that 
relations between Qn and initial force parameters Pmax , tgα 
and A were significant in all cases. As mentioned above, 

Note: initial hand parameters expressed in their actual  
values, and rates Qn – in recalculated values. 

The change of complex rate in fabric group with gentle 
hand was more significant because of insufficient precision  

Table 4. Standard fabrics characteristics and hand parameters 

Parameter 
Fabric Composition Thickness δ, 

mm Area density, g/m2

Pmax, N tgα A, N⋅cm Q3/Q 

Underwear knitted fabric E1 100% rayon 0.42 135 1.36 0.76 3.79 0.003 
Denim woven fabric E2 100% cotton 0.88 429 87.3 71.4 300.2 0.414 

Table 5. Dependencies between complex hand rate Qn/Q and initial parameters of H–P curve  

Parameter Qmin/Q Qfix/Q 

x y R2 Function R2 Function 

Pmax 0.9216 y = a + bx 0.8114 y = a + bx2

tgα 0.9629 y = a + bx 0.8552 y = a + bx2

A 0.9107 y = a + bx 0.7941 y = a + bx2

Δδ 0.0529 y = a + b(lnx)2 0.1440 y = a + b(lnx)2

Hmax

Q5/Q 

0.0126 y = a + blnx/x 0.0334 y = a + bexp(–x/c) 

Pmax 0.9591 y = a + bx2 0.9577 y = a + bx2

tgα 0.9688 y = a + bx2 0.9659 y = a + bx2

A 0.9489 y = a + bx2 0.9473 y = a + bx2

Δδ 

Q4/Q 

0.0642 y = a + b(lnx)2 0.0674 y = a + b(lnx)2

Pmax 0.9952 

tgα 0.9853 

A 

Q3/Q 

0.9892 

y = a + bx2
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the rate Q3 determined the most precise hand values – so 
that is the motivation for the selection of three initial pa-
rameters for unified hand evaluation. Low determinations 
between initial deformational parameters and rates Q5 and 
Q4 show the loss of precision. It should be noted that after 
the software application (accepting minimal Qn value) 
higher determinations were perceived only in the case of  
5 parameters set. So, it’s recommended to use software 
when the number of initial parameters is more than 4, in 
other case the arrangement of parameters has no influence 
to the final result.  

Drafting of a circular chart for complex hand rate re-
quires precision, though its not complicated. Another hand 
value G – the sum of initial parameters of extraction curve 
H–P according to Equation (4) is presented in this work. 
Comparative analysis between complex hand rates Q5/Q, 
Q4/Q, Q3/Q and parameters G5 , G4 , G3 showed nonlinear 
dependancies y = a + bx2 (when x = G, y = Qn/Q). Deter-
mination coefficients between Q5/Q and G5 were 0.9712; 
between Q4/Q and G4 – 0.9918; between Q3/Q and G3 – 
0.9999. According to this it can be stated that it is pur-
posive to use unsophisticated Equation (4) for complex 
hand rate determination when the number of parameters is 
more than 4.  

CONCLUSIONS 
KTU-Griff-Tester is a simple, reliable instrumental 

device suitable to obtain the quantitative information about 
fabric mechanical properties that characterize textile hand. 

In this investigation primary hand parameters that 
characterize fabric hand were determined: force parameters 
(Pmax , tgα and A) and deformational ones (Δδ and Hmax). 

It was stated that complex hand rate of soft and flexi-
ble fabrics should be evaluated by 5 initial mechanical  
parameters. The number of parameters of stiff fabrics (i. e. 
woven ones) is possible to decrease to 4 (excluding Hmax). 

In order to compare different fabric types three initial 
force parameters are enough. 

The most precise results of fabric behavior are deter-
mined by force parameters of extraction curve H–P: Pmax , 
tgα  and A, and by the complex rate Q3 . 

There were defined standard fabrics that determine 
variation limits of hand parameters. 
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