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Abstract  The effect of stitching patterns on the puncture resistance of mult iple layers of Twaron fabric was 
investigated. Fabric samples of two to four fabric layers were stitched with nylon threads using vertical, d iagonal, square 
and diamond patterns. A conical shape probe was used in the puncture resistance tests. The load and extension needed to 
puncture the fabric samples were recorded. From the results, the puncture loads and extensions increased as the fabric layers 
increased. It was found that the 4-layer diamond stitched pattern fabric gave slightly higher puncture load and extension in 
comparisons with other types of stitching patterns. Nevertheless, it can be said that there were no significant difference in 
the puncture load and extension among the different types of stitching patterns.  
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1. Introduction 
Several researchers have shown that the puncture 

resistance of high strength fabrics can be enhanced by 
integrating composite materials, coatings, laminations, and 
also multi-layer stitching. Previously, Ong et al.[1] found 
that composite armour is experimentally more effective in 
resisting penetration than a steel plate of equivalent areal 
density. The combination of steel plate with Dyneema fibers 
and porous foam reduced the total deformation and time 
taken to stop the projectile. Ahmad et al.[2] worked on the 
puncture resistance of single layer neat Twaron fabrics, 
natural rubber latex (NRL) coated with  Twaron fabrics, and 
ballistic nylon fabrics. The study found that single layer NRL 
coated fabrics have higher puncture resistance than neat 
Twaron and Nylon fabrics. Recently, Hassim et al.[3] 
investigated the puncture resistance of natural rubber latex 
unidirectional (NRL-UD) coated fabrics. They indicated 
that the NRL-UD-coated fabrics gave higher puncture 
resistance than uncoated UD fabrics. The increments in the 
penetration force among the fabrics were p roportional with 
the increase in fabric thickness and areal density as the 
number of coating increased. Fabric structure also 
influences the puncture resistance due to different interlacing 
points. A study on the puncture resistance of fibrous 
structures was done by Termonia[4] and reported that in 
multi-ply systems, the maximum force occurred during 
friction from the needle against the conical section. 
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Sun et al.[5] worked on the puncture behaviours of woven 
fabrics from finite element analysis and experimental tests. It 
was reported that the yarn strength and yarn pull-out 
behaviours are the key factors that influenced fabric  puncture 
resistance. Bilisik and Korkmaz[6] studied the yarn pull-out 
of multi-layered and mult i-directional stitched aramid woven 
fabric structures. Nylon 6.6 and Kevlar 129 yarn were used 
for stitching. They discovered that the fabric layers and yarns 
could not move with high stitch density. The multi-axial 
stitching distributed the energy around local reg ion and was 
absorbed throughout the fabric layer.   

Puncture resistance test is also related with ballistic impact 
test as both require penetration, but the difference is in terms 
of testing speed. Karahan et al.[7] investigated on the 
ballistic impact perfo rmance and energy absorption abilities 
of woven aramid fabrics through number of fabric plies, 
types of stitching and sample conditions. The most 
significant parameter affecting blunt trauma (the depth of the 
crater on modelling clay  as a result from non-penetration 
shots) was found to be the number of fabric plies, followed 
by the stitching type and the sample conditions (wet or dry). 
They agreed that the trauma depth decreased when the 
energy absorbed by the fabric layers increased. However, 
higher stitch density decreased the blunt trauma depth. In 
addition, the conditions of the samples have limited effect on 
the energy transmitted to back of the panel with 5% increase 
in wet panels compared to  dry panels. Sinnapoo et al.[8] 
found that the presence of the wool blends with synthetic 
filaments could enhance fabric friction in wet condition. In 
an earlier study, Hosur et al.[9] investigated 
through-the-thickness stitching technique for woven 
carbon/epoxy laminates with plain and satin weaves fabrics 
using orthogonal stitching pattern. The damages on a 
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stitched sample were larger than between the stitches due to 
the inability of the sample to stretch with higher stitch 
density to that particular area. Nevertheless, there were no 
large dissimilarit ies of the impacted sample on the stitch or 
between the stitches in the zone samples. Yudhanto et al.[10] 
studied the effects of stitching orientation on the tensile and 
open hole tension properties of carbon/epoxy plain weave 
laminates and found that plain weave with longitudinal stitch 
has 24% greater strength than plain weave with diagonal 
stitch. The lower strength of plain weave with diagonal stitch 
is due to the high number of resin across the width area. In 
another study, Deng et al.[11] revealed that the number of 
layers significantly affects the ballistic limit velocities of 
multi-layered  targets. The ballistic limit velocities of targets 
increases with the increase of the number of layers, although 
the spaced and in-contact mult i-layered plates have lower 
ballistic resistance than solid plates. Dey et al.[12] also 
indicated that the minimum ballistic limit seems to increase 
significantly by increasing the layering target. This was also 
agreed by Nia and Hoseini[13] where the ballistic resistance 
of in-contact three layered  targets is higher than spaced 
layers due to the interaction between adjacent layers of 
in-contact targets.  

This study investigates the effect of different stitching 
patterns on the puncture resistance of Twaron fabric. 
Several layers of fabric, from two to four layers were 
stitched together. The maximum puncture loads and 
extensions of the fabrics were assessed.  

2. Methodology 
2.1. Materials 

Plain weave Twaron CT 716 was used as the fabric 
material. The areal density of the fabric is 280 g/m2 with yarn 
count of 1000 dTex. The square fabric has a fabric density of 
12 ends/cm and 12 picks/cm. A nylon thread with linear 
density of 573 dTex was used as the stitching thread. Two to 
four fabric layers were used as the testing parameters.  

2.2. Experiments 

Four stitching patterns were used in the study: vertical, 
diagonal, square and diamond patterns (Fig. 1). All the 
samples were stitched by using 4 stitches per cm. 

A conical shape probe was used as the puncture element in 
the test (Fig 2.). A circular jig was used to clamp the fabric 
samples (Fig.3) and p laced on the SDL Testometric Testing 
mach ine. The puncture probe was attached with a load cell at 
the upper clamp of the test machine. The probe was made to 
move down at a  speed of 100 mm/min  until sample 
penetration and rupture occurred. The average maximum 
load and extension achieved in  the test was calculated and 
reported. 

Stitching Patterns 

  

(a) Vertical (b) Diagonal 

 

 

 
 

(c) Square (d) Diamond 

Figure 1.  Types of Stitching Patterns 

 
Figure 2.  Conical puncture probe 

 
Figure 3.  Circular jig equipment 

3. Results and Discussion 
3.1. Puncture Load 

The results of puncture load among the stitching patterns 
are shown in Figure 4. It  can be seen that for every stitching 
pattern, the puncture load increases as the number of layer 
increases. For the 2-layer samples, the vert ical stitched 
pattern gave the highest puncture load. However, for the 
3-layer and 4-layer samples, the diamond stitched pattern 
gave higher puncture load value than the other stitching 
patterns.  
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Figure 4.  Comparison of puncture load (N) 

The Duncan tests for the puncture loads are shown in 
Table 1 - 3 high lighting the significant d ifferences among the 
stitching patterns. For the 2-layer, there are 2 groups of 
subset. Even though the vertical stitched pattern has the 
highest puncture load, but the difference is not significant 
with the square and diamond stitched patterns. For the 
3-layer and 4-layer samples, there are only 1 group of subset. 
Although the diamond stitched pattern has the highest 
puncture load, the differences with other stitching patterns 
are not significant at 95% confidence interval. Th is may be 
because the penetration of the probe’s tip is only on the 
stitching point and not to the whole structure of the stitching 
patterns. Furthermore, the type of sewing  thread is from the 
same material, which is nylon thread. Hence, the properties 
of the thread are similar and as a result, the yarn and the 
stitching pattern did not contribute much on the puncture 
resistance.  

Table 1.  Duncan Test of Puncture Load for 2-Layer 

Stitch Pattern N Subset for alpha = 0.05 
1 2 

Diagonal 
Diamond 
Square 
Vertical 

Sig.  

5 
5 
5 
5 

1387.88 
1521.02 
1553.18 

 
0.12 

 
1521.02 
1553.18 
1713.24 
0.074 

Table 2.  Duncan Test of Puncture Load for 3-Layer 

Stitch Pattern N Subset for alpha = 0.05 
1 

Square 
Diagonal 
Vertical 

Diamond 
Sig.  

5 
5 
5 
5 
 

2518.8 
2541.6 
2631.1 
2637.0 
0.216 

Table 3.  Duncan Test of Puncture Load for 4-Layer 

Stitch Pattern N Subset for alpha = 0.05 

1 
Vertical 
Square 

Diagonal 
Diamond 

Sig.  

5 
5 
5 
5 

3403.6 
3475.8 
3580.6 
3637.4 
0.159 

The 4-layer diamond stitched pattern fabric gave the 
highest penetration resistance most likely because of the 
orientation of the stitched yarns. The samples tend to bend 
and stretch further when the fabrics were stitched using this 
type of pattern. The build-up of the strain energy and the 
kinetic energy by different fabric layers act as important 
mechanis ms for absorption of the kinetic energy. The 
existence of stitching provides restriction to the movement of 
the fabric samples. Besides, the greater amount of stitching 
from the diamond stitched pattern also contributed to the 
higher puncture load. Therefore, higher forces are required to 
penetrate the stitched samples. This result is in  accordance 
with the study by Ahmad et al.[14] which showed that the 
highest ballistic limit result was from the 2-inches field 
diamond stitched fabric. This result showed that stitching 
patterns may increase the impact energy absorbed by the soft 
composite fabric system. 

3.2. Extensions 

The comparison of extension among the stitching patterns 
is shown in Figure 5. For every stitching pattern, the 
extension increases as the number of layer increases. For the 
2-layer samples, the diamond stitched pattern gave the 
highest extension. However, for the 3-layer stitched pattern, 
the vertical stitched pattern gave higher extension and for 
4-layer samples, diamond stitched pattern gave the highest 
extension than the other stitching patterns. 

 
Figure 5.  Comparison of extensions (mm) 

Table 4.  Duncan test extension for 2-layer 

Stitch Pattern N Subset for alpha = 0.05 
1 2 

Diagonal 
Vertical 
Square 

Diamond 
Sig.  

5 
5 
5 
5 

21.4 
23.6 

 
 

0.098 

 
23.6 
24.2 
25.0 
0.305 

Table 5.  Duncan test extension for 3-layer 

Stitch Pattern N Subset for alpha = 0.05 
1 2 

Diamond 
Diagonal 
Square 
Vertical 

Sig.  

5 
5 
5 
5 

30.0 
32.0 
32.3 

 
0.104 

 
32.0 
32.3 
34.4 

0.091 
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Table 6.  Duncan test extension for 4-layer 

Stitch Pattern N Subset for alpha = 0.05 
1 

Square 
Vertical 
Diagonal 
Diamond 

Sig.  

5 
5 
5 
5 

35.8 
36.0 
36.1 
36.2 
0.781 

The Duncan tests of extension are shown in Table 4 - 6. 
For 2-layer, there are 2 groups of subset. Even though 
diamond stitched pattern has the highest extension, but the 
value difference is not significant with square and vertical 
stitched patterns. For 3-layer, there are 2 groups of subset. 
Vertical stitched pattern has the highest extension but it is not 
significantly d ifferent with square and diagonal stitched 
pattern. For 4-layer, there is 1 group of subset. Diamond 
stitched pattern has the highest extension but the difference 
is not significant with other stitching patterns.  

According to the statistical data for extension, the values 
of all extensions are not significantly d ifferent with other 
stitching patterns. This is because the highest values 
obtained are slightly closer with other types of stitching 
patterns. The extension value determines the depth of the 
probe that can penetrate into the samples. By referring to the 
result, 4-layer diamond stitched pattern also showed the 
highest extension. The results of extension also showed an 
increment as the fabric layers increased. The increment of 
extension indicates the penetration resistance of the fabric. 
Hence, as the fabric become th icker, it can  support and 
withstand the high load for penetration.  

3.3. Mechanism of Penetration 

The shape of the puncture probe also contributed to the 
mechanis m of penetration. Nilakantan[15] et al. indicated 
that projectile size and shape have an important effect on the 
probabilistic response of fabrics. Pointed project iles such as 
the conical pro jectiles respond in a sequence yarn failu re 
pattern, while flatter and blunter projectiles such as the 
cylindrical pro jectiles result in a simultaneous manner of 
interaction and a catastrophic yarn failure pattern. The 
sequential yarn failures lead to more sensitivity to the 
strengths of individual yarns and a higher variability in 
response. A pointed projectile was able to push aside the 
primary yarns more easily at the impact site. This produces 
less primary yarn failure. Since the conical probe has a sharp 
tip, the probe has a tendency to initially stretch the fibers and 
the stitch yarns, followed by breaking o r cutting the fibers 
and the stitch yarns, and completely penetrate into the fabric. 

Figure 6 show the top and bottom view of the penetration 
phase of the conical probe into the fabric samples. Figure 6 (a) 
and (b) show the initial stage where the sharp tip of puncture 
probe touched the fabric. In Figure 6 (c) and (d), the probe 
started to penetrate the fabric. At this point, the bending and 
stretching movement o f yarns and fabrics occurred. The 
probe entered completely into the fabric in Figure 6 (e) and 
(f). Once the maximum puncture load obtained, the yarn and 

fiber breakages happened as well. The puncture load reading 
is dropped and the movement of puncture stopped at the final 
stage. Figure 6 (g) and (h) is the d iagram of top and bottom 
view of the fabric samples after complete penetration. 

 
(a) Top view of initial stage 

 
(b) Bottom view of initial stage 

 
(c) Top view of penetration 

 
(d) Bottom view of penetration 

 
(e) Top view of final stage 

 
(f) Bottom view of final stage 

 
(g) Top view of post-penetration 

 

 
(h) Bottom view of 
post-penetration 

Figure 6.  Top and bottom view of the samples during several stages of 
penetration 

4. Conclusions  
The effect of stitching patterns and additional fabric layers 

of Twaron fabric were studied. The puncture resistance test 
was conducted in order to understand the penetration 
behaviour. A conical shape of puncture probe was used in 
this study. The Twaron fabrics were stitched with four 
different kinds of stitching patterns which were vert ical, 
diagonal, square and diamond pattern. From the study, the 
puncture loads and extensions increased as the fabric layers 
increased. The 4-layer d iamond stitched pattern fabric 
showed the highest puncture load and also the highest 
extension. However, all the values of stitching patterns did 
not give any significant difference from one another. 
Additional fabric layers contributed to the increment of 
puncture resistance. It can also withstand the high load of 
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penetration. Diamond stitched pattern contributed a better 
movement fabric control and has higher puncture resistance 
properties than other stitching patterns. 
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