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Abstract
The subject of this paper is an attempt to define the fundamental constants of materials for 
special-purpose material - aramid dry faricTwaronT750. During  research on this problem, 
tensile tests of dry fabric TwaronT750 were made on an Istron 8802 strength testing ma-
chine. The test was filmed with a Phantom V12 high-speed camera. A numerical model of 
the fabric architecture was made using commercial HyperMesh and LS-DYNA software. In 
the numerical model a whole research area was represented. 
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were used to establish a numerical model 
as precise as possible by means of com-
mercial software - LS-DYNA.

The rapid development of computational 
techniques has allowed a more detailed 
description of the structures of dry fab-
rics. Yet, in the not so distant past, dry 
fabric in the bullet impact test was mod-
elled in the form of an averaged material 
continuum which was built using mem-
brane or shell elements. With the arrival 
of more and more powerful computa-
tional units on the market, there have ap-
peared options for modelling of architec-
ture fabric weave and bundle thickness. 
This kind of modeling allows to grasp 
the phenomena of contact between bun-
dles in roving, enabling to represent the 
phenomena of movement between bun-
dles. In the literature there are three ways 
of modeling roving bundles in the fabric 
architecture. The first way is to model the 
bundles in the form of flat elements (with 
specified thickness, so called. 2D) [6]. 
The second approach is to model the bun-
dles using three-dimensional elements  
[7 - 10]. The third way is to model by 
hybrid modeling using the two meth-
ods above, as presented by Nilakantan  
[8 - 10]. The most cost-effective compu-
tational method is, of course, the use of 
2D components. This type of analysis is 
used in cases where the fabric is loaded 
in the plane. Despite the large approxi-
mations, this kind of modeling is fully 
effective and efficient. In this paper, the 
problem of modeling special fabrics 
will be considered using 2D elements. 
3D modeling of roving bundles should 
be used to model a fabric loaded per-
pendicular to the plane, making models 
very expensive computationally. So far, 
in the modeling of bundles, authors such 
as Nilakantan or Barauskas have used 

For a long time, because of their high 
cost, these materials could be found only 
in industries of high technology, such 
as space flight and military applications 
(especially in aviation). Technological 
progress that has been made in the past 
few decades has reduced the unit costs of 
these materials, which has resulted in the 
greater availability of them.

Fibrous materials in the form of fabrics 
have been known by mankind for thou-
sands of years. However, fibrous struc-
tural materials appeared in use at the be-
ginning of the previous century. The rap-
id development of these materials began 
during the Second World War and after 
it. It is connected with the dynamic de-
velopment of the aviation industry. Most 
fibrous structural materials in the indus-
try are combined with different types of 
resins. However, some applications are 
independent (for example in terms of 
protection against bullets or fragments). 
Because of their anisotropy and non-
linear behaviour, fabrics are interesting 
material, which is illustrated in papers by 
[1 - 3]. The impact of the architecture of 
fabric on the kinetic energy dissipation 
is not trifling, as is ilustrated in the work 
[4]. To understand how fabric works as 
a geometrical construction, the microme-
chanics of the fibrous material cannot be 
omitted [5].

In this paper the problem of the nu-
merical modeling of aramid dry fabric 
Twaron T750 has been raised. This fabric 
is a special-purpose material used in the 
manufacture of bulletproof vests. Twaron 
T750 fabric is characterised by a high 
dense weave. In order to achieve a relia-
ble model of the real fabric, a simple ten-
sile test of six samples made of Twaron 
T750 fabric was done. These studies 
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n Introduction
Technological progress in the field of 
manufacturing of new materials, and es-
pecially the increasing demand for them, 
cause that in recent times the increasing 
use of materials with a collective name 
of material for special purposes has been 
observed. These materials are character-
ised by heightened physical properties. 
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two 3D elements for the thickness of the 
bundle, which in the modelling of other 
phenomena is rather not acceptable.

In the literature available there is a lack 
of examples for the validation of numeri-
cal models with experimentation in case 
studies for dry fabrics. This article will 
be presented a validation of the numeri-
cal model for Twaron T750 fabric with 
experimental results.

n Experimental tests
Coupon preparation process for 
aramid fabric
The basic test, as far as possible, thor-
oughly examining the properties of dry 
fabric, is the plane tensile test. The main 
phenomenon that the authors wanted to 
capture was, primarily, a way to straight-
en roving bundles and the impact of this 
phenomenon on the force curve charac-
teristics, as a function of the displace-
ment. Another important parameter ob-
tained from the validation studies was the 
maximum force at the time of destruction 
(break) of the sample and the displace-
ment at which the sample broke.

Figure 1 shows a sample that was pro-
posed for a simple tensile test. The meas-
urement part of the sample (dry fabric) in 
Figure 1, marked with the letter “A”, has 
dimensions 150 mm × 25 mm, giving a 
ratio of 6:1, which allows to assume that 
the principle of de Saint-Venant was met 
in the test. The area shown in Figure 1 
marked with the letter “B” is that where 
roving bundles were removed in the di-
rection of the sample. Bundles across 
the sample were left in order to prevent 
drawing them into the test area during the 
straightening of bundles along the sam-
ple. The overall dimensions of the sam-
ples were 250 × 40 mm.

In order to evaluate the results, 6 samples 
of Twaron T750 fabric were tested. Sam-
ples were made at the Laboratory Lami-
nation Department of Mechanics and Ap-
plied Computer Science MUT. Figure 2 
shows samples ready for testing. Besides 
the dimensions of samples, the number 
of bundles in the direction of the sample 
were marked: 17 ± 1 and 100 ± 5. These 
values are very important in the numeri-
cal modeling problem described.

Test results
Simple tensile tests were done at the 
KMiIS MUT laboratory on an Istron 
8802 machine - Figure 3. The tests were 
filmed with a Phantom V12 high-speed 
camera at a frequency of 10000 – in 
frames/s. The Piston machine speed was 
set to 50 in mm/s.

Figure 4, shows pictures from the high-
speed camera in four moments of time: 
the start of the test, at the time of break-
ing of the first fibres (for time 183.4 ms), 
the exact time at which the sample broke 

(for time 193.4 ms) and totally broke (for 
time 318.6 ms). 

Figure 4 illustrates the method of record-
ing deformation together with that in the 
final stage of destruction of the sample 
made from aramid fibres.

In the first stage (Figure 4.a) of the test, 
pre-tension of the fibre was perfomed, 
resulting in the deletion of all kinds of 
clearances between fibres. The scope of 
work, due to the nature of the material 
endurance, can be described as resilient. 
Figure 4.b shows the phase in which 
the fibres pass on the maximum value of 
force of 7.85 kN (maximum force values 
are given in Figure 5). The machine jaws 
shifted by 8 mm. Figure 4c illustrates one 
of the last stages of the destruction of fi-
bres. This is a phase in which the tensile 
strength of the beam decreases. The way 
of destroying the fibres makes individual 
fibres break and the force decreases ap-
preciably. Figure 4.d shows the last fibres 
that have not been destroyed. The jaws of 
the machine moved 8.1 mm and the force 
dropped dramatically (Figure 7).

In order to facilitate interpretation of 
the results of the samples, markers were 
glued onto black-and-white chessboards. 
Thanks to these markers Tema 3.3 soft-
ware, it was possible to accurately in-
vestigate the deformation of the sample 

Figure 1. Schema of sample, A - research 
area, B - area where the roving bundles in 
the direction of the samples were removed.

Figure 2. Samples of fabric made from 
Twaron T750.

Figure 3. Sample clamped in the Istron 
8802 testing machine, filmed by a Phantom 
V12 high-speed camera.

Figure 4. Pictures of sample X: a) unde-
formed sample, b) first bundles broken,  
c) exact time at which sample was broken, 
d) completely destroyed sample.

a) b) c) d)
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the linear elastic scope of the bundles, ly-
ing close to each other and working uni-
formly. The destruction of the samples 
was recorded for a force in the range of 
6.8 to 7.85 kN.

n Numerical fabric modeling
In this chapter we will present an ap-
proach to model aramid special purpose 
fabric Twaron T750. The basic mechani-
cal parameters for each bundle and fabric 
material were taken from the manufac-
turer’s card. This information was used 
to fill the material card for the constitu-
tive model of material describing the in-
dividual bundle.

where,  - initial distance between  
the markers, X12 - the distance between 
the markers at time t.

In Figures 5 to 8 three main areas are 
clearly visible: In the first the force curves 
were almost horizontal, corresponding to 
the initial straightening of the fabric and 
a reduction in the clearances between in-
dividual fibres. In this area, aramid fibres 
and whole bundles were straightened 
under the influence of the displacement. 
The second area of the transition curve 
force corresponds to the moment where 
the roving bundles partially straightened 
and, in turn, began to carry the load.  
The force curve passes smoothly within 

by excluding the strain parts, which lay 
at the machine clamps. For the Tema 3.3 
program the following values   were de-
fined:
n the location of the first marker along 

the sample;
n the location of the second marker 

along the sample;
n the distance between the markers was 

equal to 85 mm.

Elongation between the markers and 
their positions in the Tema 3.3 program 
had a resolution equal to 0.1 pixel. 

X12 = X2 - X1                  (1)

e1 =                 (2)

Figure 5. Force curve characteristics as a function of the strain 
obtained from high speed recording – samples 1 - 3.

Figure 6. Force curve characteristics as a function of the strain 
obtained from high speed recording – samples 4 - 6.

Figure 7. Force curve characteristics as a function of displacement 
obtained from the Istron 8802 tensile machine – samples 1 - 3.

Figure 8. Force curve characteristics as a function of displacement 
obtained from the Istron 8802 tensile machine – samples 4 - 6.

Table 1. Manufacturer’s material card [16].

Style
Linear 

density, 
dtexnom

Twaron-
type Weave

Set, 
per 10 cm

Set,
per inch Area density, Thickness,

mm

Minimum breaking 
strength,

N/5 cm × 1.000

Minimum breaking 
strength,

lb/in × 1.000
warp/weft warp/weft warp weft warp weft g/m2 oz/yd2 warp weft warp weft

CT T750 3360f2000 2000 Plain 69 69 18 18 460 13.57 0.70 16.5 18.00 1.884 2.056
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Numerical model description
The aforementioned experimental stud-
ies were used to validate the numerical 
model of the fabric in the aspect of its 
material and geometry. The research area 
of the sample was modelled accurately 
in terms of the shape and dimensions of 
each weave.
The choice of weave shape was modelled 
based on information from the manufac-
turer’s material card as well as from the 
samples prepared.

The numerical experiments performed 
were used to study the phenomena oc-
curring in the tensile fabric in the plane. 
It was therefore decided to model rov-
ing bundles using membrane elements. 
Each bundle is an individual object con-
nected with other bundles only by contact 

definition. The contact definition used 
was CONTACT_AUTOMATIC_SUR-
FACE_TO_SURFACE. In the contact 
card’s variable thickness, the cross-
section of the bundle was defined. This 
approach allowed the control of penetra-
tion at a constant elasticity of the roving 
bundles. The model was made based on 
2D fully integrated membrane elements 
of constant thickness. Bundles in the 
direction of the samples were made of 
membrane elements, and those across the 
samples were with shell elements. The 
material model implemented to describe 
the bundles was MAT_PLASTIC_KINE-
MATIC. The material constants that were 
used in the card of the material were a 
Young’s modululs equal to 57 GPa and a 
Poisson ratio of 0.001. Through the use 
of a very small Poisson number, stresses 

could separate in directions perpendicu-
lar to the bundle direction.

Figure 9 shows the whole research area 
of the sample modeled. The edge in the 
upper right corner of Figure 9 (see also 
Figure 11) had taken all the degrees of 
freedom. The opposite end of the sam-
ple in Figure 9 (see also Figure 10) was 
loaded by displacement with a speed 
equal to 10 m/s.

In Figure 11, on the upper edge of the 
sample, a fully rigid body was modelled 
in order to fix the end of the sample. 
Such an approach to the modelling of the 
ends of the sample is consistent with the 
clamping of a sample of infinite rigid, in 
relation to the sample clamp of the test-
ing machine

Figure 9. Isometric view of the sample. Figure 10. View shows the architecture of the fabric.

Figure 11. Figure showing the edge of the sample modelled as a 
non-deformable body.

Figure 12. Figure showing the view in the plane of the fabric.

Figure 13. The figure shows a comparison of the total force as a 
function of the displacement between the experiment and numerical 
studies.

Figure 14. Summary of the kinetic energy, internal energy, sliding 
energy and total energy of the sample.
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In Figure 16 we can see the interesting 
effect of the dispersal of the free ends of 
bundles arranged across the sample. This 
effect is caused by the tensioning and 
straightening of roving bundles in the di-
rection of the sample. The behaviour of 
the free ends of the bundles coincide ex-
actly with their behaviour in reality.

n Conclusions
This article is an example of the effec-
tive combination of experimental and 
numerical investigations. Through a 
combination of these two approaches to 
the problem, we have created a faithful 
description of a complex phenomenon. 
It is important that there is an interaction 
effect between the roving bundles in the 
architecture of woven fabric on the be-
haviour of fabric in a global aspect. It 
has been proven that in the modelling of 
roving bundles in fabric using 2D ele-
ments shown here, the fabric is loaded in 
its plane correctly. In the article there is 
also presented an efficient way to study 
borderline quasi-static and dynamic phe-
nomena. The next stage of research on 
special fabrics will attempt to develop a 
method of modeling fabric loaded per-
pendicular to its surface and compare the 
results with the experiment.
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Figure 16. An interesting effect of disperse 
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