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1. Introduction 

Armor systems based on ultra-high molecular weight polyethylene (UHMWPE) 
fiber composites have been used effectively to provide vehicle protection, as well 
as dismounted Soldier protection in torso and head protection systems. Recent 
studies on impact response suggest that UHMWPE films made by solid-state 
extrusion (SSE) may be an emerging material for use in protection systems. When 
compared to fiber-based UHMWPE systems, SSE film composites cost less to 
manufacture and may provide equal or improved protection levels (Singletary and 
Lauke 2016). 

Creation of computational modelling methodology that can predict the ballistic 
performance of composites based on UHMWPE films requires accurate material 
properties of the constituent materials. The material properties used must be 
representative of simulation loading conditions; for SSE UHMWPE films, they also 
needed to be characterized under tension at high-loading rates, which are 
representative of loading rates during impact and blast events. 

UHMWPE fiber-based protection systems are extensively used throughout the 
protection community. Common examples include those produced by DSM as the 
Dyneema HB material series (HB25, HB26, HB80, etc.) and Honeywell (formerly 
Allied Signal) as the Spectra Shield series. These systems are based on single fibers 
manufactured through a gel spinning process in which the UHMWPE powder is 
dissolved in a solvent. The resulting high-strength fiber is combined with a soft 
matrix material to produce a unidirectional (UD) ply, in which the fibers are aligned 
in the longitudinal direction. These materials are commercially sold by the roll. The 
sheet coming off the roll is referred to as the precursor sheet, consisting of two or 
four UD layers in an alternating 0°/90° configuration. Many studies have been 
performed to obtain the tensile behavior of UHMWPE single-fiber and fiber-based 
composites. Sanborn et al. (2015) quantified the loading rate dependence of tensile 
properties of UHMWPE single fiber (Dyneema SK76) using a direct gripping 
method. They found that the tensile strength of UHMWPE single fiber was loading 
rate dependent. Wang et al. (2020) studied the loading rate effect on UHMWPE 
single yarns, up to a strain rate of 400/s, and found the tensile strength and Young’s 
modulus increased with increasing strain rate from 3.3 × 10–5/s to 0.33/s but were 
not dependent on strain rate between 0.33/s and 400/s. Hudspeth et al. (2012) 
quantified the effect of pre-twist on the tensile strength of UHMWPE single fiber. 
They found that tensile strength remained unchanged up to a shear strain of 14%, 
and decreased linearly with increased shear strain, for quasi-static (0.01/s) and high 
(600/s) tensile strain rates. Russell et al. (2013) quantified the tensile response of 
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UHMWPE single fiber, and fiber-based yarns and laminates over a range of strain 
rates of up to 103/s.  

However, UHMWPE fiber systems are costly due to the use and reclamation of 
solvent during the manufacturing process (Weedon 2001). UHMWPE films (also 
referred to as tapes) are less expensive to manufacture when compared with fiber-
based systems because they allow for elimination of the solvent from the 
manufacturing process (van der Werff and Heisserer 2016). Instead of dissolution 
in a solvent, the UHMWPE powder is dry extruded, and then drawn into a high-
strength film, in the SSE process (Jordan et al. 2002). Not using solvent can provide 
substantial cost savings. As an example, Reddy et al. (2020) produced panels with 
different ratios of SSE-film-based precursors and fiber-based precursors. At equal 
areal density, the panel they produced from 100% fiber-based material was 70% 
more costly to manufacture than the panel produced from 100% film-based 
material.  

Although less expensive, the relative ballistic performance of UHMWPE film-
based armor compared to fiber-based armor is not well understood at this time. The 
few comparative studies in literature indicate that the film-based material decreases 
V50 (Frietas et al. 2014) and energy absorbed during impact (Reddy et al. 2020), 
which corresponds to poorer performance. However, film-based armor was 
consistently found to have lower backface deformation (BFD) than fiber-based 
armor in both previously referenced studies as well as in a recent study by Cline 
and Love (2020). Lower values of BFD are desirable to decrease the risk of behind 
armor blunt trauma. 

Therefore, additional studies on the mechanical response of these advanced 
materials are required to take advantage of both cost savings and any potential 
ballistic improvements. The mechanical properties of films consolidated via hot 
compaction have been characterized for strength, stiffness, and hardness (Hine et 
al. 2001, Orench et al. 2006, Hine et al. 2011). Others have investigated the 
mechanical properties of laminates made by consolidating SSE films in a [0/90] 
layup configuration. O’Masta et al. (2016) compared laminate panels produced 
from fiber-based sheets and film-based material and found that the film-based plies 
had lower tensile strength.    

Understanding the mechanical behavior at the mesolength scale of the single 
film/ply at relevant high-strain rate impact events will allow for incorporation of 
material properties into computational models that are constructed around the 
single-film component. Such mesoscale computational frameworks can assist with 
understanding the ballistic performance by elucidating the underlying deformation 
and failure mechanisms, as demonstrated for the case of fiber-based composites by 
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Liu et al. (2019). While there is an appreciable body of work on fiber-based 
UHMWPE material, there is much less literature on the mechanical characterization 
of UHMWPE SSE films at the mesoscale of the single ply. Alil et al. (2017) and 
Hine et al. (2001) quantified the tensile properties for single UD SSE films as part 
of larger experimental studies. The authors are aware of only one study that exists 
in literature to study the effect of strain rate on the single UD film. Zhou et al. 
(2021) studied the tensile properties of Dyneema UHMWPE SSE film as a function 
of strain rate using a pressurized ring specimen to generate circumferential tension. 
They reported strain rate dependency for both stiffness and strength, with both 
increasing as strain rate increased. 

In this study, the tensile behavior of DuPont’s Tensylon UHMWPE SSE UD film 
was studied as a function of loading rate. Novel direct grips were developed to 
assist in loading the film at high-strain rate using a tensile Hopkinson bar, while 
using capstan grips for textiles to load the film at quasi-static and intermediate-
strain rates. High-speed imaging was used to observe the speckled film during high-
rate loading. Digital image correlation (DIC) was used to obtain specimen surface 
strain, including at high-strain rate. This measured direct strain was used with 
loading history to obtain the material Young’s modulus and strength, as a function 
of strain rate. The results of this study will allow for accurate constitutive models 
that incorporate strain rate sensitivity to be used in computational simulations of 
threat–target interactions based on this material. Here, the experimental techniques 
and results are discussed. 

2. Methods 

2.1 Materials 

The UHMWPE SSE UD film used in this study was trade named Tensylon, which 
is manufactured by DuPont. This film is used in production of their Tensylon 
HBSD 30A product with two UD layers (0/90).  

The SSE process causes a preferential alignment along the roll axis; this structure 
can be observed visually in Fig. 1. The UD film is highly anisotropic, with almost 
zero transverse strength; the film can be split along the roll direction easily by hand. 
The UD film roll was approximately 60 µm thick, and 228.6 mm wide. From this 
roll, individual tensile specimens were cut using a Gerber table cutter. Here, 
specimen length indicates the longitudinal length of the specimen along the roll 
axis (Fig. 1, x-axis), while specimen width refers to the transverse dimension  
(Fig. 1, y-axis).  
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Fig. 1 Tensylon film illustrating anisotropic structure along longitudinal direction  
(roll axis) 

2.2 Quasi-static and Intermediate-Strain Rate Experiments 

For the quasi-static and intermediate-strain rate experiments, a servo–hydraulic 
Instron test frame was used with capstan grips for textiles to load the specimens. 
The specimens were cut to 1.83 m (72.0 inch) long and 25.4 mm (1.0 inch) wide. 
The specimens were wrapped around the capstan grips with four loops on the 
moving grip and three loops on the stationary grip. This loading setup resulted in a 
specimen gage length of approximately 5 inches not in contact with the grip. During 
loading, the specimen did deform slightly in the grip. Due to this slip that occurred, 
specimen strain was obtained using DIC. An average strain using the Lagrange 
strain tensor was extracted over the entire specimen gage length. The experimental 
setup for the quasi-static and intermediate-strain rate experiments is shown in 
Fig. 2, with specimen, DIC speckle, and grips. For these experiments, the 
specimens were first coated with white paint and black speckles added. At both 
quasi-static and intermediate-strain rates, a framing camera captured the specimen 
during loading. For the quasi-static rate experiments, a FLIR 12.3-megapixel 
camera at 2 fps was used, and at intermediate rate, a Photron SA-5 1.0-megapixel 
camera at 500 fps was used. 
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For quasi-static strain rate, the target strain rate was 0.001/s. However, due to the 
slip that occurred, several different crosshead velocities were used to obtain the 
target strain rate, from 0.15 to 1.5 mm/s. For the intermediate-strain rate, a range of 
crosshead velocities from 320 to 480 mm/s were used, corresponding to strain rates 
of 0.375 to 0.5/s. 

 

Fig. 2 Loading setup for quasi-static and intermediate-strain rate experiments (scale at 
right is in inches) 

2.3 High-Rate Experiments 

High-strain-rate tensile experiments were performed on the UHMWPE film using 
a tensile split Hopkinson pressure bar (SHPB) setup. Details of the setup follow. 
The operation and theory of the tensile SHPB are omitted for brevity; however, 
extensive literature covering this topic does exist (Chen and Song 2010). The SHPB 
setup consisted of a 457 mm long tubular striker impacting a flanged 2.75 m 
Maraging 300 steel incident bar and a 1.83 m transmission bar of the same material. 
The incident and transmission bar have threaded ends at the specimen interface and 
film grips were threaded into the bar ends. Both bars used strain gages to measure 
the stress waves in the bars during loading. The transmission bar used both resistive 
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and semiconductor strain gages to measure the transmitted stress signal. With the 
low force required for specimen failure, only the semiconductor strain gages 
provided a measure of the transmitted bar stress pulse. Semiconductor gages are 
known to be highly sensitive to environmental conditions; here, they were 
calibrated with the stable resistive gages using a threaded Maraging 300 steel 
adapter that connected the two bars together to form a single bar. 

To grip the film specimens properly at high rate, several iterations of grip design 
were investigated. Discarded designs included grips using either sharp teeth or 
blunt rounded teeth, and direct friction clamping without any teeth. With these 
designs, specimens either slipped prior to failure, or failed prematurely at the grip 
interface (sharp teeth). The final film grip design used a wrap and clamp design. 
The grips consisted of two pieces: the main grip and the grip clamp. The film 
specimen was wrapped around the grip clamp for three loops and the grip clamp 
was fastened to the main grip using eight bolts (Fig. 3). Procedures were established 
and followed to ensure that the specimen was tightly wrapped around the grip clamp 
and aligned parallel to the bar axis. Film specimens of total length 650 mm and 
width 3.175 mm were used, with a resulting approximate nominal gage length of  
10–20 mm. This gage length was varied across several experiments to investigate 
gage length dependence on the failure behavior (discussed later). A Shimadzu 
HPV-2 ultra-high-speed camera was used at either 250K or 500K fps to image the 
specimen during loading, allowing for postprocessing of these images to obtain 
specimen strain using DIC software (Correlated Solutions VIC-2D). The specimens 
were speckled with only black paint, using the natural background film surface 
color for high contrast. High-intensity LED lights were used to illuminate the 
specimen during loading; to avoid any heating of the specimen, these lights were 
turned on just prior to loading. An average axial strain using the DIC software 
Lagrange strain tensor was extracted from the entire specimen gage length. 
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Fig. 3 High-strain-rate wrap and clamp film grips and specimen with DIC pattern applied 
to gage section attached to tensile SHPB 

3. Results 

Section 3.1 describes how the tensile Young’s modulus was obtained for each 
experiment. The mechanical response and specimen behavior for the intermediate- 
and quasi-static strain rate experiments are presented in Section 3.2. Section 3.3 
describes the mechanical response and failure behavior for the high-strain-rate 
experiments. The average results for each strain rate are summarized in Table 1 and 
are also presented in Section 3.4. Seven specimens were used for both quasi-static 
and intermediate-strain rate. For high-strain rate, 22 specimens were tested; of 
these, 4 experienced full failure and 18 experienced partial failure. These two 
failure types are defined and discussed in Section 3.3. Full failure refers to when 
failure occurred across the entire specimen width; partial failure refers to when 
60%~80% of the specimen width failed. For the tensile experiments, there are two 
specimen numbering sets: the high-rate experiments number from T01 to T26, 
while the quasi-static and intermediate-rate experiments number from T01 to T22. 
When referred to here by specimen number, the specimen strain rate is also 
specified for clarity. 
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Table 1 Summary of material properties averaged for each strain rate 

Strain rate 
No. 

Specs. 
(n) 

Strength 
(GPa) 

Young’s modulus 
(GPa) 

Strain rate  
(/s) Poisson’s ratio 

Average Standard 
deviation Average Standard 

deviation Average Standard 
deviation Average Standard 

deviation 

Quasi-static 7 1.24 0.14 102.1 14.8 0.00076 0.000522 0.319 0.0221 

Intermediate 7 1.47 0.13 114.9 12.3 0.44229 0.044 0.191 0.0513 

High 

Full 
failurea 4 1.83 0.15 133.7 33.9 339.8 70.5 0.401 0.1809 

All 
failure 22 1.89 0.20 140.6 32.4 252.6 71.6 0.349 0.1704 

a The high-rate experiments exhibited two types of failure: full failure and partial failure, as defined in  
Section 3.3. Full failure refers to when failure occurred across the entire specimen width. Partial failure refers 
to when 60%~80% of the specimen width failed. 

3.1 Tensile Young’s Modulus 

The tensile Young’s modulus was obtained for each specimen. For the quasi-static 
and intermediate-rate experiments, a linear fit was obtained for the stress–strain 
response of each specimen over the strain range 0.000–0.005 (0%–0.5%).  

For the high-rate experiments, the strain history data was noisy, leading to difficulty 
in constructing stress–strain relationships. When it was possible to extract a 
Young’s modulus, this modulus was very sensitive to selection of data points, as 
each experiment consisted of a small number of images (~20 for 250K fps, ~40 for 
500K fps) during loading. The stress–strain response for one high-rate specimen 
(T11) is shown in Fig. 4a using strain data obtained with DIC and is typical for the 
high-rate specimens. Therefore, the Young’s modulus was estimated using the 
loading (stress) rate and strain rate for all of the high-rate specimens. The loading 
rate was obtained by taking a linear fit of the stress history after any initial 
tightening of the specimen and before any softening prior to failure. The strain rate 
was obtained by using a linear fit of the strain history during loading. The Young’s 
modulus was calculated as loading rate divided by the strain rate. Figure 4b shows 
the loading and strain history for high-rate specimen T11. In the figure, the linear 
portion of the loading history and the strain history used to calculate loading and 
strain rate are shown by the dashed linear fit lines. 

  



 

9 

 
  (a) (b) 

Fig. 4 (a) Engineering stress vs. DIC strain (Lagrange) and (b) engineering stress and DIC 
strain (Lagrange) vs. time for high-rate specimen T11 

3.2 Quasi-static and Intermediate-Strain Rate 

The engineering stress versus DIC strain (Lagrange) response for all specimens is 
shown for quasi-static (Fig. 5a) and intermediate- (Fig. 5b) strain rates. A typical 
DIC strain distribution for the image just prior to failure for quasi-static experiment 
T13 is shown in Fig. 6. For both rates, the modulus decreased with the loading. 

For some of the quasi-static specimens (T07, T10, T12), small local partial failures 
occurred as small filament groups failed. These partial failures caused slight load 
drops but were followed by continued load increase until complete failure of each 
specimen as shown in Fig. 5a (red, blue, black).  

At quasi-static strain rate, there was a minimal initial slip as the film specimens 
tightened against the grips and then began linear loading. In addition to this initial 
slip, four quasi-static specimens (T10, T11, T12, T13) also slipped in the grips once 
a certain load level was achieved, although stress continued to increase until failure. 
This no-slip followed by slip caused the specimens to experience two strain rates: 
one during the no-slip region followed by a lower strain rate during the slip region. 
The machine displacement rate remained constant during the experiment. For the 
four specimens that experienced this slip, the initial strain rate during the no-slip 
region is reported in Table 1. Generally, slippage between the specimen and the 
grip is not expected to affect, or be seen in, the stress–strain response (Fig. 5a) 
because it would affect both the stress and strain response simultaneously and 
because strain was measured by DIC. Therefore, the decrease in modulus observed 
in Fig. 5a is considered a true material response, unconnected with the experimental 
conditions.  

For the intermediate-strain rate, no slip was observed other than initial tightening 
of the specimen against the grips. The strain rate remained constant over the loading 
history.  
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  (a) (b) 

Fig. 5 Engineering stress vs. DIC strain (Lagrange) for (a) quasi-static and  
(b) intermediate-rate specimens 

 

 

Fig. 6 DIC strain (Lagrange) profile for quasi-static rate specimen T13 at the image just 
before failure. The strain profile color map range is 0.00 (purple) – 0.04 (red). 
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3.3 High Rate 

The film specimens were loaded at high rate using a wrap and clamp grip design. 
This minimized any specimen slip during loading and caused specimen failure 
during the initial loading pulse. The loading history for high-rate specimen T11 is 
shown in Fig 7, along with a series of DIC strain profiles at discreet time points 
during loading and after failure. The blue dots represent the timing of the 
accompanying strain profile. In the images, the incident bar grip is at the left and 
the transmission bar grip is at the right. As seen from the images, the strain field is 
reasonably distributed and not concentrated at any single location. In addition, the 
full width of the specimen is deformed even though the bottom section of the 
specimen is where partial failure occurred. For these experiments, about  
50–60 images were acquired between load onset and max load; only a small 
selection are shown in Figs. 7a and 7b. 

 

 
(a) 

Fig. 7a Loading history (a) and DIC strain (Lagrange) profiles (b) for high-rate specimen 
T11 during loading at discrete times marked in (a) by blue dots. The color map range is 
constant for all profiles 0.00 (purple) – 0.10 (red). The incident bar grip is to the left in the  
(b) images. 
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(b) 

Fig. 7b Loading history (a) and DIC strain (Lagrange) profiles (b) for high-rate specimen 
T11 during loading at discrete times marked in (a) by blue dots. The color map range is 
constant for all profiles 0.00 (purple) – 0.10 (red). The incident bar grip is to the left in the  
(b) images. 

Failure Behavior 

The film specimens exhibited two failure behavior types at high rate. These two 
different types are referred to as either full or partial failure, with examples shown 
in Fig. 8. For most of the specimens (n = 18), load increased to a maximum at which 
point failure occurred across a large but incomplete percentage of the specimen 
width, within 60%–80% of the original preloaded width (Wo). This failure type is 
referred to as partial failure; for this failure, the failed width (Wf) is used to calculate 
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tensile strength. For 20% of the specimens (n = 4), failure occurred across the entire 
specimen width. This failure type is referred to as full failure; for these experiments, 
the full specimen width (Wo) prior to loading is used for calculation of strength. 
The specimen gage length was varied slightly between 10 and 20 mm to determine 
if there was an effect of gage length on failure types. However, failure type did not 
appear to be affected by gage length. Specimen failure type appeared to be random, 
which was most likely based on slight differences in specimen alignment during 
loading into the grip and clamping.  

   

Fig. 8 Pre-loading (left) and post-failure images (right) for both partially failed specimen 
T05 (top) and fully failed specimen T07 (bottom) 

Failure location in the high-rate specimens was observed using high-speed imaging 
for most specimens. Some specimens clearly failed within the gage length, while 
others failed at the grip–specimen interface. Figure 9 shows a sample of failure 
locations for several different specimens. In all images, the incident bar grip is at 
the left of the image and the transmission bar grip is at the right. During loading, 
filament groups aligned along the roll direction would split apart. In Figs. 8 and 9, 
this splitting is seen as horizontally aligned failure—in contrast to tensile failure 
occurring in the vertical direction. 
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Fig. 9 Failure location for six high-rate specimens 

3.4 Strain-Rate Effect on Mechanical Properties 

The experimental results documented here indicate that tensile strength and 
stiffness of UHMWPE film demonstrates strain-rate sensitivity; increasing strain 
rate corresponds to increased strength and Young’s modulus. The individual 
specimen and rate-averaged strength results from the tensile experiments for each 
of the three strain rates are shown in Fig. 10a, while the individual specimen and 
rate-averaged Young’s modulus results for each of the three strain rates are shown 
in Fig. 10b. 
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 (a) (b) 

Fig. 10 Tensile behavior for UHMWPE film as a function of strain rate for (a) strength and 
(b) Young’s modulus. The two types of high-rate failure (partial and full) are differentiated 
by color (a) to show that failure type did not cause noticeable differences in strength. 

The in-plane Poisson’s ratio was also calculated for most of the experiments by 
analysis of the DIC-calculated strain profiles for both axial and transverse strain. 
However, for several specimens, the transverse strain was very noisy; those 
specimens were omitted from the data set. Figure 11 shows the individual and rate-
averaged Poisson’s ratio as a function of strain rate. In contrast to the Young’s 
modulus and strength, the Poisson’s ratio did not show clear trends with strain rate. 

 

Fig. 11 In-plane Poisson’s ratio as a function of strain rate 

4. Discussion and Limitations 

4.1 Comparison with SSE Film UHMWPE Literature 

In this section, the mechanical properties obtained in the current study are compared 
with previous literature that also characterized SSE UHMWPE films. While there 
have been numerous studies on gel-spun, fiber-based UHMWPE materials, only a 
few studies have characterized the newer SSE UHMWPE films such as Tensylon. 
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This section is divided into two parts based on length scale of the characterized 
material published in other studies. First, Section 4.1.1 focuses on studies that 
included data at the length scale of the single UD film ply or tape—as in the present 
study. Next, the effect of moving up in length scale from the single UD ply to the 
composite scale is examined in Section 4.1.2, which compares the Tensylon UD 
film of the current study with previous studies that characterized Tensylon at the 
macroscale of laminates. 

4.1.1 Tensylon at Single UD Ply/Film/Tape Scale 

For the quasi-static strain rate, the experimental properties obtained here agree well 
with other studies that also reported tensile properties for single UD plies of 
Tensylon, as shown in Table 2. The Young’s modulus reported here may be slightly 
higher due to the use of a smaller strain range to obtain Young’s modulus. Other 
studies investigating the strain-rate effect on UHMWPE single fiber, filaments, and 
laminates also show rate effects on tensile strength (Hudspeth et al. 2012,  
Russel et al. 2013, Sanborn et al. 2015, Wang et al. 2020). 

Table 2 Tensile Young’s modulus and strength of a single UD ply of SSE Tensylon film 
measured at quasi-static strain rate 

Study SSE Film Material Strain Rate 
(/s) 

Ply Tensile 
Young’s 
Modulus 

(GPa) 

Ply Tensile 
Strength 

(GPa) 

Current UD Tensylon plies supplied 
by DuPont 7.6 × 10–4 102 1.2 

Alil et al.  
2017 

UD Tensylon plies deriveda 
from Tensylon HSBD 30A 8.3 × 10–4 60~90b 1.0~1.2b 

Cain et al. 
2021 

Tensylon HSBD 30A 
laminatesc 2.6 × 10–3 83 (not included) 

O’Masta et al. 
2016 

Tensylon HSBD 30A 
laminatesd 10–3 (not 

included) 1.2 

Hine et al. 
2001 

UD Tensylon plies supplied 
by Synthetic Industries, USA 10–3 88 (not included) 

a Tensylon HSBD 30A is the commercial version of Tensylon sold by DuPont. It consists of two plies of UD Tensylon in a 
0°/90° configuration, joined with an adhesive layer. Alil et al. (2017) detached one ply from the other to characterize single 
UD plies.  
b Approximated from the linear portion of the stress–strain responses. 
c Cain et al. (2021) characterized the tensile response of different laminate configurations of Tensylon HSBD 30A and used 
an inverse optimization procedure to analytically derive ply-level parameters. 
d O’Masta et al. (2016) characterized the tensile response of [0/90]n laminates of Tensylon HSBD 30A and multiplied the 
tensile strength of the [0/90]n laminate by 2 to calculate the tensile strength of the single UD ply. 
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4.1.2 Tensylon at Laminate/Plate Scale 

Table 3 compares the Tensylon UD plies from the current study with previous 
studies that characterized laminates (plates) fabricated from Tensylon. The 
comparison shows that the tensile properties of the single UD ply measured in the 
current study are approximately twice the corresponding properties of laminates. 
This could be expected for [0/90]n laminates where only half of the plies have their 
preferential direction aligned with the applied tensile strain. However, the reduction 
in properties is also seen in UD laminates formed with all plies in the same 
direction. Therefore, the reduction in mechanical properties may be related to a 
more fundamental change in the structure or performance of the SSE UHMWPE 
film due to the processing (temperature, pressure, time) involved in forming the 
laminates.  

Table 3 The quasi-static tensile Young’s modulus and strength of Tensylon, comparing the 
mesoscale (single UD ply) with the macroscale (laminates) 

Study SSE Film Material Strain Rate 
(/s) 

Tensile 
Young’s 

Modulus (GPa) 

Tensile 
Strength 

(GPa) 

Current UD Tensylon plies 
supplied by DuPont 7.6 × 10–4 102 1.2 

Alexander 
and 
Weerasooriya  
2021 

[0/90]n laminate made 
from Tensylon HSBD 
30Aa 

(ultrasonic 
measurement) 60 (not 

measured) 

Alil et al. 
2017 

[0/90]n laminates made 
from Tensylon HSBD 
30Aa 

Quasi-static 
(not specified) 30~40b 0.4~0.5b 

O’Masta  
et al. 2016 

[0/90]n laminate made 
from Tensylon HSBD 
30Aa 

10–3 50a 0.6a 

Hine et al. 
2001 

UD laminates made by 
consolidating UD Tensylon 
plies supplied by Synthetic 
Industries, USAc 

10–3 45-69d (not 
included) 

a Three of the previous studies (O’Masta et al. 2016, Alil et al. 2017, Alexander and Weerasooriya 2021) documented in 
Table 3 fabricated the laminates from the form of Tensylon that is commercially available from the current manufacturer, 
DuPont. This product, marketed as Tensylon HSBD 30A, is shipped by the roll. The sheet coming off the roll consists of two 
plies oriented in the 0°/90° direction and joined by an adhesive layer. Several of these sheets were then consolidated to 
produce [0/90]n laminates.  
b Approximated from the initial portion of the stress–strain responses. 
c Hine et al. (2001) produced UD laminates by consolidating UD plies of Tensylon, which they obtained directly from a 
previous Tensylon manufacturer. 
d Range was due to different processing temperatures. 
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4.2 High-Rate Experiment Limitations 

Traditional valid Hopkinson bar high-rate experiments require a state of specimen 
equilibrium during loading. Here, that condition was not able to be verified for these 
experiments. The large mass of the grip system contributed a large inertial loading 
at the incident bar–specimen interface. Additionally, the large impedance mismatch 
between specimen and grip meant that the incident and reflected pulses were almost 
identical, causing the specimen–incident bar grip data to be very noisy. However, 
the measurement of strain on the specimen surface indicated that deformation was 
distributed across the gage length, suggesting that the stress state was 
approximately constant across the specimen. 

The strain rates obtained here are lower than normally reported for high rate. This 
is due to the long gage lengths caused by the high-rate grip geometry, as well as 
possible tightening of the specimen in the grip during loading. 

5. Conclusions 

UD Tensylon UHMWPE SSE film was successfully loaded in tension to failure at 
quasi-static, intermediate-, and high-strain rates, using a novel gripping system that 
prevented slip and promoted specimen failure in the gage length. The film tensile 
strength exhibited a strain-rate effect, with increasing strain rate corresponding to 
increasing strength. The strength increased from 1.24 GPa to 1.89 GPa as strain rate 
increased from 10–3/s to 250/s. A similar effect was observed for the film Young’s 
modulus, which increased from 100 GPa to 140 GPa as strain rate increased from 
10–3/s to 250/s. The results of this study will allow for more accurate constitutive 
and failure models that incorporate strain-rate sensitivity to be used in 
computational simulations of threat–target interactions based on this material. 
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List of Symbols, Abbreviations, and Acronyms 

ARL Army Research Laboratory 

BFD  backface deformation  

DEVCOM US Army Combat Capabilities Development Command 

DIC digital image correlation 

fps frames per second 

LED  light-emitting diode 

SHPB split Hopkinson pressure bar 

SSE solid-state extrusion 

UD unidirectional 

UHMWPE ultra-high molecular weight polyethylene 
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