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1.  Introduction 

Ultra-high molecular weight polyethylene (UHMWPE) fibers such as Dyneema 
and Spectra are being used more often in both personnel and vehicle protection 
applications due to their lower density (0.97 g/cm3) compared to aramid fibers such 
as Kevlar and Twaron (1.44 g/cm3). Additionally, UHMWPE fibers exhibit higher 
tensile modulus and have good chemical and wear resistance. Numerical simulation 
of ballistic impact on protective equipment that incorporates these high-
performance fibers requires material models of these fibers based on experimental 
data describing the dependence of deformation and failure on loading rate. 
Furthermore, such models must capture high-rate material responses relevant to the 
application scenario. 

Existing modeling UHMWPE has been focused on material used in weight-bearing 
orthopedic components that were primarily based on the J2-plasticity. Bergstrom et 
al. (2002) showed that the J2-plasticity model did not accurately represent the 
mechanical behavior of UHMWPE in these applications. Based on more advanced 
network-based models for glassy polymers, Bergstrom and Bischoff (2010) 
developed constitutive models based on the physical deformation behavior of the 
polymer microstructure and found their model to be more accurate than the J2-
plasticity-based models. Furthermore, Bergstrom and Bischoff (2010) validated 
their model based on punch tests of amorphous UHMWPE. 

High-performance fibers in protective devices are primarily loaded in a multi-axial 
stress state within the encased composites, which encompass tension, compression, 
and shear stresses. They initially deform under such a multi-axial stress state at 
different strain rates and then fail mainly in either tension or shear dominant 
mechanisms. In this report, we focus on uniaxial tension, characterize the tensile 
response as a function of strain rate and gauge lengths, and calibrate model 
parameters for two numerical models. However, although the models may not 
represent the actual measured rate-dependent responses completely, researchers 
tend to choose constitutive models that are currently available in the FE programs 
such as LS-DYNA (e.g., MAT_076, MAT_S07), because newer models are not 
well established and cannot be easily incorporated into the widely used simulation 
software. 

In this report, the ability to describe the rate-dependent mechanical deformation 
response of Dyneema SK76 single fibers is evaluated using two different parallel 
networking models, consisting of a time-dependent and a time-independent parallel 
element(s). The first model (HO6LV), chosen for its wider usage is the Maxwell 
type parallel network model, with a time-independent non-linear response 
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represented by a second-order Ogden hyperelastic element, combined in parallel 
with the time-dependent flow represented by six linear viscoelastic flow elements 
(Ogden 1972). The second model is the advanced (physically based) Bergstrom-
Boyce (BB) parallel network model, consisting of time-independent, eight-chain, 
physically based Arruda-Boyce elements combined with a time-dependent 
Bergstrom-Boyce nonlinear viscoplastic flow element. BB model has much lesser 
number of material constants compared to the HO6LV model and is similar to the 
work published by Bergstrom and Bischoff (2010). 

2.  Experimental Methods 

In this section, details of the material and specimens used for experiments are 
presented. In addition, the types of experiments and the experimental methods that 
were used are also discussed. 

2.1  Materials 

Single fibers were extracted from a spool of 1760 dtex Dyneema SK76 yarns for all 
experiments. To obtain valid experimental data for numerical models for Dyneema 
SK76, a direct gripping method was used (Sanborn et al. 2015). This method 
consists of mounting a single fiber in a cardstock specimen holder. The specimen 
is then inserted into the grips and the grip covers are tightened to secure the fiber. 
The cardstock holder is then clipped away leaving only the single fiber spanning 
the gauge length. This direct gripping method has been demonstrated to squeeze 
and hold individual fiber specimens with enough force such that the fiber can be 
loaded to failure within the gauge area away from the grips. This method allows a 
wide range of diameters to be gripped without apparent slipping. To understand any 
fiber-gauge length effects, multiple gauge lengths were studied. At quasi-static and 
intermediate rate, experiments on gauge lengths of 5, 10, and 50 mm were studied 
whereas at high-rate experiments were conducted on 5-, 7-, and 10-mm specimens. 

A 30-cm-long, single fiber was used to make several fiber samples. Rows of aligned 
specimen holders were fabricated using a laser cutter. The 30-cm-long fibers were 
glued across these rows, and then the individual specimens were extracted. To 
avoid confounding factors due to variability in diameter of the single-fiber 
specimens, the diameter of each specimen was carefully measured using an optical 
microscope. For each sample, 10–20 measurements were taken at different 
locations along the length and were averaged to obtain the diameter. A total of 276 
samples were measured for this study and the diameter was 18.22 ± 1.15 µm. 
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2.2  Uniaxial Tension 

Sanborn et al. (2015) provided complete details of the method used and the unique 
gripping methods that were developed for the tensile experiments that were 
conducted to obtain rate dependency. A summary of these experiments is given 
here. All tensile experiments were conducted until failure, characterized as 
catastrophic separation of the fiber in the gauge length into two separate parts. A 
Bose Electroforce test bench was used to pull single Dyneema SK76 fibers in 
tension at strain rates of 0.001 s−1 and 1 s−1. The strain (𝜀, Eq. 1) and strain rate (εሶ , 
Eq. 2) are calculated based on the gauge length (ls) of the sample: 

 𝜀 ൌ
ௗ
௟ೞ

, (1) 

 εሶ ൌ
௩
௟ೞ

, (2) 

where a is the displacement of actuator and v is the velocity of the experiment. The 
specimen stress is calculated as follows (Eq. 3): 

 𝜎 ൌ ௉

஺బ
, (3) 

where Ao is the initial cross-sectional area based upon the diameter measurement 
obtained using optical microscopy for each sample. Finally, P is the force measured 
by the load cell. 

To study the high-rate behavior of Dyneema SK76 for numerical modeling 
purposes, a fiber-split Hopkinson tension bar (SHTB) was used as shown in Fig. 1 
to obtain material response at strain rates of approximately 1,000 s−1. The setup 
shown in Fig. 1 has been used by several authors to study the rate-dependent 
response of ballistic fibers, including several grades of Kevlar and Dyneema 
(Cheng et al. 2005; Sanborn et al. 2015). 

 

Fig. 1 Schematic of fiber-SHTB 



 

4 

The fiber-SHTB uses a tubular projectile fired using compressed gas from a barrel 
toward the impact flange. Upon contact with the flange, a tensile pulse is generated 
in the bar, which propagates down the bar and pulls the specimen in tension. Force 
is recorded using a fast-acting piezoelectric load cell due to the weak response of 
the fiber. A thin copper pulse shaper is used to control the rise time of the incident 
pulse. Equations 1, 2, and 3 are all used to obtain the strain rate, strain, and stress 
history. The displacement measurement of the bar end is obtained through use of a 
laser extensometer located at the specimen end of the incident bar. Before 
experimentation, a voltage-displacement relation is obtained by incrementally 
uncovering the laser. 

2.3  Dynamic Mechanical Analysis Experiments 

In addition to studying the uniaxial tensile behavior at quasi-static, intermediate, 
and high strain rates, dynamic mechanical analysis (DMA) experiments were 
conducted to characterize the storage and loss moduli of Dyneema SK76. Using the 
DMA module of the Bose Electroforce, frequency sweep experiments were 
conducted over a range of 0–170 Hz. Mean strains of 1% or 2% were used with 
strain amplitude held constant at 0.5%. 

2.4  Stress Relaxation 

Along with DMA experiments, the stress–relaxation behavior was studied using the 
Bose Electroforce. Fibers were pulled in tension at either 0.001 s−1 or 1 s−1 and held 
for a period of 300 s. At each strain rate, five 10-mm gauge length samples were 
pulled in tension to study the stress–relaxation behavior of the material. 
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3.  Results and Discussion 

3.1  Stress–Strain Response as a Function of Rate 

The stress–strain behavior of Dyneema SK76 single fibers for 5-mm gauge length 
at quasi-static rate is shown in Fig. 2. Most of the experimental results shown in 
this section are previously reported in detail by Sanborn et al. (2015). These 
experiments show a high amount of repeatability and agreement with the 
experimental results of Russell et al. (2013) on SK76. Figure 2 also shows that the 
behavior of Dyneema SK76 is not linear at quasi-static strain rates like fibers such 
as Kevlar KM2 (Cheng et al. 2005). 

 

Fig. 2 Typical stress–strain curves of Dyneema SK76 single fibers from quasi-static 
experiments (5-mm gauge length) including the results of Russell et al. (2013). Gauge length is 
not given in the Russell et al. (2013). 
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Figure 3 shows high-rate stress strains for 5-mm gauge length. The shape of the 
deformation response and the slope of the initial elastic loading regime were 
approximately similar for the other gauge lengths, contrary to the results for failure 
strengths, which showed appreciable dependence on gauge length. While these 
results are highly repeatable as in the quasi-static case, the shape of the stress–strain 
curve is more linear than the quasi-static case. Including the intermediate strain-
rate results that are shown in Fig. 4, the shape of the stress–strain curve becomes 
increasingly linear with increasing strain rate, which has been reported previously 
(Cansfield et al. 1983; Schwartz et al. 1986; Russell et al. 2013). Figure 4 also 
indicates that there was not an appreciable difference in the stress–strain response 
as a function of the gauge length of the specimens, such that data from either gauge 
length could be used in model calibration. 

 

Fig. 3 High-rate stress–strain curves for Dyneema SK76 with 5-mm gauge length 
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Fig. 4 Stress–strain response of Dyneema SK76 single fibers at multiple strain rates for 5- 
(top) and 10-mm (bottom) gauge lengths. Note the increase in linearity for the same gauge 
length with increasing strain rate. The curves in these plots represent the average behavior of 
10 experiments with error bars representing ±1 standard deviation. 

Figure 5 and Table 1 show the failure strength in uniaxial tension as a function of 
strain rate. Error bars in Fig. 5 represent ±1 standard of deviation. The results of 
another study on Dyneema SK76 by Hudspeth et al. (2012) are also plotted in Fig. 
5. In general, we noted an increasing relationship between failure strength and strain 
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rate up to a strain rate of 1 s−1. After a strain rate of 1 s−1 is reached, no increase in 
strength is recorded when the strain rate is further increased to approximately 
1,000 s−1. The results in Fig. 5 also indicate the absence of specimen gauge-length 
effects evidenced by the similarity in strength of the three gauge-length fibers tested 
at each strain rate.  

 

Fig. 5 Strain-rate dependence of the failure strength of Dyneema SK76 single fibers loaded 
in uniaxial tension with data from Hudspeth et al. (2012) 

Table 1 Failure strengths of Dyneema SK76 at different strain rates and gauge lengths 

Strain rate 

(s−1) 

5-mm 
strength 

(GPa) 

7-mm 
strength 

(GPa) 

10-mm 
strength 

(GPa) 

50-mm 
strength 

(GPa) 
0.001 3.63 ± 0.19 … 3.64 ± 0.31 3.69 ± 0.17 

1 4.28 ± 0.30 … 3.96 ± 0.35 4.14 ± 0.50 
775 … … 4.08 ± 0.17 … 
913 4.24 ± 0.39 … … … 

1,156 … 4.25 ± 0.21 … … 

3.2  Cyclic Response to Small Amplitude Loading: Storage and 
Loss Moduli 

The response of the fibers evaluated under small amplitude vibratory loading 
conditions over a range of frequencies from 10 to 170 Hz at room temperature are 
shown in Fig. 6, and a typical frequency sweep response from a single experiment 
is shown in Table 2. The storage (E’) and loss (E’’) moduli were calculated from 
experimental measurements using Fourier transforms of the input and output 
sinusoidal loading and strain waves for each frequency. 
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Fig. 6  Storage and loss moduli as a function of frequency for Dyneema SK76 

Table 2 Typical frequency sweep response of Dyneema SK76 

ε-mean 
(%) 

ε-amp 
Frequency E’ (MPa) E” (MPa) 

Tan delta 
T 

(Hz) (0.0075 A) (0.0075 A) (°K) 
1.0059 0.50167 10 15881043 448775.2 0.028247 293 
1.0137 0.5438 20 16121984 369768.2 0.022917 293 
1.002 0.53231 30 16155029 329655.5 0.020379 293 
1.0326 0.53231 40 16254676 312016 0.019158 293 
1.0003 0.57443 50 16233159 332110.4 0.0204 293 
1.0059 0.53231 60 16382129 278418.4 0.016934 293 
1.0097 0.55337 70 16443945 251619.9 0.015232 293 
1.0212 0.53997 80 16568508 195458.6 0.011733 293 
0.99994 0.52082 90 16632351 170837.9 0.010204 293 
1.0039 0.52273 100 16749754 162187.9 0.009607 293 
1.0061 0.51507 110 16812710 130623.8 0.007698 293 
1.0058 0.52465 120 16946080 137140.2 0.008005 293 
1.0003 0.52656 130 17104232 119191.8 0.006882 293 
1.0003 0.52273 140 17270087 37151.88 0.002122 293 
1.0022 0.52082 150 17607285 −24778.6 −0.00139 293 
1.0097 0.52273 160 17593897 −174936 −0.00979 293 
1.0002 0.53039 170 17798101 −930986 −0.05182 293 
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3.3  Stress Relaxation 

Typical stress–relaxation plots for Dyneema SK76 at two strain rates are shown in 
Fig. 7. Fibers were loaded to approximately 3% strain and held for a period of 300 s. 
At both strain rates, the Dyneema SK76 fiber displays viscoelastic behavior as seen 
by the relaxation of stress when the sample was held at constant strain. After 
releasing the applied strain, the fibers did not recover to the original gauge length. 

Fig. 7 Stress–relaxation behavior of Dyneema SK76 single fibers at two strain rates 

4.  Parallel Network Constitutive Models 

Several constitutive models were evaluated using MCalibration (Veryst 
Engineering, LLC 2015) error optimizer software to determine their ability to 
represent the experimentally obtained stress–strain response at multiple loading 
rates. 
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4.1  HO6LV Model: Parallel Network Consisting of a Time‐
Independent Second‐Order Hyperelastic Ogden Element in 
Parallel with Six Time‐Dependent Linear Viscoelastic Element 

A parallel network model consisting of a time-independent hyperelastic second-order 
Ogden element in parallel with time-dependent linear viscoelastic elements was 
evaluated. In this study, the number of viscoelastic elements was restricted to six, 
and the model was therefore identified as HO6LV. Figure 8 presents a schematic 
of this model. 

 

Fig. 8 Schematic representation HO6LV model 

In the second-order, hyperelastic Ogden element, the principal stress (𝜎) is as 
follows (Eq. 4): 

 𝜎 ൌ ∑ 𝜇௢௜ሺ𝜆ఈ೚೔
ଶ
௜ୀଵ െ 𝜆

ഀ೚೔
మ ሻ/𝜆, (4) 

where 𝜆 is the stretch ratio based on the change in length, and μ and α are material 
constants.  

The viscoelastic part of the model is represented by the Prony series (Eq. 5), 

 𝐸ሺ𝑡ሻ ൌ ∑ 𝐸௜ 𝑒
൬ି

೟
ഓො೔
൰଺

௜ୀଵ , (5) 

where E is the stiffness and 𝜏 ̂ is the relaxation time of each linear viscoelastic 
element. 

The model prediction using the HO6LV is shown in Fig. 9, with model constants 
given in Table 3. This HO6LV model does a fair job in capturing the rate-dependent 
behavior of Dyneema SK76. However, Fig. 9 shows that even though the model 
predicts the experimentally observed linear behavior at high rate, the ability of the 
model to predict the experimental behavior decreases as the strain rate decreases. 
In addition, the HO6LV model does not reproduce the correct stress–relaxation 
behavior of the fiber at the limiting low strain rate as shown in Fig. 10, despite using 
six linear viscoelastic elements. 

  



 

12 

Table 3 Model constants for the HO6LV model 

Description Symbol Value 

OgdenModulus1 (GPa) 𝜇௢ଵ 27.3824 

OgdenExponent1 (GPa) 𝛼௢ଵ −14.2697 

OgdenModulus2 (GPa) 𝜇௢ଶ 0.0160 

OgdenExponent2 (GPa) 𝛼௢ଶ 0.5308 

Modulus1 (GPa) 𝐸ଵ 0.5308 

Time constant1 (s) 𝜏̂ଵ 100.0000 

Modulus2 (GPa) 𝐸ଶ 1.6263 

Time constant2 (s) 𝜏̂ଶ 10.0000 

Modulus3 (GPa) 𝐸ଷ 23.9112 

Time constant3 (s) 𝜏̂ଷ 1.0000 
Modulus4 (GPa) 𝐸ସ 10.2784 

Time constant4 (s) 𝜏̂ସ 0.1000 
Modulus5 (GPa) 𝐸ହ 2.0554 

Time constant5 (s) 𝜏̂ହ 0.0100 
Modulus6 (GPa) 𝐸଺ 0.3996 

Time constant6 (s) 𝜏̂଺ 0.0010 
R2 for quality of the fit … 0.7330 

 

 

Fig. 9 Stress–strain response of Dyneema SK76 single fiber comparing experiments from 
present study (solid lines) to a second-order HO6LV (dashed lines) 



 

13 

 

Fig. 10 HO6LV model prediction (dashed line) of the experimentally measured stress–
relaxation behavior (solid line) of Dyneema SK76 loaded in uniaxial tension at intermediate rate 

4.2  BB Model: Parallel Network of Time‐Independent Eight‐
Chain Arruda–Boyce Elements with a Time‐Dependent 
Bergstrom‐Boyce Flow Element 

The BB model consisted of time-independent eight-chain Arruda–Boyce elements 
combined with a time-dependent Bergstrom-Boyce flow element. This model has 
been shown to predict the time-dependent behavior of polymeric materials 
(Bergstrom and Boyce 1998). The BB model is based on a deformation gradient 
acting on two parallel networks, A and B (Fig. 11), such that 𝑭 ൌ 𝑭஺ ൌ 𝑭஻. Here, 
bold symbol represents the second-order tensor or matrix. Network A represents 
the equilibrium response of the material using the eight-chain Arruda–Boyce model 
with one hyperelastic element, whereas network B represents the time-dependent 
response in which a hyperelastic element is in series with a time-dependent element. 
The deformation gradient of network B is divided into elastic and viscoplastic 
components 𝑭஻ ൌ 𝑭஻

௘ ∙ 𝑭஻
௩௣ . The detailed derivation of the 3D theory and uniaxial 

simplification can be found in Arruda and Boyce (1993) and Bergstrom and Boyce 
(1998, 1999, 2000). 
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Fig. 11 BB model for polymeric materials (Bergstrom and Boyce 1998) 

The Cauchy stress for this formulation is given by σ = σA + σB, where A and B 
represent each network in the model. Stress components σA and σB are given as 
follows (Eqs. 6 and 7): 

 𝜎஺ ൌ
ఓಲ
ఒ
൉
ℒషభቆఒഥ

ఒಲ
ಽ൘ ቇ

ℒషభቆଵ
ఒಲ
ಽ൘ ቇ
ቂ𝑭ଶ െ ଵ

𝑭
ቃ, (6) 

and 

 𝜎஻ ൌ
௦൉ఓಲ
ఒಳ
೐ ൉

ℒషభቆఒ
ഥ
ಳ
೐

ఒಳ
ಽ൘ ቇ

ℒషభቆଵ
ఒಳ
ಽ൘ ቇ

൤ሺ𝑭஻
௘ ሻଶ െ ଵ

𝑭ಳ
೐ ൨, (7) 

where s is a dimensionless material parameter relating the shear modulus of 
network B to network A, and 𝜇஺ and 𝜇஻ ൌ  𝑠𝜇஺ are the shear moduli, and 𝜆஺

௅  and 
𝜆஻
௅  are the limiting chain stretch for networks A and B, respectively. ℒ −1(𝑥) is the 

inverse of the Langevin function, which is given by ℒ(𝑥) = coth(𝑥) – 1/𝑥 and is 
approximated as follows (Eq. 8): 

 ℒିଵሺ𝑥ሻ ൎ ൝
1.31446 tanሺ1.58986𝑥ሻ ൅ 0.91209𝑥, 𝑖𝑓 |𝑥| ൏ 0.84136

1
ሺsignሺ 𝑥ሻ െ 𝑥ሻൗ , 𝑖𝑓 0.84136 ൑ |𝑥| ൏ 1 (8) 

The stretch terms of each network are as follows (Eqs. 9 and 10): 

 λത ൌ ටଵ

ଷ
ቂሺ𝑭ሻଶ ൅ ଶ

𝑭
ቃ, (9) 

and 

 𝜆ത஻
௘ ൌ ටଵ

ଷ
൤ሺ𝑭஻

௘ ሻଶ ൅ ଶ

𝑭ಳ
೐ ൨. (10) 
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For network B, the rate equation for viscous flow is as follows (Eq. 11): 

 𝛾ሶ஻
௩௣ ൌ 𝛾ሶ଴൫𝜆̅஻

௩௣ െ 1 ൅ 𝜉൯
஼
ቂ𝑅 ቀ ଶ|ఙಳ|

ଷఛ್ೌೞ೐
ቁቃ
௠

, (11) 

where 𝛾̇0 = 1/𝑠 is a constant for dimensional consistency. The ramp function R 
is (Eq. 12) 

 𝑅ሺ𝑥ሻ ൌ ሺ𝑥 ൅ |𝑥|ሻ/2, (12) 

and the stretch term 𝜆ത஻
ఔ௣ is as follows (Eq. 13): 

 𝜆ത஻
ఔ௣ ൌ ටଵ

ଷ
൤൫𝑭஻

ఔ௣൯
ଶ
൅ ଶ

𝑭ಳ
ഌ೛൨, (13) 

where C, 𝜉, 𝜏𝑏𝑎𝑠𝑒, and m are material constants. 

With the viscous flow given in Eq. (11), the viscoplastic deformation gradient (FB) 
of network B is given by the following (Eq. 14):  

 𝑭ሶ ஻
ఔ௣ ൌ 𝛾ሶ஻

ఔ௣ ൉ 𝑠𝑖𝑔𝑛ሾ𝜎஻ሿ ൉ 𝑭஻
ఔ௣. (14) 

The prediction of the stress–strain behavior using BB model is shown in Fig. 12, 
and a table of the model constants can be found in Table 4. Like the Ogden model, 
the BB model captures the strain-rate behavior of the fiber over the wide range of 
strain rates up to 1000 s−1. Unlike the HO6LV model, the BB model captures the 
rate-dependent, stress–strain response of the Dyneema SK76 fiber fairly well across 
loading rates, especially at high strain rate where the response is almost linear. The 
BB model also is accurately predicting the stress–relaxation behavior of Dyneema 
SK76 fiber (Fig. 13). 

 

Fig. 12 BB model prediction (dashed lines) for Dyneema SK76 single fibers at multiple strain 
rates compared to the experiment (solid lines) 
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Table 4 Model constants for BB model 

Description Symbol Value 
Modulus of network A (GPa) 𝜇஺ 16.2019 
Locking stretch for network A 𝜆஺

௅  4.8724 
Modulus of network B (GPa) 𝜇஻ ൌ 𝑠𝜇஺ 20.6210 
Locking stretch for network B 𝜆஻

௅  9.8282 
Strain adjustment factor ξ 0.0100 

Strain exponent 𝐶 −1.9613 
Flow resistance (GPa) 𝜏௕௔௦௘ 3.7401 

Stress exponent 𝑚 10.2134 
R2 for quality of the fit … 0.7460 

 

 

Fig. 13 BB model prediction (dashed line) for stress relaxation compared with the 
experiment (solid line) for Dyneema SK76 single fibers loaded in uniaxial tension at 
intermediate rate 

4.3  Comparison of Experimental and Predicted Storage and Loss 
Moduli as a Function Frequency 

Both HO6LV and BB models with the optimized model parameters were used to 
predict DMA storage and loss moduli response from DMA experiments as function 
of frequency. Figure 14 shows the comparison of predicted and experimental 
frequency responses. Figure 15 shows the comparison of storage and loss moduli 
responses as a function for prediction from the BB model and the experiment. The 
mCalibration software was unable to obtain model constants for both models, when 
the frequency response data were also used in the optimization process. BB model 
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prediction followed the trend of the experiments with lower error compared to 
HO6LV model prediction. 

 

 

Fig. 14 HO6LV model prediction (dashed lines) of storage and loss moduli response for 
Dyneema SK76 as a function of frequency compared to experimental response (solid lines) 
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Fig. 15 BB model prediction (dashed lines) of storage and loss moduli response for Dyneema 
SK76 as a function of frequency compared to experimental response (solid lines) 

5.  Conclusion 

Uniaxial tensile experiments on Dyneema SK76 single fibers were conducted at 
strain rates of 0.001/, 1/s, and 1,000/s. In addition, tensile stress–relaxation 
experiments were also conducted. Using the experimentally measured mechanical 
responses, model parameters were obtained for two parallel network constitutive 
models by minimizing the error between experimental and model responses using 
the mCalibration software from Veryst Engineering, LLC (2015). Although the 
HO6LV model captured the rate dependence of Dyneema SK76, the creep-like 
plastic deformation behavior at low rates is not well represented by this model. Our 
results show that the BB model best describes both the rate dependency of the 
stress–strain curves as well as the nonlinear creep-like plastic deformation behavior 
for the limiting lower strain rate. In addition, the HO6LV model could not represent 
either the amplitudes or the trends of frequency response of the moduli, whereas 
the BB model was able to capture the trends with lower errors in amplitudes of the 
frequency response, compared to that from HO6LV. The simpler and well-known 
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Maxwell HO6LV model can be easily implemented in commercial FE software 
such as LS-DYNA, whereas implementation of the BB model is comparatively 
more challenging. The present findings provide an understanding of the limitations 
of the well-known Maxwell viscoelastic models compared to more complex, 
physically based BB model. 
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List of Symbols, Abbreviations, and Acronyms 

3D 3-dimensional 

DMA  dynamic mechanical analysis  

EMS elemental macro-scale 

FE finite element 

HO6LV  hyperelastic Ogden model with six elements   

SHTB split Hopkinson tension bar 

SMS sub-mesoscale 

UHMWPE ultra-high molecular weight polyethylene 
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