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Abstract 
The mechanical behavior of unidirectional Dyneema fiber composite is an interesting topic. It is an 
unusual material composed by basically fiber and glue. The material has a simple makeup but 
complex behavior. This needs to be studied in order to understand and calculate the mechanical 
properties. It is also important how the composite behaves in different settings, since the material is 
used in different kinds of environments. 

Throughout the project material behavior has been investigated with tensile and shear testing. High 
speed cameras were used in order to capture the deformation during the tests. The deformations 
were calculated with Speckle technique. 

The tensile tests showed that the material has a linear elastic response. There is a clear breaking 
point and no plasticity. It was noted that the Poisson’s ratio in one direction is negative. The shear 
tests on the other hand showed a non-linear response, with hardening. 

The Dyneema composite is difficult to test and needs further investigation. Still the results in this 
thesis could be considered useful. 

  



 

 

 

  



 

 

 

 

Sammanfattning 
Det mekaniska beteendet hos Dyneema fiberkomposit är ett intressant ämne. Det är ett ovanligt 
material som består av i stort sett fiber och lim. Materialet har en enkel uppbyggnad men komplext 
beteende. Detta måste studeras i syfte att förstå och att kunna beräkna de mekaniska egenskaperna. 
Det är också viktigt att förstå hur kompositen beter sig i olika tillstånd, eftersom materialet används i 
olika miljöer. 

I detta projektet har materialbeteendet studerats med drag- och skjuvprov. Höghastighetskameror 
användes för att filma deformationen under proven. Deformationerna beräknades med 
Speckleteknik. 

Dragtesterna visade att materialet har en linjärelastisk respons. Det finns en tydlig brottpunkt och 
ingen plasticitet. Det noterades att Poissons tal i en riktning är negativt. Skjuvtesterna å andra sidan 
visade en icke-linjär respons, med hårdnande. 

Dyneema komposit är svårt att prova och behöver ytterligare utredas. Resultaten i detta 
examensarbete kan dock fortfarande anses användbara. 
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1. Introduction 

1.1. Background 
Polyethylene (PE) is the simplest of polymers. It contains only carbon and hydrogen. The polymer 
chains are interconnected by Van der Waals bonds. This is not a very strong bond. The polymer chains 
themselves are very strong. Covalent carbon-carbon bindings hold the chains together [1]. This is the 
strongest link that atoms can form. The Ultra Molecular Weight Polyethylene (UHMWPE) gets its 
strength from that particular type of bond. One other important aspect of the PE and UHMWPE is 
that the polymer chains can form crystalline type formations. This increases the strength and stiffness 
of the polymer [2]. The UHMWPE can be produced in solid form or fiber form. The polymer chains 
are relatively long [3]. In fiber form the chains are oriented so that covalent bindings are the main 
binding. 

The use of UHMWPE for defense applications has its beginning in the seventies. That was when DSM 
Dyneema invented Dyneema in fiber form [4]. Today it is sold under the trademark: “Dyneema, The 
World’s Strongest Fiber”. It has proven to be a good material for protective equipment against 
ballistic threats. For that the strength might not be the most essential characteristic. The main point 
of ballistic protection is to absorb kinetic energy. In other words the damage mechanism should 
progress in a manner that stops the bullet. This thesis will investigate how Dyneema composite is 
behaving to understand how to best predict its usefulness. 

The UHMWPE fibers are made with the technique called gel spinning. A suspension of the polymer is 
extruded into thin fibers. The fibers are hot drawn, with draw ratio of 30 or more. A number of fibers 
are then placed parallel and smeared with a PU resin. This is how one layer is made. Every other layer 
is placed 90 degrees. This is then finally hot pressed to form the end product. 

The Dyneema fiber has around 80 % crystallinity [5]. It has been carefully studied in [6]. The fiber will 
creep at low deformation speeds. This comes from the amorphous formation of the fibers [2]. The 
fiber has half the stiffness of regular structural steel. The strength is around 3.6 GPa [7]. Low weight, 
less than water, makes it suitable for body armor. The fiber is sensitive to transverse shearing. Instead 
of weaved fiber layers the fibers are placed uni-directionally. 

Matrix material for the composite is polyurethane (PU). Lars Viebke writes in his handbook that 
Dyneema is difficult to laminate [8]. The fiber do not easily glue to the matrix. PU is known for its 
stickiness. PU is used for glue and sealing. The matrix makes the composite strain rate dependent. 

1.2. Motivation 
The use of composite in industry is increasing. That is also true for the defense industry. All modern 
armies use helmets made from composite [9]. There are also many brands of body armor made of 
composite or ceramics and composite. There is a need for understanding (polymer)-fiber reinforced 
polymers (FRP) behavior at dynamic loads, especially deformation at high (deformation) speed. This 
project will shed light on some issues concerning material modelling of Dyneema based FRP. 

1.3. Goals 
The goal of this project is to create a method for simulation of Dyneema composite. First part is to 
identify the constitutive properties of the material. To get the properties the material needs to be 
tested. Depending on the depth of the material testing the constitutive model can be more or less 
correct. The model should describe the material “good enough”.  

The project will not concern slow strain rate. The model will be based on macro-scaled mechanics, 
phenomenological model. 

The report will first describe the composite. Then it will explain the testing methods and then the 
material models. Finally the results of the simulation will be presented and discussed. 
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1.4. The composite 
As mentioned previously the material consists of fibers and matrix. Both the fiber and the matrix are 
made from polymer. The placing of the fibers makes the material orthotropic. The fibers are not 
weaved. Weaved fibers in composites is subjected to larger transversal shear stress along the fiber 
[10]. The fiber layers are stacked with orthogonal placement. This has been studied by [11]. 

 

Figure 1.1: The orientation of fibers 

One way of estimating the usefulness of a material for ballistic protection is the Cunniff velocity [12]. 
This is a theoretical value that takes into account the most essential material properties. Dyneema 
fibers get a very high Cunniff velocity, that from the low density, high stiffness and high ultimate 
strength. See equation 1. 

𝑈∗ =
𝜎𝑓𝜀𝑓

2𝜌
√

𝐸

𝜌
      (1) 

The finished composite plate for these experiments was made by Scanfiber Composites A/S. This is 
one of many companies that make composite plates from pre-fabricated plies/layers fabricated by 
DSM Dyneema. The pre-fabricated plies contain a large amount of fiber layers. The fiber is made by 
gel-spinning and is stretched while being heated. The fibers are smeared with PU resin to glue the 
fibers together. This is done when the fibers are oriented into plies. The plies are put with the 
orthogonal arrangement to form the layers. The layers are finally hot-pressed to form the finished 
product. The number of stacked layers governs the thickness of the composite. 

It is important to note here that the material properties of Dyneema composite are affected by the 
skill of the one making the final product.  

In this project three different material thicknesses were used 2.5 mm, 12.5 mm and 7.4 mm. All of 
the material was of the brand HB80. The 2.5 mm and 12.5 mm had a layer of glass fiber on the top 
and the bottom side. 

It is not possible to machine the material with milling and drilling with good results. Water jet cutting 
(WJC) is one way to cut the material. WJC can be made with or without abrasive substance added to 
the jet beam. It is not known if the abrasive substance will affect the properties of the composite. 
During one cutting it was noted that the abrasive material was creating delamination. The initial goal 
of this project was to only cut with water to be sure that the abrasive substance does not damage the 
material. This was not possible for the plates that were thicker than 2.5 mm. Figure 1.2 shows the 2.5 
mm without sand during the cutting. 
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Figure 1.2: Test specimen being cut with non-abrasive WJC 

The jet beam (machine name: Kimtech) that was used had a thickness of 0.1 mm for all 2.5 mm thick 
plates and the cutting speed was 500 mm/min. For the 12.5 mm thick plates the beam was 1 mm 
thick with abrasive adding and the cutting speed was 50 mm/min. The 7 mm material was also cut as 
the 12.5 mm plates but with different speeds. The holes were cut at 100mm/min, the curves at 
160mm/min and the rest at 500mm/min. 

During the cutting of the 7 mm plate some coupons were damaged, see figure 1.3. It only happened 
at the screw holes. The critical moment is when the beam cuts through to start the cutting. The rest 
of the cutting is started at far away edge and might not affect the material. This indicates that one 
must be careful about the machining. 

 

Figure 1.3: Damage at fastening hole 

The tensile tests coupons were cut so that they were ready to be tested. The compression specimens 
were in need of a small modification. They had “ears” that had to be cut away with a scalpel and 
sanded down with sandpaper. The ears made it possible to start the beam at a distance away so that 
the material would not delaminate. 
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The plates of 2.5 mm Dyneema were left over from previous tests and were circular with 20 cm 
diameter. To get the right orientation it was needed to use a strong lamp and light at the backside of 
the plate. Then it was possible to see the fiber direction of the glass fiber. It was assumed that the 
glass fiber had the same orientation as the Dyneema fibers. But it might have created error from 
disorientation. 

 

Figure 1.4: Roll identification and orientation of 2.5 mm plate 

The tensile shear tests were made with the same geometry as the regular tensile tests. The difference 
is that the shear tests have the composite in a different orientation. The shear stress (and shear 
strain) is calculated from a transposing of the normal stress (and normal strain) [13]. 

The tensile shear test will give a non-linear response from the geometric properties of the composite. 
This is called fiber orientation hardening. When the specimen is deformed it will become thinner and 
that will angle the fibers toward the pulling direction, see figure 1.5. 

 

Figure 1.5: Fiber orientation hardening 
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2. The testing 
The tensile tests were made by a MTS machine, with a hydraulic cylinder of the model 204.31 and a 
load cell of the model 662.02A-1. The force measurement was last calibrated 2007. The geometry 
used was strongly inspired on the one used by Russell [6]. This design was used for the tensile tests 
with three different deformation rates. The rate was calculated to give a strain rate over the waist of 
the specimen. The length of the thin part should give the rate. The slowest rate was calculated to be 
at 0.1 𝑠−1. At lower speeds, lower than 0.1 𝑠−1, the deformation should have a creep component [6]. 

To be sure that the tests would be successful a couple of trail tests were made. During these the 
design of the fastening was proven to be faulty. The specimen cracked inside the fastening between 
the screw holes, see figure 2.1. The 45−

+  degree tensile shear tests did not experience that high 
stresses. Thus the design of the specimen was successful for the 45 degree tests. 

 

Figure 2.1: Damaged specimen 

To remedy the problem of the bad design an extra reinforcement was added to the fastening clamp, 
see figure 2.2. This add-on proved to be unsuccessful even if it stopped the breaking in the clamping. 
The modification did not prevent the specimen from gliding in between the clamp. Accordingly the 
pulled specimen was damaged. The fiber pullout started at the hole. The add-on was used for the 
shear test as a precaution to be sure that the data would be more reliable. 

 

Figure 2.2: Modification of fastening 

The tests were deemed unsuccessful for the 0/90 degree orientation. Instead a new design was 
developed. Based on the previous experiences the design contains the stopping part of the previous 
modification and has the holes in a different alignment. The new screw hole arrangement should not 
allow fiber pullout. The figure 2.3 shows a specimen after a trial run. Note the valley at the top and 
bottom. The valley is uniform along the z direction, so it should not affect the tests. But it does in a 
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more indirect way. Later results indicate that the deformation in the waist of the specimen is uniform 
in the transverse plane. 

 

Figure 2.3: Test specimen with damage at top 

The thin (2.5 mm) test used 12.9 quality of the screws and 8.8 for the nuts, size M5. The 7 mm thick 
specimens used 10.9 for both screws and nuts, size M6. 

2.1. Arrangement and setup 
The trigger was setup so that the cameras waited for an analog pulse. The MTS software (793 Test 
Star IIm) was set at regular tensile tests to first make a pretension (chosen arbitrarily) and releasing 
before waiting for the same pulse as the cameras. The triggering pulse was generated by connecting a 
1.5 V battery to the circuit. 

 

Figure 2.4: New form of specimen 

The Gom Aramis system was used for strain measurements. This is a speckle instrument that has the 
accuracy up to 0.01% [14]. The speckle instrument gives the strain field of an object. This is done by 
comparing small dots on the object and how they deform with respect to each other. The object is 
filmed by one or two cameras. The film is then analyzed by software, in this case ARAMIS v6.3.0. If 
two cameras are used then the strain field will be analyzed in all three spatial dimensions. In this case 
only two dimensional strain fields were captured. The cameras used were two of the brand Fastcam 
SA5 from Photron. At the thin bodied tensile tests (2.5 mm) one camera filmed the top side. At the 
thick bodied tensile tests two cameras were used, one to film the topside and one to film the side. 
The filming was done at a distance 30 cm from body. 

2.2. Filming speed and resolution 
The speckle pattern on the specimen was created by spraying with a spray can, at arm length distance 
(Brand: Pro Paint acrylic paint from CRC, white and black). The pealed specimens were first spayed 
with a layer of white, to stop the black from smearing by capillary action. 

Each test had around 600 stages. The facet size was set to software standard 19 by 19 and step size 
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15 by 15 pixels. See table 1 in appendix. 

After the strain fields were generated by the Aramis software the data was exported to txt-files. The 
txt-files were then loaded into Matlab for further manipulation. A moving average with 1/100 of data 
length was used on data. Average was also made of the test series, one average for each speed and 
filming direction. The time base of the MTS and the High speed cameras were different. That problem 
was solved with interpolation of data points from the MTS data. 

According to the Aramis manual it is needed to calibrate the cameras [15]. This is done by 
filming/photographing a calibration object/cube. This object is defined and used by the program to 
calculate distance to the test object and other parameters concerning the cameras. In the program it 
is possible to make a 2D analysis without calibration. The manual states that a calibration can be 
done, in 2D, to negate lens distortions. The calibration is only valid for a fixed camera position, if the 
camera is moved a new calibration is needed. It is difficult to make the program accept the pictures 
from the SA5. The un-calibrated analysis gives wrongly scaled length dimensions but that should not 
affect the strains. It is possible to get the correct values of distance for the Aramis system. This is 
done by using the function “2D Parameter”. A line is drawn in the picture and the user specifies the 
real length of that line. In this project the thickness of the specimen was used. The “2D Parameter” 
function does not negate lens distortions and introduces a possibility of human error.  When 
determining the length on the real body and on the picture it has to be handmade. The figure 2.5 
shows the relative difference of two strain calculations, one made with calibration and one without. 
The time is scaled to be dimensionless. 

 

Figure 2.5: Relative difference with and without calibration 

In this case the calibration has a small impact on the results. 

To calculate the deformation the speckle software splits the image into smaller parts, called facets. 
The size of the facet can be changed and will affect the resolution and detail of the deformation field. 
The facets also have an overlap into surrounding facets, this can also be changed. The main principal 
is that more detail comes at the cost of more computation time. The detail is needed to capture local 
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effects, like fracture growth and strain concentrations. The small facets are sometimes hard to use if 
the speckle pattern is to big meaning that the resolution is not high enough [15], [16]. The figure 2.6 
shows the relative difference between two strain computations. One computation has small facets 
(19*19) and the other has large facets (40*40). 

  

Figure 2.6: Relative difference with small and large facets 

The large difference might be due to the importance of local effects of the problem or a resolution 
issue. Hard to tell if there might be a facet size that gives the smallest error. This might be 
investigated like a mesh convergence test.  

To capture the compressive behavior quasi-static uniaxial compression tests were made. This 
compression test was made in the same machine as tensile tests. The strain was measured from the 
same camera as the tensile tests. It was not possible to use speckle calculations as the side of the 
cylinder deforms and destroys the pattern. The test was set to stop at 40kN, giving around 500MPa. 
During a trial run a cylinder was pressed to 70kN. The cylinder was destroyed because it tumbled 
over and started to separate. 

Other compressive tests were planned with other orientations of the composite. The difficulty of 
creating good specimens stopped that. The geometry was too much affected by the machining. The 
side of the cylinders was not 90 degrees to the top and bottom.  
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3. Material models 
The clear indications from the tests are that the tensile deformation in x and y direction are linear 
with clear breaking point. The other indication is that the shearing is non-linear. The material is strong 
in compression in z. It can be reasoned that the material should be weak in compression for x and y 
direction. If the material is compressed in the fiber direction the strength should come from the 
matrix. The matrix is mainly the glue for keeping the fibers in place. Walley et al. have studied 
compression behavior of Dyneema [17]. This effect comes from fiber kinking [18]. The material seams 
to behave the same in in-plane compression and in shear, with a weakening behavior instead of 
hardening. The material delaminates but the fiber does not break. The delamination is in the PU or in 
the connection between PU and Dyneema fiber. 

The orientation of the fiber seems to not be perfect. A lot of small errors make a kinking and buckling 
easy.  This makes it difficult to model. To create a material model for the tensile behavior is easy. The 
shearing can be modeled by damage model or a power law plastic model. The shearing is probably 
strain rate dependent. The matrix is PU and that is rate dependent [19]. 

The material is clearly transversely isotropic. Thus it is needed 6 material constants to describe the 
elastic behavior of the material. The only one not tested for in this work is shearing modulus for x-z = 
y-z. The shearing is uncoupled so it is possible to use a non-linear shear modulus like a power-law. It 
is also possible to add a dependency on the rate of shearing. In some papers what is called non-linear 
shear are used [20]. It is just a non-linear modulus using a polynomial to describe the relation 
between shear strain and shear stress. According to [21] the shear stiffness is similar for all three 
directions (4.6, 5.0 and 5.0). This is probably from that the matrix handles all shearing. The 
uninvestigated, in this report, shear behavior is the one that displaces the transverse layers. 

Anisotropic failure can be captured by classic Hill model or Hill derivatives. This will model the failure 
of the material. The Tsai-Wu model gives compression-tension dependency. The Tsai-Wu model uses 
a parameter for yielding that can be modeled to have a strain rate dependency. This is not necessary 
for normal stress but can be added for shearing. The Tsai-Wu should be able to work. To determine 
the equibiaxial constants should be very hard, considering the difficulty of the regular tests. One way 
might be to use a very thin sheet of the composite. That is something for future work. The difference 
in compression and tension could also be modeled with a damage criterion or by modelling layers of 
composite connected by cohesive layers. The simplest way would be to use the Hill criterion until the 
equibiaxial behavior can be investigated or the one dependent on hydrostatic stress. The Hill criterion 
offers the opportunity to make the normal stresses like von Mises. If isotropic hardening is assumed 
for the shearing plasticity it will look like the following. 

Equations of Hill´s 

𝐹(𝜎22 − 𝜎33)2 + 𝐺(𝜎33 − 𝜎11)2 + 𝐻(𝜎11 − 𝜎22)2 + 2𝐿𝜎23
2 + 2𝑀𝜎31

2 + 2𝑁𝜎12
2 = 1 (2) 

𝐹 = 𝐺 = 𝐻 =
1

2
→ 𝜎𝑠 = 𝜎𝑥,𝑓𝑎𝑖𝑙          (3) 

𝐿 = 𝑀 = 𝑁 → 𝜎𝑠 = 𝜎𝑥,𝑓𝑎𝑖𝑙 = √2 ∗ 𝐿 ∗ 𝜏12,𝑦𝑖𝑒𝑙𝑑         (4) 

→ 𝐿 = (
𝜎𝑥,𝑓𝑎𝑖𝑙

𝜏12,𝑦𝑖𝑒𝑙𝑑
)

2

/2      (5) 

To simulate in FEA one can use layers with tied connections [22]. The delamination of layer should be 
captured in some manner. The delamination seems to be essential to the success of Dyneema 
composite to stop projectiles. The delamination has been tested by [23] at the dynamic reign, for 
FRP. The delamination will hide the true behavior in tensile z direction. It is then possible to use the 
compressive stiffness as tensile also. 
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4. Results 

4.1. Tensile tests 
As mentioned before the tensile test has a linear elongation with a clear breaking point. This is how 
the fiber itself behaves at medium to fast strain rates. Following graphs clearly show no dependence 
of strain rate. The slightly lower values of the faster tests come probably from the bad clamping being 
worse at higher speeds. To say with certainty that the material is not strain rate dependent even 
faster tests are needed. Others have already shown that it is not rate dependent [6]. 

 

Figure 4.1: Ultimate strength [MPa] vs strain rate [1/s] 

 

Figure 4.2: Stiffness [MPa] vs strain rate [1/s] 
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The stiffness differences are much larger than the failure stress. The difference is as high as times 
two. It might be an error in how the tests were filmed or in the strain calculations. The stress failure 
graph shows less spread on the stress axis. This indicates that the tests do not have the same failure 
strain and thus the problem has to be connected with the strain measurement or the fastening. The 
following figures, 4.3 to 4.4, are showing the averaged strain profile. The average is made over the 
length, in y-direction. All the strain profiles are plotted over indexed time. 

 

Figure 4.3: Strain profile over time for C01. Left: z-y side. Right x-y side 

 

Figure 4.4: Strain profile over time for C01. Left: z-y side. Right x-y side 

The figures 4.3 and 4.4 indicate that the z-y side has a concave shape and x-y side has a convex shape. 
This might mean that the clamping force at the fastenings is not strong enough. Also for both sides it 
might be a damage behavior from the WJC. 

The following figures, 4.5 to 4.8, show the strain in two different time stages. The scales are different 
but it is still possible to note that the z-y side has a more heterogeneous strain field, while side x-y is 
more homogenous.  
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Figure 4.5: Strain on specimen C01 at stage 100, showing z-y side. Left: strain in z. Right: strain in y 

 

Figure 4.6: Strain on specimen C01 at stage 200, showing z-y side.  Left: strain in z. Right: strain in y 
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Figure 4.7: Strain on specimen C01 at stage 100, showing x-y side.  Left: strain in x. Right: strain in y 

 

Figure 4.8: Strain on specimen C01 at stage 200, showing x-y side.  Left: strain in x. Right: strain in y 

The average stiffness is equal to 41.9 GPa and the average strain at failure is 0.0125, this is close to 
[6]. If only side 2 is used the stiffness is 51.4 GPa. The stiffness was calculated by a least square fit 
using Matlab operator mldivide [24]. The fit can be seen on figures 4.10 to 4.20, as a black line. 

It is interesting to note that the broken tests have curly fibers at the end. Also of not so minor 
importance is that there is some kind of wave in the fastest test. The wave recorded the surface but 
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should be going through the material. 

The strain rate was calculated by a least square fit using Matlab operator mldivide [24]. The strains 
when compared show a regular Poisson’s ratio for x-y but strange for z-y. The Poisson’s ratio for z-y is 
negative. This is not unphysical and might stem from the geometrical construction of the composite. 
There might also be damage inside the composite that create this. The rollers could be pushing the 
material towards the middle so that it builds up and becomes thicker. The figure 4.9 from the strain 
calculation shows that this is not the case. As can be seen no strain concentration is gathered around 
the rollers. 

 

Figure 4.9: From left to right: Picture from camera, strain in y and strain in x 

Many tests started to break close to the rollers. The previous figure 4.9 falsify that the fastenings 
might create a bottleneck squishing the material between the cylinders. But the radius on the 
specimen takes longer to cut. With WJC a slower cutting speed makes the cut larger. This is why at 
the radius the waist is a little bit thinner. The areas close to the roller or in between have a slightly 
smaller area than the rest of the specimen. Side filming shows that layers break in different order for 
example that an arbitrary layer breaks first then another and another. This might indicate some 
failure from manufacturing or processing. Obviously the material has small differences like all 
material do, so maybe all is normal. 

The fitted strain rate from data is not the same as the expected. The expected strain rates were 
around one order of magnitude higher than the acquired. This is due to the fact that the body 
deforms inside the fastening and the nominal length is not the one expected. The fastest tests were 
0.1 𝑠−1. Others have found similar result for stiffness and failure strain [22], [25]. 

Linear interpolation is needed because the time base is different, 1024 for MTS and 1000 for camera. 
The function interp1 [26] from Matlab was used, the one with shorter step being extrapolated into 
the one with longer step. 
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The following figures, 4.10 to 4.17, show the results from the 7 mm thick tests. They are the averaged 
results over each series. They are labeled as slow, mid and fast. The mid category has also been made 
with control specimens cut out at 90 degree angle different from the other specimens. 

The strain is different on the side and front for 𝜀𝑦. That might be that the side gets so damage that 

the speckle calculation cannot be made further.  

 

Figure 4.10: The slow series, showing z-y side. Average strain rate = 0.0114 𝒔−𝟏 

 

Figure 4.11: The slow series, showing x-y side. Average strain rate = 0.0078 𝒔−𝟏 
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Figure 4.12: The medium fast series, showing z-y side. Average strain rate = 0.0706 𝒔−𝟏 

 

Figure 4.13: The medium fast series, showing x-y side. Average strain rate = 0.0498 𝒔−𝟏 
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Figure 4.14: The medium fast series, 90 degrees different, showing z-y side. Average strain rate = 0.0841 𝒔−𝟏 

 

 

Figure 4.15: The medium fast series, 90 degrees different, showing x-y side. Average strain rate = 0.0616 𝒔−𝟏 
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Figure 4.16: The fast series, showing z-y side. Average strain rate = 0.4446 𝒔−𝟏 

 

Figure 4.17: The fast series, showing x-y side. Average strain rate = 0.2627 𝒔−𝟏 

4.2. Shear tests 
The following figures, 4.18 to 4.20, are from shear tests. The data was processed as tensile tests but 
only 3 tests per speed. The fastest tests are similar to [6] and have the clear indication of orientation 
hardening. The slower tests have the same failure strain but are clearly different. 

Further investigation is needed to give good shearing behavior. 
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Figure 4.18: The slow shear series. Average shear strain rate = 2.552 𝒔−𝟏 

 

Figure 4.19: The medium fast shear series. Average shear strain rate = 6.669 𝒔−𝟏 
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Figure 4.20: The fast shear series. Average shear strain rate = 8.952 𝒔−𝟏 

Figure 4.21 shows the Hill criterion surface for plane stress with the principal stresses on each axis. 

 

Figure 4.21: Plane stress Hill criterion 
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The shearing will have a plastic behavior so the shear strength will grow proportionally with the 
effective plastic strain. L parameter can be used as yield parameter. It will then decrease from around 
5000 to 140. The waist on the yield surface will then get larger. 

4.3. Compression tests 
Compression test shows a small plastic deformation. It starts non-linear and packs the fibers into a 
tighter fit. Some fibers are pushed out. Then it is basically linear. The generated plastic strain in test 
D2 is 0.0176 the maximum strain is close to 0.1. The figure 4.22 shows a compression, D6, test as 
time elapses. The strain rate for the uni-axial compressive tests were 0.1  𝑠−1. 

 

Figure 4.22: Image series from compression test 

The figure 4.23 shows the stress strain relationship of the compression test. 

 

Figure 4.23: Left: specimen D2. Right: Specimen D6 
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5. Conclusions 
My aim with this thesis was to explain why the Dyneema composite is good for ballistic protection. It 
has proven to be a difficult task. Many others have tried with both better and worse results. Another 
goal was to propose how to model the material for finite element analysis. 

The machining of this material has been proven to be difficult. The indications are that it is possible to 
use WJC. The design must be reworked and investigated what design will get least damage from WJC. 
Considering the strength of the material in z direction a possible way is to use hydraulic clamps. This 
has not been used by either [6] or [25]. 

The compressive behavior of the material needs further study. The compressive behavior might be 
the reason for Dyneema’s ballistic performance. The compressive tests show that the fibers are 
pushed to the sides. This consumes energy and transport the plastic deformation to the sides. 

The correctness of the tests in this report seems similar to all the others. There is a need for a 
standard test so that it would be possible to evaluate the respective end producers of this material. 
Also the Aramis system should be further evaluated and benchmarked. 

The negative Poisson’s ratio might be correct and the reason for the ballistic behavior of Dyneema. In 
[27] auxetic substances are considered good for ballistic protection. 

The material response of the fibers and the matrix might not be that important for ballistic 
protection. The geometry and the buildup of the composite might be the important part. The 
unidirectional style composite has been carefully studied [10]. That leaves the interaction of the 
fibers and the matrix, the bond so to say. This phenomenon has not been studied by anyone. 

The fiber is strongly temperature dependent [28]. Temperature affects the shape yield strength and 
stiffness. It has a negative coefficient of expansion, leading to fiber pullout at very low temperatures. 
The composite has been evaluated at elevated operation temperature [29]. 

The Poisson’s ratio of the material can be compared with the data from the sources. Each source has 
its own value. According to [21] it should be 0, 0.1 and 0.5; 0.0238, 0.0188 and 0.0188 from [25] and 
again different from [22] 0.5183, 0.5183 and 0.0269. This clearly indicates that there is no common 
standard. When all use their own methods and own local producer it is not trivial to make a 
comparison. 

According to [19] PU is strain rate dependent. The question is how similar it is to Dyneema PU. 
Looking at Dyneema composite one sees that the fiber is linear so then the matrix must be no-linear, 
see [6]. This would then imply that it is needed to succeed with the fast strain rates as was the 
intension of this work. The point is that the material is used for ballistic protection, where the 
deformation is very fast. One way is to use virgin PU, of right quality, and put it to the test. The PU can 
be tested before and after being treated as during the manufacturing of Dyneema. The fiber has been 
extensively studied. This is good and gives the possibility to, when PU behavior is known, simulate at 
small scale level. 

The work by [22] gives a good method for how to simulate this material. It is possible to expand on 
the depth of the material model that they have used, adding a non-linear shear behavior for example. 
It is a start to standardize the Dyneema simulation. 

It might be a good idea to look at how paper is modeled. Dislocation hardening has been investigated 
by [30]. This gives the possibility to create a complex yield surface that would fit Dyneema. Paper has 
been successfully modeled with this type of hardening model. In a way Dyneema has a similar type of 
buildup. 
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7. Appendix 
Table 1 

 area angle Test 
length 

Used? shutter fps start [s] mm/s facet step 

1 12,06 0/90 34  1/? 2500  3,4   

2 12,142 0/90 34  1/fps 10000 0,2 34 19 15 

3 12,385 0/90 34 x 1/5000 2500 0,76 3,4 19 15 

4 12,179 0/90 34 x 1/5000 2500 0,76 3,4 19 15 

5 12,643 0/90 34 x 1/fps 7000 0,107143 34 19 15 

6 12,323 0/90 34 x 1/fps 7000 0,271429 34 19 15 

7 11,928 0/90 34 x 1/fps 7000 0,157143 34 19 15 

10 12,074 0/90 34   10000 0,2 34 19 15 

11 12,234 0/90 14  1/fps 20000 0,07865 120   

14 12,288 0/90 14  1/fps 10000 0,075 120 40 20 

15 12,137 0/90 14  1/fps 10000 0,05 120 40 20 

16 12,463 0/90 14  1/fps 10000 0,0645 120 40 20 

17 11,974 0/90 14  1/fps 10000 0,05 120 40 20 

18 11,707 0/90 14  1/fps 10000 0,05 120 40 20 

22 12,107 45 34 x 1/5000 2500 0,92 3,4 19 15 

23 12,211 45 34 x 1/fps 2500 1,2 3,4 19 15 

24 12,236 45 34 x 1/fps 2500 1 3,4 19 15 

25 12,273 45 34 x 1/fps 7000 0,214286 34 19 15 

26 12,161 45 34 x 1/fps 7000 0 34 19 15 

27 12,562 45 34 x 1/fps 7000 0,128571 34 19 15 

31 12,453 45 14  1/fps 10000 0,07 120 40 20 

32 12,056 45 14  1/fps 10000 0,08 120 40 20 

33 12,42 45 14  1/fps 10000 0,07 120 40 20 

34 11,966 45 14  1/fps 10000 0,07 120 40 20 

35 11,949 45 14  1/fps 10000 0,08 120 40 20 

37 12,286 45 14 x 1/fps 10000 0,02 140 19 15 

38 12,432 45 14 x 1/fps 10000 0,02 140 19 15 

39 12,256 54 14 x 1/fps 10000 0,02 140 19 15 

A01  0/90 14  ? 10000  140   

A02 52,84 0/90 14  1/241000 10000  140   

A03 53,218 0/90 14     140   
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A04 52,612 0/90 14 x 1/241000 10000 0,05 140 19 15 

A05 51,979 0/90 14 x 1/241000 10000 0,05 140 19 15 

A06 52,126 0/90 14 x 1/241000 10000 0,05 140 19 15 

A07 52,015 0/90 14 x 1/241000 10000 0,05 140 19 15 

A08 52,533 0/90 14 x 1/241000 10000 0,05 140 19 15 

B01 52,815 0/90 34 x 1/fps 7000 0,05 34 19 15 

B02 53,029 0/90 34 x 1/fps 7000 0,2 34 19 15 

B03 51,524 0/90 34     34   

B04 52,823 0/90 34 x 1/fps 7000 0,2 34 19 15 

B05 52,607 0/90 34 x 1/7000 2500 0,36 3,4 19 15 

B06 52,998 0/90 34 x    3,4   

B07 51,406 0/90 34 x 1/7000 2500 0,36 3,4 19 15 

B08 52,31 0/90 34 x 1/7000 2500 0,4 3,4 19 15 

C01 50,496 90/0 34 x 1/fps 7000 0,1 34 19 15 

C02 50,723 90/0 34 x 1/fps 7000 0,1 34 19 15 

C03 50,6 90/0 34 x 1/fps 7000 0,1 34 19 15 

C04 51,394 90/0 34 x 1/fps 7000 0,1 34 19 15 

D02 76,658   x  1000 1,2  19 15 

D03 77,148     1000 0,9  19 15 

D05 76,589     1000 2,7  19 15 

D06 76,496   x  1000 0,4  19 15 
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