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Abstract- The current paper is concerned with testing of polyurethane foam in both static and dynamic conditions. The 
cylindrical samples were made of an EUROPLASTIC polyurethane foam grade of 0,077 g/cm3 density. Tests data were 
mathematically processed in order to draw characteristic tension vs. volumetric strain curves. The tests results reveal the 
ability of foam to suffer volumetric compression over 80%. The comparison of static and dynamic tests results also highlight 
the presence of viscosity that manifests by increase of foam strength in dynamic crush. For dynamic tests the dissipated 
energy was calculated. 
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I. INTRODUCTION 
 
Over the past decades, considerable research has been 
carried out on the blast attenuation. Research has 
been focused on identifying effective mechanisms for 
blast energy dissipation using blast-mitigating 
materials [1]. The various proposed solutions include 
use of various media like energy-absorbing or 
energy-dissipating foams, liquids encapsulated in 
elastic shells, textiles, resin-bonded aggregates, 
cellular materials, perforated plates, honeycomb 
structures, and granular media [1]. 
 
Polyurethane foam studied in this paper is energy-
dissipating foam that may suffer a volumetric strain, a 
property which makes it an excellent candidate for 
blast load attenuation applications. With respect to 
materials that allow consistent volumetric 
deformation there are two major categories [2]: (1) 
materials that have no distinct yield point 
(plastoelastic materials) and (2) materials possessing 
a distinct yield point (elastoplastic materials). The 
studied polyurethane foam falls in second category. 
For a large loaded area, as in blast-loading scenario, 
can be assumed that the crushable foam layer is 
laterally confined and the only displacements that 
occur are in the loading direction. By admitting this 
assumption of lateral restraint, the specific behavior 
of foam can be represented in stress-strain curves, 
Figure 1. A stress-strain curve is a useful tool in 
evaluation of energy-dissipating capability of foam, 
Figure 2.  
 
The objective of our program test is to obtain 
information regarding the specific stress-strain 
relation that characterize the studied polyurethane 
foam and its specific capacity to dissipate kinetic 
energy. 

 
Fig. 1  Stress-strain relations for an elastoplastic material 

(liniar-plastic-liniar) 
 

 
Fig. 2 Dissipated energy and rebound energy for an ideal 

elastoplastic material 
 
II. TEST PROGRAM 
 
Both static and dynamic tests were conducted in 
Military Technical Academy laboratories. Cylindrical 
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specimens of 47 mm diameter and 27,5 height were 
obtained from EUROPLASTIC foam plates of 0,077 
g/cm3 density.   
Static tests were conducted on TC-100 universal 
testing machine with an additional HBM S2 force 
transducer for an accurate data acquisition in 0 - 1kN 
range. The polyurethane foam samples were 
subjected to an uniaxial compression test without 
constraint, Figure 3.  The compression force and the 
displacement of machine were recorded during 
experiments, Figure 4.  
 

 
Fig. 3 Uniaxial compression test 

 

 
Fig. 4 Force vs. Displacement (kN/mm) 

 
A Split Hopkinson Pressure Bar air launcher was 
used to accelerate an aluminum projectile of 0,5 kg in 
order to obtain a dynamic loading of samples. The 
even loading of sample at impact was assured by the 
cylindrical head of the projectile. The foam sample 
was attached to a cylindrical support in the front of 
barrel muzzle. The support was fixed to a rigid frame 
through a force transducer that was used to acquire 
data during tests. 

 
Fig. 5 Test set up and XTREAM camera 

A XTREAM high speed camera had recorded all tests 
at 1000 frames per second, Figure 5. For 
measurement purposes a graded scale was placed 
along the barrel axis. The force transducer had 
acquired the force. Typical shape of force transducer 
signal acquired is showed in Figure. 6 

 

 
Fig. 6 Force vs. time (kN/s) 

 

 
Fig.7 XTREAM camera frame captured during tests 

 
III. EXPERIMENTAL DATA PROCESSING. 
DISCUSSION 
 
Experimental data of static test were processed and 
stress-volumetric strain curves, shown in Figure 8, 
were obtained.  
The observed mechanical behavior of polyurethane 
foam is non-ideal elastoplastic, with a yield point at 
5%. The plastic state is characterized by a steady 
increasing stress (from 0,2 – to 0,5 kN) and over 40% 
strain the blocking phenomena manifests. Post test 
measurements of samples heights indicated the elastic 
rebound of sample. This demonstrates the existence 
of rebound energy and the fact that not all absorbed 
energy is dissipated in sample crushing process. The 
TC-100 machine setting options allow the recording 
of loading curve only and the amount of rebound 
energy cannot be calculated. 
The acquired data and the frames captured during 
dynamic tests allow determination of some  
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Fig. 8 Stress vs. Volumetric strain (MPa/%) 

 
results and parameters included in Table 1. Impact 
and rebound velocities measurement by camera 
means give clear information on the energy dissipated 
trough foam crush, as long as in loading phase the 
entire impact energy is absorbed by sample and in the 
unloading phase the rebound energy is transferred 
back to projectile. Captured frames also allow 
measurement of sample minimum height at the end of 
loading phase and calculation of correspondent 
maximum volumetric strain. The sample final height 
and final strain are given by post test measurement 
and the maximum force, loading and unloading 
phases by the transducer acquired data. 
Although the measurements indicate a relatively 
broad range of maxim volumetric strains, between 
63% and 88%, all calculated dissipated energy 
percentages fall close to 90% value. Still a slightly 
increasing tendency of dissipated energy percentage 
in respect of impact velocity is noted. Having known 
the samples dimensions and density, the foam 
specific capacity to dissipate kinetic energy is 
approximately 0.844 J/cm3 for 80% volumetric strain 
and 1.26 J/cm3 for 90% volumetric strain. The same 
characteristic can be related to mass, the results 
indicating a 10.95 J/g specific capacity to dissipate 

kinetic energy for 80% volumetric strain, respectively 
16.43 J/g for 90% volumetric strain. 
In all dynamic tests the recovered height (difference 
between minimum height and final height of sample) 
is considerably larger than of recovered height in 
static tests. A recovered height dependency with 
impact velocity, respectively with maximum 
volumetric strain, is also noted. 
The force transducer produces for each valid test a 
row of force values with a correspondent time row 
data. Admitting the assumptions of sample dynamic 
equilibrium, and homogenous sample deformation, 
and motionless target and using the momentum 
theorem and rectilinear motion equation applied to 
the process of projectile deceleration, the projectile 
velocity and the space traveled by it are given by 
following two equations: 
 

 

 
where the projectile mass, m,  initial impact velocity, 
v,  and data rows Fn and tn are known. 
 

Table 1 Experimental results of dynamic tests 

 

From the entire acquired data rows of a test is 
selected only the segment that correspond to the 

loading phase, from the moment of force raising till 
the moment of maximum value, which correspond to 
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first contact of projectile with sample, respectively to 
begining of the projectile reverse motion. 
The diagram of Fig. 9 compares the measured force 
vs. displacement curves in static tests with calculated 
force vs. displacement curves in dynamic tests 
following the above mentioned algorithm. Although 
the forces measured in dynamic tests become larger 
for displacements over 8 mm. at the beginning of 
crush process the force curves for static test are 
higher. The apparent softening of material in the early 
steps of crush’s process in an unexpected result and 
may be explained by unwanted inertia effect on 

transducer. In this case the measured values for this 
phase are erroneous and cannot be further used for a 
stress-strain curve draw. On the other hand, if we 
compare the value of absorbed energy mean for 78% 
strain in static tests. 23.56 J. with 44.89 J that 
represents the impact energy of dynamic test no. 4 
which is absorbed by sample through deformation till 
a maximum strain of 78%, we note that in dynamic 
loading the foam capacity to absorb energy is almost 
twice higher. This enhancement of material strength 
is given by the viscosity which makes material 
behavior sensitive to strain rate. 

 

 
Fig. 9  Dynamic vs. Static curves (kN/mm) 

 
CONCLUSIONS 
 
The information regarding the specific stress-strain 
relation that characterize the studied polyurethane 
foam and its specific capacity de dissipate kinetic 
energy were obtained. The specific strain stress 
curves were plotted for static loading. Dynamic tests 
indicate an absorption capacity twice higher than in 
static tests. The phenomenon is justified by the 
material sensitivity to strain rate. The dynamic test 
setup does not allow a reliable force data acquisition 
as long as transducer was affected by inertia. As 
consequence no stress-strain curves for dynamic 
loading were plotted. 
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