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Abstract- Nowadays the improvised explosive device (IED) threat becomes the most favorite weapon of insurgents in their 
combat actions and represents the most important aspect in the future generations design of military vehicles. This paper 
presents an experimental study upon a scale structure regarding the advantages of using a multi-layer structure, metallic 
material (steel) - granular material (perlite), in mitigation of the explosion effects on a structure representing the vehicle 
floor. The quantitative and qualitative changes on the behavior of a plane plate subjected to the action of a shock wave, by 
adding a layer of granular material – perlite, is analyzed, and the occurrence of impulse mitigation is demonstrated and 
measured. 
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I. INTRODUCTION 
 
This article analyze a technical solution to one of the 
most pressing problems of the military forces 
deployed in peace keeping mission or involved in 
asymmetric conflicts: IED attacks on vehicles [1].  
Previous generations of military vehicles for both 
transport troops and fight had a simple design, with 
floor heights not exceeding 500 mm, made of armor 
steel, solution that hasn’t the capability to support 
mines and IED's action. 
The published literature covers a wide range of 
technical solutions that use various ballistic materials 
and structures, from very hard materials, like 
ceramics to soft-crushable layers [2]. 
Is an obvious conclusion that the solutions chosen to 
equip vehicles have to present the ability to reduce 
the momentum transferred to the vehicles structure. 
The most common solutions imply V-shaped plates 
or sacrificial layers. The sacrificial layers dissipate 
the blast energy through their crush. Being a cost 
effective solution, the granular media remain a good 
candidate for this task. A granular material is a 
conglomeration of discrete macroscopic solid 
particles, characterized by energydissipation 
whenever the particles interact. 
In our study we had used bags of expanded perlite as 
sacrificial layers. Expanded perlite, an amorphous 
volcanic glass is a granular inorganic material, with 
medium hardness, good plasticity and lower 
resistance, which possess the property to undergo 
significant structural changes under thermal load. The 
modified structure combines high porosity and low 
density with a granular state [3]. 
As regarding the testing procedures of the new 
protection solutions, the designed concepts are 
usually tested in labs or ballistic ranges [4, 5]. 
One of the most complex testing procedures in 
evaluation of vehicles behavior at mine action is 
defined in STANAG 4569. The main disadvantage of 

this procedure is the necessity to conduct experiments 
at real scale.  
A more accessible approach that is often used is 
small-scale set-up [6, 7]. Being aware of the practical 
utility of small-scale tests,our work was focused on 
this experimental approach and a test set-up able to 
measure and record in real time the accelerations, 
overpressure and the entire movement of structure 
was developed. 
 
II. EXPERIMENTAL SET-UP 
 
In order to evaluate the effects of an underbelly 
sacrificial layer made from perlite on the local and 
global response of a structure that simulate a vehicle 
subjected to a mine blast, a small-scale test was set-
up. 
The structures incorporate a thin deformable plate 
that served both as witness plate and back-up layer. 
 
2.1. Tested materials  
Crushable layer-perlite 
The correspondent mechanical behavior of perlite, 
typical for a plastic-elastic crushable material, 
provides a damping effect of the shock wave when 
perlite is exposed to explosive charge. 
An important observation about the behavior of 
perlite is the material dependency on its origin and 
specific manufacture procedure [4]. The 
characteristics of the granular material used in our 
tests are shown in Fig. 1 [4]. 
 
Perlite has a complex behavior due to its granular 
state and the porosity of the particles, and all 
mechanisms of energy dissipation are reflected in 
compression volumetric strain curve (fig. 1b). The 
specific potential of perlite to absorb energy when is 
subjected to blast loads is given by the area under this 
curve [4]. 
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Fig. 1. Perlite characteristics: a) Microscopic view of perlite 

particles, b) Compression-strain characteristic curve  for 
expanded perlite of 0.0632 g/cm3 density 

 
The bilayer structure was realized from a 2 mm OL50 
mild steel plate as back-up layer and a quantity of 400 
g perlite wrapped on a round hermetic bag of plastic 
foil. The bag diameter was roughly around 100 mm 
(Fig 2.). 

 
Fig. 2.  Carrying bags of perlite for bilayer structure 

 
Back-up layer – OL50 mild steel 
As a witness plate a 2 mm OL50 mild steel plate was 
used. This relatively soft steel was chosen to the 
detriment of regular armor steel exactly for its small 
yield tension value. This characteristic will give 
larger deformation of OL50 plates than armor plates 
for similar loads.  

Table 2 OL50 mechanical caracteristics at 20°C 
function of product dimensions 

 
Other characteristics: 10 220,1 10 N mE   ,

10 28, 25 10 N mG     and the hardness after heat 
treatment  160...200 HBD  . 
2.2. Experimental procedures 
The experimental research was conducted in Jegălia 
Experiences Army Shooting Range. The used test rig 
was a metal structure capable to withstand the blast 
loading of a quantity of 100 g TNT and simulate a 
vehicle of 11t weight at scale of 1: 6.  The structure 
will allow clamping the witness test plates and 
facilitate the recording of overpressure, acceleration 
and transmitted pulse to structure by measuring the 
maximum height reached by structure during the test. 
In order to clamp plate with screws on the plate sides 
(fig 3a) a series of holes were made. For the tests with 
perlite bags, these bags were axial attached under the 
witness plates (fig 3b).  

 

 
Fig. 3.  a) Standard plate, b) Bilayer plate: metal – granular 

material 
 
The explosive material used for testing was a plastic 
explosive, C-4. It was prepared in cylindrical block of 
22 mm radius. The 30 g weight of the charge was 
calculated based on the 3B STANAG Protection level 
and the actual scaling factor s=6. The charge was 
encapsulated in polystyrene envelope and then fixed 
in the special steel-pot as described in the STANAG 
standard. Preparation steps are shown in Fig. 4. The 
detonation was initiated with a blast cap. 

 

 
Fig. 4.   The phases of the explosive charge preparation 

 
The steel-pot with explosive charge was placed on the 
soil surface under the center of the structure.Fig. 5 
presents the fully equipped test rig for reference test 
(without perlite). Fig. 6 presents the fully equipped 
test bench for bilayer tests (with perlite). 

 
Fig. 5.  Test set-up 

 

 

 
Fig. 6. Test set-up for testing bilayer structure: OL50 mild 

steel-perlite 
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The final dimensions resulted from the scaling 
process [1] for test set-up are shown in Table 2.  

 
Table 2 Dimensions for tested structures 

 
 
The stand was equippedwith accelerometers and 
pressure transducers. For data acquisition was used 
aPicoScope® 6 - PC Oscilloscope acquisition system. 
Furthermore a high speeed camera wasused to record 
images during tests. In Fig. 7 is presented the 
equipment used for the investigation and their 
location on the stand.  
The pressure transducer (PCB 102B06) is mounted 
above the center of the tested plate. The transducer 
was mounted in a face-on position.  In so-called face-
on measurements, the sensitive surface of a pressure 
transducer is positioned parallel to the blast wave 
front, so that the pressure behind the reflected wave is 
actually measured.  The chosen location of pressure 
transducer has allowed us the measurement of 
overpressure that is transmitted behind the witness 
plate. 
The accelerometer (PCB 350B21) is mounted on the 
test rig edge in the center on the side.  

 
Fig. 7.  Sensors positions 

 
For both set-up, normal plate and bilayer plate, 2 
testswere performed. 
 
III. RESULTS AND DISCUSSION 
 
After performing the tests, it was analyzed in which 
manner the plate was affected by the impulse 
transferred to structure. All tested plates have 
suffered deformation with a dishingpattern in central 
area, wright above the charge. Each tested plate was 
measured in respect of maximum permanent 

deflection. The measurements results are presented in 
Table 3. 
Fig. 8 presents the pattern deformationof plates 
subjected to explosions. 

 
Fig. 8. The explosion effects on: a) the standard plate, b) plate 

metal-granular material 
 
For each performed test were recorded images with 
high speed camera. In Fig. 9 is presented a typical 
image captured by camera. These images allowed us 
the estimation of the maximum height reached by 
structure after the blast load. The measurements 
results are presented in Table 3. 
 

 Fig. 9. The explosion phenomenon surprised with high speed 
camera for standard plate testing 

 
Data acquired by accelerometer and pressure 
transducer were recorded to be analyzed and further 
processed. Each signal had independent trigger. 
Acceleration signals were processed using Mathcad 
software, and the evolution of the ascending velocity 
of structure as result of impulse transfer by 
integrating acceleration signals is calculated.  The 
velocity evolution comparison for all 4 tests is 
presented in Fig. 10 for 40 ms.The red color indicates 
reference tests and green color the perlite tests. It is 
observed that the green curves are generally at a 
lower level.   
As regarding the overpressure measured by 
transducer for one perlite test the signal acquired was 
affected and cannot be used.  The overpressure 
evolution comparison for the others three tests is 
presented in Fig. 11. Considering that after 
approximately 1.5-2 ms the shock wave surrounds the 
test bench, acting on the pressure transducer from 
several directions, the evolution of these signals is 
presented only for the first 1.5 ms. 
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Fig. 10.  Comparative velocity evolution 

 
Fig. 11. Comparative overpressure evolution 

 
Table 3 Analysis of test results for tested solutions 

 
 

From an analysis of the results in terms of over 
pressure attenuation, it can be observed a different 
evolution in the case of metal plate-perlite layer.    
A synthesis of test results in terms of maximum 
overpressure, impulse, jump height, initial velocity, 
and maximum permanent displacement are given in 
Table 3. For each parameter a medium value was 
calculated.A comparative analysis of parameters 
shows an obvious mitigation of the destructive effects 
in the presence of perlite bag. It was found that the 
impulse transferred to metal plate is 20% lower for 
the bilayer configuration andthe measured jump 
height is 28% lower. The tests results indicate a good 
capacity of perlite to mitigate blast waves. 
 
CONCLUSIONS 
 
Small-scale testing procedure has showed its utility 
by giving useful information on the structure blast 
loading process. The transducers recorded data and 
captured images allowed the highlight of 
improvements that the perlite layer presence have on 
the structure response. The results indicate the 
capacity of perlite to mitigate the impulse transferred 
to structure with more than 20%. A full scale test 
with this type of structure could provide further 
information that would allow the introduction into 
practice of such solutions. 
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