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ABSTRACT 

This paper describes the small scale soft missile impact tests. The purpose of the test program 
is to provide data for the calibration of the numerical simulation models for impact simulation.  In the 
experiments, both dry and fluid filled missiles are used.  

The tests with fluid filled missiles investigate the release speed and the droplet size of the fluid 
release. This data is important in quantifying the fire hazard of flammable liquid after the release. The 
spray release velocity and droplet size are also input data for analytical and numerical simulation of 
the liquid spread in the impact.  

The behaviour of the impact target is the second investigative goal of the test program. The 
response of reinforced and pre-stressed concrete walls is studied with the aid of displacement and 
strain monitoring. 

 

1 INTRODUCTION 

Deformations of soft missile impacting on relatively hard concrete slab and failure mechanisms 
of concrete slab are investigated in medium scale impact tests under way at the Technical Research 
Centre of Finland. The missiles are shot on a reinforced concrete slab or on a rigid force-
measurement plate. The pneumatic gun accelerates the missiles against the vertical target. The 
missile slides on rails above the gun barrel; they are during the acceleration period. The release of the 
compressed air is carried out with the aid a rupture disk. The supporting frame of the concrete slab is 
designed for minimum displacement. The above the barrel launch enables the possibility of variable 
geometry of the missile. The possibility to shoot missiles containing liquid has also been provided for. 
In wet missile tests the initial release velocity of the liquid droplets in the impact as well as the extent 
of the liquid spreading area has been studied.  

 
The missiles shot until current time have been cylinder shaped steel or aluminium pipes. The 

axial mass and rigidity distribution of the missiles had been varied. The range for the missile mass has 
been from 50 to 100 kg and the range for impact velocity has been from 50 m/s to 150 m/s. The 
missile the velocity, the force-time function during the impact, the concrete slab displacements and 
strains in the reinforcement of the concrete slab had been monitored during the tests. High speed 
photography is used record the tests visually. At this point of time tests numbered #601 - #689 had 
been carried out so that the total number of test is about 90.  

2 DESCRIPTION OF THE TEST SETUP 

The requirements for the test facility were specified as follows. In the first place the impact tests 
should be devised to obtain information on impact force-time function in case of the soft missile 
impacting against a rigid wall. Secondly, the validity of the published softening factors used to 
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determine the penetration depth of deformable missiles using correlations derived from hard missile 
data should be investigated. Thirdly, the effect of multiple small-sized hard missiles coupled with the 
effect of large soft missile impact should be studied. Fourthly, the failure modes of a concrete wall due 
to impacting missile and release and spreading of liquid contained within the missile are researched. 
Lastly, the shedding of the missile debris after an impact is studied. 

The test setup is depicted in the Figures 1 and 2:.  

 
Figure 1  The schematic test set-up 

 
 
Figure 2  The photograph of test set-up  
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The length of the aluminium test missile #673 was 1800 mm; the pipe diameter was 250mm and 

the wall thickness of the pipe was 5mm. The mass of the missile in test #673 was 50 kg and the 
impact velocity was 127 m/s. The schematic presentation of the typical test missile #673 is given in 
Fig. 3: 

 

 
 
Figure 3  Dry aluminium missile shot in test #673 
 
The thickness of the target slab is 150 mm. In the Figure  4,  the target reinforced concrete 

target slab  used in the test #673 and its geometrical dimensions are depicted: 
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Figure 4  Location of displacement sensors 1- 5 in the backside of test slab  #673  
The measuring devices used in the tests are displacement sensors shock accelerometers, 

strain gauges and force transducers. The back-up system for measuring the impact forces are the  
strain gauges installed on the supporting pipes behind the wall. The speed of the missile is measured 
with laser equipments in front of the target wall. The second system for measuring the impact speed of 
the missile is the pressure sensor array installed inside the acceleration tube. 

All the data values are collected using National Instruments PXI-1000B rack with 2 PXI 4472B 
data acquisition cards. The sampling frequency is 102.4 kHz with anti-aliasing frequency of 50 kHz. 
The data is saved onto the hard drive of the PC for subsequent analysis. 
The results of the material tests carried out for concrete slab at test #673 are depicted in the Figure 5: 

 
Figure 5  Material properties of test slab  #673 
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3 SIMULATION MODELING 

The amount of longitudinal reinforcement in both faces of the slab and in both directions is 0.7 
% of the concrete cross-sectional area. The slab is also reinforced wit transversal stirrups in the 
horizontal direction. The shell model used in simulating the test #673 is depicted in Figure 6. 

 

 
Figure 6  The shell model of the impacting missile and  of the target slab  at test #673 
 
Summary of MSC/DYTRAN shell model characteristics is as follows: (1) Concrete: Equivalent von 
Mises material; (2) Rebars: von Mises material; (3) Aluminum missile: von Mises material; (4) 
master/slave contact on slab/missile interface; (5) Missile discretization : 835 shell elements; (6) 
Concrete slab discretization : 5878 shell elements & 3872 hexahedral elements; (7) Rebars & stirrups 
discretization : 11966 rod elements; (8) Total number  of degrees of freedom in  the model is 42 000. 

 

4 RESULTS 

The displacement distribution at the time 10 milliseconds after the begin of the impact is shown 
in Figure 7 and the displacement histories for the first 10 milliseconds during the impact in the impact 
center  in Front and back of the slab are shown in the Figure 8:  
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Figure 7  Displacement distribution at 10 millisecond point at test #673 

 
Figure 7  Displacement histories in the front and back of the slab up to 10 msec point at 
test #673 
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5 CONCLUSIONS 

As a conclusion of this blind prediction simulation effort we can state that the perforation of the 
slab is not be expected in the test according to the results of numerical simulation. The maximum 
expected displacements of the target slab are about the order of the slab thickness 
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