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Abstract- When a building or magazine is exploded, plenty of building debris are generated. The debris generated due to the 
explosion flies with high kinetic energy. The shape, size, speed, discharge angle and material of the debris is various. The 
debris can significantly damage buildings and people. The phenomenon that the debris bounces from the ground is called 
ricochet. The ricochet increases the moving distance of the debris and can be dangerous. In this study, the behavior of the 
debris after the ricochet is investigated, depending on the size, material, shape and the impact speed. Also, the behavior after 
ricocheting from various material. It was found that the behavior after ricochet differs for different material and is dependent of 
the characteristics of the material. The ricochet speed decreases with the incident angle. Also, the ricochet speed increases with 
the incident speed. The concrete cube with a steel bar has higher energy loss because it has a bar that creates higher resistance. 
The safe distance can be more accurate if the ricochet is considered. By estimating the debris distance, the damage to people 
and buildings from the exploded building can be minimized.  
 
Index Terms- Ricochet, Building debris,  Sand, Concrete,  
 
I. INTRODUCTION 
 
When a building or magazine is exploded, plenty of 
building debris are generated. The debris generated 
due to the explosion flies with high kinetic energy. The 
shape, size, speed, discharge angle and material of the 
debris is various. The debris can significantly damage 
buildings and people. The phenomenon that the debris 
bounces from the ground is called ricochet. The 
ricochet increases the moving distance of the debris 
and can be dangerous. The ricochet is affected by 
many factors such as the size, mass, shape of the 
debris, the impact angle, and the wind speed. The 
ground material affects the ricochet as well. [1-5] 
In this study, the behavior of the debris after the 
ricochet is investigated, depending on the size, 
material, shape and the impact speed. Also, the 
behavior after ricocheting from various material. From 
this study, more accurate distance of the debris is 
investigated, and the damage due to the debris can be 
minimized. 
 
II. RICOCHET PHENOMENON 
When the debris collides with the ground, the 
repulsive force occurs, depending on the incident 
angle and speed. If the repulsive force is greater than 
the weight of the debris, the debris bounces. This is 
called ricochet. As shown in Fig. 1, a body of mass M 
collide with the ground surface, at an incident angle of 
α and the orientation angle of β.[1] When the body 
collides with material, the force is expressed as 

 
Fig. 1 The incident angle and orientation angle of a body 

  (1) 
 

Where  is a unit vector normal to the body surface, 

 is a unit vector parallel to the surface. The governing 
equation is expressed as 
 

(2) 
 
For ricochet experiment, sand and concrete was 
selected as the material. The shape of the debris is a 
ball, cube and cube with a bar. The diameter of the ball 
is 10mm.  
 
The ricochet experimental apparatus is shown in Fig. 
2. The debris is discharged by an air tacker. The air 
pressure that is used to discharge the debris was varied 
as 4, 5 and 6 bar. The experiments were done three 
times. The material of the debris was AISI 4349 Steel, 
and the density was 7850kg/m3.  

 
Fig. 2 Experimental apparatus of ricochet 
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III. EXPERIMENTAL RESULTS 
 
3.1 Ricochet for sand material and steel cube  
Sand of big particles was used, and the steel cube was 
used. Fig. 3 shows the speed of the cube of 20mm 
diameter after ricochet for various pressures and 
incident angles. As the incident speed increases, the 
ricochet speed increases. The ricochet speed decreases 
with the incident angle.   

 
Fig. 3 The speed of the cube of 20mm after ricochet 

 
3.2 Ricochet for concrete material and steel ball  
The material was concrete and the steel ball was used. 
Fig. 4 shows the speed of the cube of 20mm diameter 
after ricochet for various pressures and incident 
angles. Similar to the cube result, the ricochet speed 
decreases with the incident angle. Also, the ricochet 
speed increases with the incident speed.  
Under the same condition, ricochet did not occur when 
the material was sand and the incident angle was 25°. 
Ricochet occurred when the incident angle was 20°. 
However, the ricochet speed was very low. Since 
concrete is very hard, the debris ricocheted when it 
collided with the concrete. Because the area of contact 
between the debris and the concrete is small and the 
time of contact is short, little energy is lost. Thus, the 
energy loss rate is small for concrete material.  

 

 
Fig. 4 The speed of the ball of 10mm diameter after ricochet 

 
3.3 Ricochet for concrete material and steel cube  
The material was concrete and the steel ball cube used. 
Fig. 5 shows the speed of the cube of 20mm after 
ricochet for various pressures and incident angles. 
Similar to the previous result, the ricochet speed 

decreases with the incident angle. Also, the ricochet 
speed increases with the incident speed.  

 
Fig. 5 The speed of the cube of 20mm after ricochet 

 
3.4 Ricochet for concrete material and concrete 
cube with a steel bar  
The material was sand and the concrete cube with a 
steel bar used as shown in Fig. 5. The steel bar was 
6mm diameter and 10mm length. A realistic debris can 
have a steel bar.  
The incident angle was 15°, and the air pressure was 
6bar. Table 1 shows the speeds before and after the 
ricochet, and the speed reduction rate for concrete 
cube and concrete cube with a steel bar.  
 

 
Fig. 5 Concrete cube with a steel bar 

 
Table 1 Speeds before and after ricochet and speed reduction 

rate for two cubes 
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As shown in the table, the concrete cube with a bar has 
higher speed reduction rate. This is because more 
resistance occurs due to the protruded bar. More 
energy loss occurs, and the concrete cube with a bar 
has lower speed after ricochet.  
 
CONCLUSIONS 
 
The purpose of this study is reset of the safe distance 
from debris by considering ricochet. The following 
conclusions were drawn: 
 
- Although the same debris is used, the behavior after 
ricochet differs for different material. The behavior is 
dependent of the characteristics of the material.  
- The ricochet speed decreases with the incident 
angle. Also, the ricochet speed increases with the 
incident speed. 
- The concrete cube with a steel bar has higher energy 
loss because it has a bar that creates higher resistance.  
The safe distance can be more accurate if the ricochet 
is considered. When a building that has high explosion 
possibility is designed, the damage can be minimized 
by selecting material that can maximize the energy 
loss. Also, by estimating the debris distance, the 

damage to people and buildings from the exploded 
building can be minimized.  
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