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Impact experiments were performed using flat wooden targets with different physical 
properties. In all these ricochet experiments 7.65 mm Browning projectiles were used. As a 
function of the incident angle the ricochet angle and the deflection angle have been 
determined. In general, the deflection angle  is related to the spin of the projectile. Our 
experiments show that this deflection is also related to the hardness of the target material 
and the direction of the grain of the wood. It is observed that the apparent ricochet angle can 
be larger than the incident angle. These results are reproducible and consistent with earlier 
results reported in literature. In addition, this phenomenon is well known in forensic studies 
of impact phenomena on soft targets. However, it is rarely described in other ballistic 
studies. In this paper we will give an explanation of this interesting phenomenon. It is 
associated with the shape of the crater. 

 
 

INTRODUCTION 
 
For centuries wood has been a popular and common material for construction and 

furniture [1]. Bullets fired in urban environments are likely to hit wooden targets. 
Oblique impacts, with or without ricochet, are more likely than impacts normal to 
surfaces. Ricochet requires a terminal velocity component of the projectile opposite to 
that of the initial speed in the direction normal to the surface. This interesting 
phenomenon is well known and has been studied in literature [2-15]. 

Figure 1 shows the projectile trajectory of a ricocheting bullet in which the impact 
angle α, the ricochet angle β and the deflection angle γ are indicated. 
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Figure 1. Trajectory of a ricocheting bullet showing the impact angle α, the ricochet angle β  
and the deflection angle γ. The projectile impacts the target at point A and leaves the target  

at point B. Figure adapted from Ref. [2]. 
 
 

In this study, impact experiments have been performed using flat wooden targets 
with different physical properties. To study the phenomenon of ricochet different 
common types of wood, both soft and hard, have been chosen. 

The selected materials were MDF (medium density fiberboard), Meranti, Beech, 
Spruce, and Pine, and Ipé. In Table I the mechanical properties of the different types 
wood are given [16-20]. The mass densities have been determined by measuring 
volume and weight. For MDF we adapted the values found by Akgül et al. [20] for a 
type of MDF with a density of 600 kg m-3. Hardness of different types wood can be 
ranked using the Janka Hardness Scale. The Janka hardness test is a variation on the 
Brinell hardness for metals. It is a well-defined scale to determine the hardness of 
wood. It measures the force required to embed an 11.28 mm diameter steel ball into 
wood, until half the ball’s diameter. The diameter is chosen such that it produces a 
circle with an area of 100 mm2. The Janka Hardness Scale is of very practical interest, 
because it can indicate whether the wood is suitable for a specific purpose such as 
flooring.  

 
TABLE I. MECHANICAL PROPERTIES OF THE DIFFERENT TYPES OF WOOD [16-20]. 

Wood 

 

Density 

 

 

(kg m
-3

) 

Young’s  

modulus 

 

(MPa) 

Tensile  

strength 

 

(MPa) 

Compressive 

strength 

 

(MPa) 

Bending 

strength 

 

(MPa) 

Janka 

hardness 

 

(N) 

MDF 588 4000 18 10 - 581020 
Eur. Spruce 550 7300-21400 21-245 35-79 49-136 1570-1910 
Pine 612 6900-20100 35-196 35-94 41-205 2940 
Meranti 642 11700-19400 66-222 52.2-73.5 76.5-158 4310 
Eur. Beech 678 10000-18000 57-180 41-99 74-210 4500-7000 
Ipé 1029 15200 - 75 142 11610 
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In 1971 Sellier [21] gave an overview of ricochet due to different materials, 
including wood. The hardness of wood lies between that of metal and water and, 
consequently, the target is softer than the bullet material. The bullet trajectory in wood 
is described as a tunnel in the target. The deflection angle γ is not considered is 
Sellier’s study.  

Ricochet has been studied on a variety of materials like metal, water, and concrete. 
Not much research dealing with ricochet on wood has been published. Stiefel (1985), 
as described in Ref. [2], presented only the impact angle and angle of ricochet. He 
used different ammunition and three different types of wood. Kneubeuhl performed 
experiments perpendicular to and in the same direction as the grain of the wood [2]. 

In 1986 Johnson [1] gave an overview of historical and contemporary research 
about impact on wood. He focused on projectile penetration and ricochet is only 
mentioned briefly. However, in 1987 Rathman [6] studied ricochet on different 
materials, including wood. He determined the ricochet angle, velocity loss and studied 
the bullet damage [6,22]. For wood he used 1.5 inch soft pine board. The velocity loss 
after impact was -26% for the .32 caliber and -51% for .45 caliber ammunition. 

In general, the impact angle α has to be relatively small to produce ricochet. For 
instance, we find that on beech the impact angle has to be lower than 30o. This critical 
ricochet angle has been investigated by a number of researchers, also theoretically [4]. 
In 1979 Tate [23] has derived a criterion for the critical ricochet angle for rigid rods. 
Rosenberg et al. [24,25] have derived another criterion based on similar assumptions. 
However, it is assumed that the forces acting on the projectile only act on the rod 
element, which is engaged in the interaction. They state that ricochet occurs if: 
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In this equation Rt is the dynamic strength of the target material, ρp the mass 

density of the projectile, respectively, and vi is the impact velocity and U the ricochet 
velocity of the projectile. 

According to Segletes [26] the angle of reflection of a ricocheting projectile will 
be less than or equal to the impact angle for a rigid target: 

 
αβ ≤                                                                  (2) 

 
The basis of this constraint is that a strength-free rod ricochets off a rigid target 

only if the angle of reflection is exactly equal to the angle of incidence. Rod strength 
will decrease the angle of flow turning of the bullet material, which will limit the 
ricochet angle β to a value at or below the impact angle α [26]. 

The selection of the projectile, a 7.65 mm Browning, was based on its frequent 
encounter in shooting incident reconstruction cases, i.e. about 16%, in the 
Netherlands. 

In this paper the following aspects of ricochet will be discussed: ricochet angle and 
deflection angle, effects of grain angle, ricochet marks and the velocity after ricochet. 
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EXPERIMENTAL SET-UP 
 

The experimental set-up is shown in Figure 2 below. The projectile is fired upon 
an inclined plane at a distance of at least 2 m from the weapon. The set-up determines 
the impact angle (α). The ricocheted projectiles impact on the witness screen at a 
distance of about 0.50 m from the target. Both the ricochet angle (β) and the deflection 
angle (γ) are determined from the impact point on this screen. 

For all experiments the same projectiles were used, i.e. 7.65 mm Browning. This 
full metal jacketed bullet has a mass of 4.7 g. These projectiles were shot using the 
Scorpion submachine gun. The average projectile velocity before impact was equal to 
288.5 m/s. 

Each experiment was performed five times. The initial impact angle α is 10o and 
was increased with 5o steps to the critical angle of ricochet. For impact angles higher 
than the critical ricochet angle, αc, bullets do not ricochet, but will be embedded in the 
target or penetrate the wood instead. 

A Photron SA5 high-speed camera was used for determining the velocity after 
impact. This advanced high-speed camera is capable of recording one million frames 
per second. 

In some experiments the grain angle ζ of the wood was varied. Zero angle means 
that the grain angle is in the same direction as the bullet flight. 90o means 
perpendicular to the bullet flight direction. Of course, MDF (medium density 
fiberboard) has no grain (angle).  

 
 

RESULTS 
 

Table II below shows the results of the ricochet experiments from different 
wooden targets. In the first column for each type of wood the critical ricochet angle 
we found is given. For the natural types of wood the grain angle ζ was 0o.  

Experiments performed at higher impact angles resulted in projectile penetration 
of the target without ricochet. This was the case for MDF at 15o and for Beech at 30o 
impact angle. 

The average deflection angle γ is positive for all types of wood. This is the 
expected deflection to the right for a right rotating projectile. The average deflection 
angle at this grain angle (ζ = 0o) is relatively small, i.e. at most 5o. In general, impact 
angles α close to the critical ricochet angle (αc) seem to result in the highest deflection 
angles γ. 
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Figure 2. Schematic picture of the experimental set-up. The inset shows the top view  
of a target with  a grain angle of the wood of 90 degrees. 

 
 
 
 
 

TABLE II. RESULTS OF RICOCHET EXPERIMENTS. STANDARD DEVIATION BETWEEN 
BRACKETS. THE RICOCHET ANGLE β AND THE DEFLECTION ANGLE γ HAVE BEEN 

DETERMINED AT A DISTANCE OF ABOUT 0.5 m FROM THE TARGET.  
GRAIN ANGLE ζ WAS ZERO DEGREES.  

Material ααααc 

[
o
] 

αααα 

[
o
] 

ββββ    

[
o
] 

γγγγ    

[
o
] 

     
MDF 11-14 10 17.1 (0.7) 5.0 (1.0) 

Spruce (ζ = 0o) 15 10  9.1 (1.4) 0.6 (0.6) 

Meranti (ζ = 0o) 21-24 10 11.1 (0.7) 1.0 (0.4) 
  15  19.4 (2.0) 2.0 (0.7) 
  20 35.0 (5.3) 4.8 (1.4) 

Pine (ζ = 0o) 11-14 10 10.6 (0.5) 0.7 (0.3) 
  15 17.9 (1.1) 1.0 (0.8) 

Beech (ζ = 0o) 30 10 11.2 (0.5) 0.3 (0.1) 
  15 16.8 (1.0) 1.6 (0.7) 
  20 27.7 (1.3) 0.7 (2.9) 
  25   45.1 (10.7) 3.4 (9.0) 

Ipé (ζ = 0o) 45 30 31.2 (1.5) 4.6 (2.7) 
  35 36.2 (8.2) 2.5 (2.4) 
  40 37.2 (6.0) 5.0 (6.3) 

 

 
 

1199



  
 

  

 
From Tables I and II one could infer (using the Janka Hardness Scale) that for the 

impact angle α = 10o the ricochet angle β of the bullet increases for harder wood. The 
sequence is: Spruce < Pine  < Meranti < Beech < MDF. However, it is evident that for 
the softer types of wood the ricochet angle can be significantly larger than the impact 
angle. 

 
 

Effect of grain angle 

 

The grain angle ζ can have a significant effect on the ricochet process. Kneubuehl 
[2] demonstrated a difference between parallel and perpendicular grain, i.e. ζ = 0o and 
90o. We consider also other angles; see Figure 3 for the influence of grain angle ζ on 
the deflection angle γ for Beech wood. According to our study much larger deviations 
for γ than found by Kneubuehl occur when the bullet impacts the wood at ζ = ±30o or 
±60o, i.e. from both the left and right side of the grain. Also shown are data for impact 
angle α = 30, at or close to the critical ricochet angle αc. For this impact angle the 
highest deflection angle γ to the right is obtained. 

However, the largest deviation to the right we observed at α = 40o on Ipé with a 
grain angle ζ = 45o. The deflection angle γ was 47.1o and the ricochet angle β was 
45.6o. 

One should note that the influence of the grain angle on the ricochet angle β is less 
than on the deflection angle γ. 

 
 
 

 
 

Figure 3. Grain angle ζ vs deflection angle γ for Beech wood for different impact angles α (a in Figure).   
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The ricochet mark or crater 
 

The dimensions of the ricochet mark are an important result of the projectile-target 
interaction. For the ricochet marks both length (D) and width (d) have been measured 
at the flat surface. Unfortunately, the depths of the marks are very difficult to 
determine. In Figure 4 the product dD and ratio d/D of the length and the width of the 
ricochet marks are shown as a function of the material and the impact angle. For Pine, 
Meranti, Beech and Ipé the product dD increases as a function of the impact angle α. 
Examples of ricochet marks are shown in Figure 5. 

 
 

 
 

 
 

Figure 4. Product dD (top) and ratio d/D (bottom) of the length (D) and the width (d) of the ricochet 
mark as a function of the material and the impact angle. The grain angle ζ = 0o.  
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Figure 5. Pictures of ricochet marks on Beech (α = 15o) and on Meranti (α = 10o) wood.  
The scale is shown in each picture. 

 

 

Velocity after ricochet 

 

The decrease in velocity was measured for a few experiments on Beech and Ipé 
using the high speed camera. Results are shown in Table III. This gives a good 
indication of the losses in kinetic energy ∆Ekin of the bullet due to ricochet. The 
velocity after ricochet (vr) of the bullet is a measure for its lethality after ricochet. 
These results show that the energy loss of the projectile is at least 70%. This 
substantial amount of energy is lost in the deformation of the projectile and the target 
material, i.e. the formation of the crater, during the ricochet process.  

Ipé is harder and denser material than Beech. In general, the energy loss on hard 
materials is smaller than on soft materials. Presumably, for soft materials like wood 
most of the kinetic energy is lost to deformation of the target. However, the difference 
in energy loss between Ipé and Beech is not very large. 

Only one of the projectiles of which velocity was measured showed to be stable in 
flight after ricochet. All other projectiles were tumbling after ricochet. 

 
TABLE III. DETERMINATION OF VELOCITY LOSS DUE TO RICOCHET  

USING HIGH SPEED CAMERA IMAGES. IMPACT VELOCITY IS 288.5 m/s. 

Wood 

 
αααα 

 

[o] 

ζζζζ    

    

[o] 

ββββ    

    

[o] 

γγγγ    

    

[o] 

vr 

 

[m/s] 

∆∆∆∆v 

 

[m/s] 

∆∆∆∆Ekin 

 

[%] 
Beech 30 60 28.7 55.1 100 188 -97.0 
Beech 25 60 43.3 49.7 50 238 -88.0 

Ipé 35 30 51.1 24.5 128 160 -80.3 
Ipé 35 30 37.6 20.3 144 144 -75.1 
Ipé 40 30 27.1 24.4 87 201 -90.9 
Ipé 35 45 34.8 12.6 155 133 -71.1 
Ipé 35 60 49.9 31.9 104 184 -87.0 
Ipé 35 60 43.3 41.5 81 207 -92.1 
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DISCUSSION 
 

In theories dealing with ricochet the surface of the target is assumed to be flat and 
it remains so during the ricochet process because it is assumed to be much harder than 
the projectile. As a consequence the ricochet angle is smaller than the impact angle:  

 
 αβ ≤                                                                  (2) 

 
However, it is apparent from our experiments that the target deforms upon impact 

and a crater is formed. This is possible because the wooden targets are all softer than 
the material of the projectile. On these soft targets, we often find that the ricochet 
angle is larger than the impact angle: 

 
β > α                                                                  (3) 

 
These results are reproducible and consistent with earlier results reported in 

literature, see e.g. [2]. In addition, this phenomenon is well known in forensic studies 
of impact phenomena on soft targets [3]. However, it is rarely described in ballistic 
studies of non-ideal projectile impacts on targets [4]. For a moment one might think 
that a principle of classical mechanics is violated. However, this is not the case. It is 
the softness of the target material that allows for this phenomenon to occur (Figure 6). 
Obviously, the ricochet angle is related to the shape of the crater. Essentially, the 
projectile follows its shape. 

In analytical modeling this phenomenon one could think of (re)defining α and β 
with respect to the shape of the crater instead of using the flat surface as the reference. 
We think for a “true” α and “true” β: 

 
βt ≤ αt

                                                                (4) 

 
 

 

 
 

Figure 6. Schematic picture showing the impact and a ricochet angle β larger than the impact angle α. 
This type of impacts can occur if the material of the target is softer than the material of the projectile.  
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This hypothesis needs further investigation for it would allow for further 
understanding of ricochet on soft targets. Actually, ricochet as we study it on a soft 
material such as wood is a hybrid process. It has aspects of penetration as well as pure 
ricochet. This has to be accounted for in the analytical modeling of this phenomenon. 

In shooting incident reconstruction, the data allows us to estimate the impact angle 
α for the types of wood that have been investigated, in case an impact directly after 
ricochet is known to determine β and γ. This may also apply to types of wood that 
have not been investigated, because they have similar properties. So, because it can 
serve as a starting point, this work will probably limit the amount of experiments 
necessary in future forensic cases dealing with ricochets from wooden targets. 

 
 

CONCLUSION 

 

For ricochets from wood it is quite common that the ricochet angle β is larger than 
the impact angle α. The ricochet angle β is strongly related to the shape of the crater. 
The well-known principle β ≤ α [26] is presumably not violated if one takes the 
curvature of the surface in the crater into account. 

Our results show that the energy loss of the projectile due to ricochet is at least 
70%. This substantial amount of energy is lost in the deformation of the projectile and 
the target material, i.e. the formation of the crater, during the ricochet process. 

The energy loss using Beech as a target material is larger than the energy loss 
using Ipé. The latter is the harder material. Presumably, for woods most of the kinetic 
energy loss is used to deform the target, because they are soft materials. 

For Pine, Meranti, Beech and Ipé it was found that the product dD (width x length) 
increases as a function of the impact angle α. However, for both the progress in the 
field of ballistics and to be more useful in shooting incident reconstruction the relation 
between the dimensions of the ricochet mark and the impact angle deserves further 
investigation. 

Our results show that also the grain angle ζ can have a significant effect on the 
ricochet process. Deviations were larger than those found by Kneubuehl who 
compared parallel and perpendicular grains [2]. The largest deviation to the right 
(positive value of γ) was observed at α = 40o on Ipé with a grain angle ζ = 45o, i.e. 
deflection angle γ = 47.1o. This topic deserves further research.  

In addition, modeling ricochet of bullets from wood targets could be studied using 
2D and/or 3D finite element methods, for example Ansys Autodyn. However, 
modeling the grain of the wood in the material can be expected to be a challenge. 
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