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Abstract: In this paper we briefly studied the effect of underwater explosion on ship hull. For a qualitative 
analyze, we studied the effect of underwater explosion for two cases: for a compact explosive charge and for 
a multiple explosive charge.  
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Marine mines could be divided in two categories, 
regarding the ignition way: contact mines and less 
contact mines. Contact mines will explode when 
the mine will be hit by the ship hull. In this case, 
the effects of the explosion will be: 
- Direct action of the shock wave on the ship’s 
hull; 
- Action of the shock wave induced on the ship 
stiffness structure. 
Less contact mines will explode when the mine 
will “feel” some variation of magnetic field or will 
“heard” noises produces by ship engines and 
propellers. In this case, the effects of the 
explosion will be: 
- gas bubble generated by explosive charge 
decomposition; 
- gas bubble generated at explosive charge 
detonation. 
In correlation with the distance between mine and 
ship, we can made two analyses: 
- the explosion occurs when this distance is 
equal with maximum radius of gas bubble or less 
than this radius; 
- the explosion occurs out of gas bubble 
radius.  
In the first case, explosion effect will be given by 
the peak pressure of shock wave, by hydraulic 
shock generated when the gas bubble will 
rebound and by the direct action of gas bubble on 
ships hull.  
In the second case, explosion effect will be given 
by the peak pressure of shock wave and, 
eventually by the pneumatic shock produced by 
water movement when the gas bubble will 
rebound. If the explosion will be under the ship, 
the explosion effect will be increased by the gas 
bubble movement, when the bubble is going to 
surface.  

Shock wave generated by an underwater 
explosion could be describes as a peak pressure 
which is decreasing in time. The pressure-time 
curve could be represented as:   
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where: 
Pm – peak pressure of shock wave, 
θ - time constant, 
ta - time needed by shock wave to reach the ship 
hull, given by: 

c
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The shock wave propagation is represented in 
figure 1, at the moment of time t: 

 
Figure 1 Pressure in the underwater explosion 

shock wave front [5] 
 

Agreeing with [10], parameters Pm and θ are 
given by: 
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where: 
- w – weight of explosive charge [kg]; 
- r – distance from explosion position to the 
observation point; 
- c – speed of sound in water, as: 
-  - fresh water: c = (1498 ÷1523) m/s 
-  - sea water: c = (1535 ÷ 1770) m/s. 
Usually: c = 1550 m/s. 
In order to study the shock wave pressure, we 
chose three less contact mines, placed on the sea 
bottom at 35 meters depth (figure 2). The 
explosives charges of mines will have weight 50, 
100 and 300 kilos.  
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Figure 2 Mine position 

 
In figure 2 we made the following notations: 
- H – water depth; 
- x – lateral distance (place where the ship will 
be when mine explosion occurs); 
- r – distance from mine to ship hull . 
We computed the pressures which will interact 
with ship hull, depending on the relative position 
of ship hull with plumb mine. Pressure distribution 
on the shock wave front could be represented as 
in figure 3.  
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Figure 3 Pressure distribution on the shock 
wave front computed for a mine placed at 35 

meters depth 
 

Analyzing all the situations described before, we 
can write the results, as you can see in table 1. 

Table 1. Comparative values of shock wave 
pressure  

x 
[m] 

P [MPa] 
w=50 kg w=100 kg w=300 kg 

5 6,5 7,8 10,7 
10 6,3 7,6 10,5 
15 6,1 7,2 10 
20 5,85 6,9 9,3 

 
x 

[m] 
ΔP [%] 

Δw=200 % Δw=600 % 
5 20 64,6 

10 20,6 66,6 
15 18,1 63,9 
20 17,9 58,9 

 
Based on result from Table 1, we can make the 
following statements:  
- if the weight of explosive charge will be 
doubled the peak pressure of shock wave 
increase by 20 %; 
- if the weight of explosive charge will be 
increased by six times the peak pressure of shock 
wave increase by 60 %; 
- We can draw the following conclusion: 
regarding the weight of explosive charge, marine 
mines are oversized. For this reason, it will be 
interesting to study the effects of explosion 
produced by a mine with multiple charge. In this 
case, the weight of explosive charge ought to be 
at least equal with the weight of explosive charges 
of mines analyzed before. 
Mine with multiple charges consist in two bodies 
filled with explosive, which are placed, one on the 
bottom of the sea and the other in moored at a 
certain depth. Mine with multiple charges could be 
represented as in figure 4. 
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Figure 4 Mine with multiple charges 

 
One of the characteristics for mines with multiple 
charges, is that the both explosive charges  
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detonates at the same time. In point B is recorded 
the pressure for shock wave generated by charge 
1, and after a short time this pressure will be 
overlapped by pressure of shock wave produced 
by charge 2. 
As an example, we will take into consideration a 
mine with two charges, placed at 20 m depth, 
respectively at 35 m depth. In Figure 5, you can 
see pressure variation in point B, depending on 
value of lateral distance x. 
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Figure 5 Pressure in shock wave front 

produced when a mine with multiple charges 
explodes 

 
We computed the pressure values for the 
following situations: 
- Mine is with multiple charges, the weight of 
both explosives charges is half of the explosive 
charge weight of initial mine. Charges are placed 
at 20 m depth, respectively at 35 m depth; 
- Mine has one explosive charge placed at 20 m 
depth; 
- Mine has one explosive charge placed at 35 m 
depth. 
The result of computations are in Table 2. 

 
 

 
 

Table 2. Pressure values in shock wave 
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50 50 13,1 100 12,5 100 
100 0 12 92 11 88 

0 100 7,5 57 7 56 
150 150         
300 0         

0 300         
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50 50 11,8 100 11,2 100 
100 0 10 84,8 8,8 78,6 

0 100 7 59,3 6,4 57,2 
150 150 17 100 15,8 100 
300 0 14,5 85,3 12,5 79,2 

0 300 9,8 57,7 9 57 
 

 
CONCLUSIONS 
Based on values which are written on Table 2, we can draw the following conclusion: 
The maximum pressure of the shock wave front resulting from an explosion of a compacted explosive is 
lower by up to 50% than the maximum pressure given by the explosion of the same amount of explosive 
equally divided into two charges placed at a distance from one to another; 
If the lateral distance will increase, the explosive charge efficiency decrease; 
The same effect on the ship hull is achieved using a smaller amount of explosive, divided into several 
charges placed at different depths. 
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