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Abstract:  The aim of this study was to identify the effect of the shockwave emitted during explosion of the 
TNT charge onto Explosive Ordnance Disposal (EOD) Personnel. Within the work, the basic information 
about the air blast and its influence on the human body were discussed. The necessity of well fitted protective 
equipment application was highlighted. Detonations of the few different charge masses were performed. 
Pressure in the dummy ears and accelerations of its head were examined. The obtained records were 
compared with maximum allowable levels of those parameters taken from literature. It was noticed that even 
for small charges, which do not poses a threat for structures, the risk of body injury caused by the blast 
pressure cannot be neglected .  
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1. Introduction 

Numerous data concerning the influence of the explosion wave onto structures are available in the 
literature (Ullah et al., 2017). However, there is a lack of information regarding the impact of direct 
explosion on the human body, as it is usually considered to be lethal injury. There are several professions 
inseparably connected to a high risk of close proximity explosions such as police and military 
pyrotechnics. Their equipment provides a good protection against the direct fire and fragmentations, but 
can be insufficient in order to mitigate pressure and inertial effects. Consequently, it may lead to bone 
cracks and fractures, as well as injuries to internal organs and brain trauma (Prat et al., 2017). 

Essential factors that affect a human body during the explosion are therefore pressure and acceleration. 
Blast wave can be described i.a. by: maximum value of overpressure, positive phase duration and time 
of blast wave arrival (Ullah et al., 2017). Acceleration signals are used mainly to determine the injury risk 
factors such as e.g. Head Injury Criterion (HIC). However, they can be also used to calculate average 
acceleration values (Bienioszek et al., 2017), which in turn can be compared with the human tolerance 
levels (Eiband et al., 1959). 

The proper processing of the recorded signals is also an important issue (Krzystała et al., 2016). NATO 
AEP-55 Vol. 2 (2011) recommends the use of appropriate low-pass filters in order to supersede the high 
frequency vibrations, which are damped by a soft tissue of a human body. However, available guidelines 
apply mainly for processing of the signals recorded during car crash accidents. Hence, the question arises 
whether they are fully adequate to analyse the explosion influence onto human body. Therefore, in article 
both the raw and filtered signals were presented. 
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2. Methods 

Acceleration measurements were conducted with the use of autonomous measurement system for the 
acquisition of rapidly changing signals (Szmidt et al., 2011). Pressure signals were recorded with the use 
of Kulite® HKS-375M sensor. Accelerometer was located in the dummy head, while pressure transducer 
was placed in the ear. The both of them were operating with 100 kHz sampling rate. The initial 
configuration of the system was shown on the Fig. 1a. Distance between the dummy and the TNT charge 
centre was set to 3.5 m (Fig. 1b). The intention was to reflect situation in which the pyrotechnic is 
carrying the explosive on special pole. The charge was hanged on piece of rope connected to a wooden 
stick, so the explosion took place in the air, approximately at a chest level. Detonations of four different 
TNT charge masses were performed (0.075, 0.2, 0.4 and 1.0 kg). 

  
Fig. 1: The initial system configuration: a) overview, b) dimensional details  

The recorded pressure pulse characteristic was compared with the theoretical pressure profile with the use 
of following equations (Ullah et al., 2017): 
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where: 
Z – scaled distance (proximity factor) G

HI% & , 
R – distance between the dummy and the centre of spherical TNT charge [m], 
W – mass of the TNT charge [kg], 
𝑃𝑃 𝑡𝑡  – positive blast pressure profile, 
𝑃𝑃0 – ambient atmospheric pressure [MPa], 
𝑃𝑃𝑠𝑠 – blast overpressure [MPa], 
𝑡𝑡𝑑𝑑 – positive phase duration [ms], 
𝑡𝑡𝑎𝑎 – arrival time of blast wave [ms], 
𝑎𝑎0 – sound speed in the undisturbed atmosphere equal to 0.34 G

GM
. 

Investigation of the negative blast pressure phase was omitted intentionally since its magnitude and the 
scaled distance Z were relatively small in current studies. According to the literature (Ullah et al., 2017) 
it can be neglected if Z is lower than 20 G

HI% &. 
Maximum average acceleration in 10 ms time period was calculated by integration of recorded signal: 

 |𝑎𝑎|AOP_R)S+	 = 𝑚𝑚𝑎𝑎𝑚𝑚
|A|5.V;

V%
∆.

 (6) 

where: 
a – recorded acceleration signal [g], 
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∆𝑡𝑡 = 𝑡𝑡< − 𝑡𝑡R –  time period in which average acceleration was calculated (10 ms). 
The Head Injury Criterion coefficient (HIC15) was calculated for time duration of 15 ms with the use of 
following equation (NATO AEP-55 Vol. 2, 2011): 

 𝐻𝐻𝐻𝐻𝐻𝐻R8 = 𝑚𝑚𝑎𝑎𝑚𝑚 (𝑡𝑡< − 𝑡𝑡R)
R
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where: 
𝑡𝑡R, 𝑡𝑡< – initial and final times of the interval during which HIC attains a maximum value [s], 
a – recorded acceleration signal [g],  

3. Results 

The characteristic parameters of the pressure pulse recorded for the 1.0 kg of TNT, as well as their 
comparison with the expected theoretical values determined on the basis of the equations 3-5, were 
presented in Table 1. The scaled distance calculated from the formula (eq. 1) was equal to Z  = 3.5 G

HI% &. 
The recorded pressure characteristic was compared with the idealized one (Fig. 2), which was determined 
with the use of the equation 2. 

Tab. 1: Comparison of recorded pressure signal parameters with theoretical values 

Characteristic parameters of the signal Ps [MPa] td [ms] ta [ms] 
Parameters of recorded pressure signal 0.110 2.88 5.70 
Parameters of idealised pressure signal (eq. 3-5) 0.068 2.24 5.78 

 
Fig. 2: Pressure characteristic recorded during explosion of 1.0 kg of TNT charge 

According to the literature (Malhotra et al., 2017) overpressure of value 0.035 MPa is a threshold point 
of eardrum rupture and at the value of 0.325 MPa there is a 50% probability of it to happen. Therefore, 
the recorded value indicates a significant risk of eardrum damage. The obtained values of characteristic 
parameters were slightly higher than those predicted according to theoretical equations. However, 
it should be noted that equations 1-5 describe air blast without taking into account the wave reflection 
effect, which causes additional wave amplification and the appearance of a second pressure pulse 
as shown in the graph (Fig. 2). 

The accelerations of the dummy head were shown on Fig. 3-6 and summarized in the Table 2. 

  
Fig. 3: Signal recorded for 0.075 kg of TNT Fig. 4: Signal recorded for 0.2 kg of TNT 
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Fig. 5: Signal recorded for 0.4 kg of TNT Fig. 6: Signal recorded for 1.0 kg of TNT 

Tab. 2: Comparison of basic acceleration signal parameters for the dummy head 

TNT charge mass [kg]  0,075 0,2 0,4 1,0 
Signal condition Signal parameter Units Values 

Raw signal aG_`	 [g]  207  311  468  487 
|a|_aI_R)GM	(eq. 6) [g] 18 24 37 62 

Filtered signal  
(SAE 1000Hz) 

aG_`	 [g]  67  103  172  256 
|a|_aI_R)GM	(eq. 6) [g] 10 14 25 36 

HIC15 (eq. 7) [-] 2 5 21 50 

The obtained values of HIC15 were at an acceptable level according to NATO AEP-55 Vol. 2 (2011), 
where the values higher than 1000 are considered to be life threatening. In case of maximum average 
accelerations a slight differences between raw and filtered signals can be seen. Importance of this fact for 
the TNT charge masses of 0.4 kg and smaller were meaningless, but for 1.0 kg the raw acceleration signal 
exceeded the tolerance level of 45 g (Eiband et al., 1959), while for filtered signal it was acceptable. 

4.  Conclusions 

Conducted studies showed that close proximity explosions of charges smaller than 1.0 kg of TNT were 
dangerous but not lethal to human. The recorded pressure characteristics highlighted the necessity of ear 
protection equipment usage. It was noticed that even for very high values of maximum accelerations, the 
HIC15 coefficient did not exceed the allowable limit, thanks to extremely short impulse duration. 

The issues with rapidly changing signal processing and interpretation were solved by providing both raw 
and filtered records. It can be seen that effective value of acceleration affecting the human body during 
explosion must lie between those two values. While the use of filters appropriate for car accidents helped 
with signal interpretation, the information about raw data contributed to the increase of overall reliability 
of obtained results. 
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