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Abstract  This work assesses the performance of a 

methodology to predict the positive phase parameters from 
incident spherical free air bursts for a case study dataset of PE4 
trials. The dataset comprises data within and beyond the near
field, which provides valuable insight into the near
As the dataset provides no time of arrival information, the peak 
overpressure data will be used as the input for the methodology, 
which will be evaluated through the prediction error for the 
positive phase duration and impulse. Prediction errors increased 
from less than 15% beyond the near-field to more than 60% 
within it, indicating a substantial deterioration in prediction 
accuracy. 
 

Keywords  blast loading, positive phase impulse, positive 
phase duration. 

 
I. INTRODUCTION 

 
A previous work proposed a methodology to predict 

incident spherical free air burst positive phase parameters for 
ideal explosives from time of arrival data
near-field [1]. This study aims to assess its performance for a 
case study of spherical PE4 charges free air bursts in the 
near-field and beyond it [2]. To the authors' knowledge, this 
is the first assessment of the proposed methodology using 
experimental data spanning both the near
the near-field. This work forms part of an ongoing research 
project that is currently in its final stage. 

As the case study does not present t
peak overpressure (Pmax) and its derivative will be predicted 
from Pmax measurements, which will be used to predict the 
positive phase duration (td) and impulse (I
wave radius (R). Fig. 1 presents a typical overpressure versus 
time profile caused by a blast wave and the main 
performance parameters associated to this.

 

 
Fig. 1. Overpressure-time profile of a blast wave.
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Although measured Pmax

the complete methodology was intentionally followed to 
evaluate its performance under the same conditions for which 
it was originally proposed. The results will be
the corresponding measurements

The literature reports a possible scattering of no more 
than approximately 10% for all positive phase parameters in a 
similar scenario of the case study of this work for TNT scaled 
distances (Z) from 3 to 15 m/kg
[4]. However, the near-field boundary is defined as the point 
where Pmax/P0 = 10 [5], where P
which is equivalent to Z = 1 m/kg
according to the model from Kin

In the near-field, there is an additional dynamics related 
to the fireball influence [3]. 
high temperature, high pressure, and is visually engulfed by 
the fireball. These aspects increase the 
measurements acquisition from both pressure gauges and 
high-speed cameras. This is why there are relatively few 
works in the near-field region [3], so this study aims to add 
more insight to this less explored domai

Additionally, the method
the assumption of an approximately constant TNT 
equivalence (TNTe) value [1]. Whereas the TNTe value is 
not expected to change for Z > 3 m/kg
the near-field [3].  

While empirical blast models, such as
Kingery and Bulmash correlations [6], have been extensively 
used for engineering applications, most validation studie
focus on scaled distances 
Consequently, comparatively little information is available 
regarding the accuracy of prediction methodologies under 
severe near-field loading conditions, where both the blast 
wave characteristics and the experimental uncertainties 
become more pronounced. This lack of validation motivates 
the present assessment. 

 Accurate prediction of positive phase parameters in the 
near-field is particularly relevant for protective design 
because blast loading varies rapidly with distance in this 
region. Therefore, assessing the applicability of 
methodologies developed for larger
important before they are extended to near
applications. 

The performance assessment will be based on two 
metrics: maximum absolute deviation (MD) and mean 
absolute percentage error (MAPE). The desired and accepted 
values for each metric will be assumed as the one from the 
original methodology performance evaluation [1]. They will 
be analysed within, in the proximity of and beyond the near
field region. 
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max values could be used directly, 
the complete methodology was intentionally followed to 
evaluate its performance under the same conditions for which 
it was originally proposed. The results will be compared to 

measurements from the case study. 
The literature reports a possible scattering of no more 

than approximately 10% for all positive phase parameters in a 
similar scenario of the case study of this work for TNT scaled 

(Z) from 3 to 15 m/kg1/3 from small scale tests [3]-
field boundary is defined as the point 

= 10 [5], where P0 is the ambient pressure, 
which is equivalent to Z = 1 m/kg1/3, approximately, 
according to the model from Kingery and Bulmash [6]. 

, there is an additional dynamics related 
to the fireball influence [3]. Therefore, it is characterized by 
high temperature, high pressure, and is visually engulfed by 

These aspects increase the difficulty for 
from both pressure gauges and 

This is why there are relatively few 
field region [3], so this study aims to add 

more insight to this less explored domain. 
methodology under analysis is based on 

the assumption of an approximately constant TNT 
equivalence (TNTe) value [1]. Whereas the TNTe value is 
not expected to change for Z > 3 m/kg1/3, it may vary within 

While empirical blast models, such as those based on the 
Kingery and Bulmash correlations [6], have been extensively 
used for engineering applications, most validation studies 

 beyond the near-field [3]-[4]. 
Consequently, comparatively little information is available 
regarding the accuracy of prediction methodologies under 

field loading conditions, where both the blast 
wave characteristics and the experimental uncertainties 
become more pronounced. This lack of validation motivates 

ccurate prediction of positive phase parameters in the 
field is particularly relevant for protective design 

because blast loading varies rapidly with distance in this 
Therefore, assessing the applicability of 

methodologies developed for larger scaled distances is 
important before they are extended to near-field engineering 

The performance assessment will be based on two 
metrics: maximum absolute deviation (MD) and mean 
absolute percentage error (MAPE). The desired and accepted 

ues for each metric will be assumed as the one from the 
original methodology performance evaluation [1]. They will 
be analysed within, in the proximity of and beyond the near-



II. MATERIALS AND METHODS 
 

The case study data was acquired for R = 0.882 m, 
whereas the charge mass (m) varied from the detonator only, 
which has an explosive mass of 1.5 g, up to 1.8 kg, and all 
charges were initiated by the detonator only [2]. To avoid a 
significant influence of the detonator in the final result, only 
trials where the detonator does not represent more than 5% of 
charge mass were considered, which means m = 0.03 kg or 
more. 

The blast parameters scaling followed a previous report 
proposal [7] as stated in the methodology under analysis 
work [1]. This procedure was intended to establish a common 
basis for comparative analysis of experimental data collected 
under different setups and environmental conditions. From 
now on, only the scaled parameters will be used, which will 
be characterized by an asterisk ‘*’ after the variable symbol. 
As the test field where the trials took place is close to a sea-
level altitude, and the temperature there is around 15 oC in 
July, when the trials occurred, no ambient pressure or 
temperature scaling were performed. 

The case study data [2] was compiled to calculate 95% 
confidence interval (CI95) for all blast wave parameters in 
accordance with a typical statistics approach [8], and the 
points considered in this work with the available number of 
samples (NS) for each of them are presented in Table I. The 
relatively large number of repeated trials at each scaled 
distance provides a robust basis for estimating the confidence 
intervals used throughout the analysis. 
 

TABLE I. BLAST WAVE PARAMETERS MEASUREMENTS COMPILATION. 

R* 
(m/kg1/3) 

NS Pmax* (bar) 
td* 

(ms/kg1/3) 
I+* 

(bar.ms/kg1

/3) 
2.83 32 1.12 ± 0.05 2.04 ± 0.07 0.75 ± 0.03 

2.58 31 1.40 ± 0.06 1.81 ± 0.06 0.79 ± 0.03 

2.39 32 1.58 ± 0.07 1.69 ± 0.07 0.84 ± 0.03 

1.90 28 2.6 ± 0.1 1.42 ± 0.07 1.01 ± 0.04 

1.32 31 6.3 ± 0.4 1.04 ± 0.08 1.3 ± 0.1 

1.11 26 9.5 ± 0.5 0.90 ± 0.05 1.61 ± 0.09 

0.993 29 12.8 ± 0.6 0.87 ± 0.05 1.9 ± 0.1 

0.931 27 15.1 ± 0.7 1.1 ± 0.1 2.2 ± 0.1 

0.882 24 16.7 ± 0.9 0.79 ± 0.08 2.0 ± 0.1 

0.830 21 19 ± 1 0.74 ± 0.09 2.1 ± 0.2 

0.788 19 22 ± 2 0.7 ± 0.1 2.2 ± 0.2 

0.754 11 23 ± 2 0.8 ± 0.2 2.2 ± 0.2 

0.725 21 24 ± 3 0.6 ± 0.1 2.4 ± 0.3 
 

As can be seen from Table I, the data variability 
increases as the slant range approaches and goes further 
within the near-field region. This may reflect increased 
experimental uncertainty, measurement limitations, or 
physical variability associated with near-field blast 
propagation. 

Since the proposed methodology assumes an 
approximately constant TNTe, verifying this assumption for 
the case-study dataset is an important prerequisite before 
evaluating the prediction accuracy. The TNTe value for each 

point from Table I and for the whole set will be calculated, 
followed by a brief analysis of its constancy along the points.  

In sequence, td and I+ values for each point will be 
predicted in accordance with the methodology under 
assessment [1]. This methodology is based on the shock wave 
theory and a hypothesis derived from it [9]-[10], and a 
previously published paper on Pmax prediction [11]. 

Then, the predictions will be compared to the 
measurements with respect to the percentage difference 
between them, which will be used to calculate the MD and 
MAPE values for td and I+. As discussed in a previous work, 
the values regarded as excellent and acceptable are, 
respectively, 10% and 25% for MD, and 6% and 14% for 
MAPE [1]. 

The analysis will be divided in three regions: near-field, 
transition, beyond near-field. These regions will be defined as 
Z ≤ 1 m/kg1/3, 1 < Z ≤ 1.5 m/kg1/3, and Z > 1.5 m/kg1/3, 
respectively, where Z can be calculated by Eq. (1). 

 
𝑍 = 𝑅∗/√𝑇𝑁𝑇𝑒

య
  (1) 

III. RESULTS AND DISCUSSION  
 

The TNTe CI95 values for each point and overall mean 
are presented in Table II. From Table II and the definitions 
from Section II, the boundaries from the near-field and the 
transition regions can be calculated by Eq. (1) as R* = 1.14 
and 1.72 m/kg1/3, respectively. Table II also highlights the 
high variability of the Pmax measurements in the near-field, 
because, even with a high number of samples, the CI95 span 
is significant. 

 
TABLE II. TNT EQUIVALENCE CALCULATION RESULTS. 

R* (m/kg1/3) TNTe 

2.83 1.4 ± 0.2 

2.58 1.4 ± 0.1 

2.39 1.3 ± 0.1 

1.90 1.3 ± 0.1 

1.32 1.4 ± 0.2 

1.11 1.4 ± 0.2 

0.993 1.5 ± 0.2 

0.931 1.6 ± 0.4 

0.882 1.6 ± 0.2 

0.830 1.6 ± 0.3 

0.788 1.6 ± 0.2 

0.754 2 ± 1 

0.725 1.6 ± 0.7 

Average 1.5 ± 0.2 

 
Although TNTe variability can be high, the average 

TNTe (1.5 ± 0.2 as shown in Table II) overlaps by at least 
50% with the CI95 of the TNTe of each individual point. 
This result is consistent with the hypothesis of a constant 
TNTe assumed by the methodology. Additionally, it indicates 
that changes in prediction performance are unlikely to result 
from significant variations in TNT equivalence. Instead, the 
reduction in prediction accuracy is more likely associated 



with the increasing complexity of the blast wave behaviour as 
the near-field is approached. 

Table II also shows that the confidence interval span 
widens as the scaled distance decreases, especially for the 
two lowest R* values. Since the number of samples remains 
relatively high for most points, this increase is unlikely to 
result solely from limited sampling and instead suggests 
greater variability in the measured blast response under near-
field conditions. 

The percentage differences td and I+ between the 
predictions and measurements CI95 are presented in Fig. 2 
and Fig. 3, respectively, where the vertical grid lines 
represent the boundaries of the near-field and transition 
regions. 

 

 
 
Fig. 2. Percentage difference between predictions and measurements for the 

td model. 
 

 
 
Fig. 3. Percentage difference between predictions and measurements for the 

I+ model. 
 

The MD and MAPE values for the td and I+ models are 
shown in Table III. As there is only one point in the transition 
region, only MD metrics will be considered within it. 
Because only one experimental point lies within the transition 
region, statistical indicators based on multiple observations, 
such as MAPE, are not representative and are therefore 
omitted. 

As can be seen from Table III, the methodology provides 
good results in the beyond near-field region as a previous 

work already verified for PE4 charges [1]. However, it 
provided poor results in the near-field region, and an 
intermediate performance in the transition region. As the 
blast wave radius approaches the near-field, the experimental 
variability increases and the prediction performance 
deteriorates. The transition region exhibits intermediate 
errors, suggesting that the degradation in prediction accuracy 
occurs progressively rather than abruptly at the near-field 
boundary. 

 
TABLE III. MD AND MAPE VALUES FOR THE POSITIVE PHASE DURATION AND 

IMPULSE MODELS PER REGION 

Metric MD (%) 
MAPE 

(%) 
Performance 

Excellent limit 10 6 Excellent 

Acceptable limit 25 14 Acceptable 

td 
model 

Near-field 62.3 54.2 Poor 

Transition 28.5 - Poor 

Beyond near-field 14.7 9.9 Acceptable 

I+ 
model 

Near-field 43.8 38.5 Poor 

Transition 16.2 - Acceptable 

Beyond near-field 7.1 4.1 Excellent 

 
This deterioration in performance is consistent with the 

increased variability of the experimental data in the near-
field, where nonlinear blast effects and measurement 
uncertainty become more significant. However, more 
empirical data should be analysed to verify if this is a general 
trend or whether it is specific to the case study dataset. 

An interesting observation is that the I+ model 
consistently outperforms the td model beyond the near-field. 
One possible explanation is that impulse integrates the 
complete positive phase and is therefore generally less 
sensitive to local waveform variations than td. 

 
IV. CONCLUSION 

 
This work aimed to bring further insight to the near-field 

behavior of a blast wave in comparison with its dynamics 
beyond it. For this purpose, a methodology for beyond near-
field positive phase parameters prediction was applied for a 
dataset containing measurements within the and beyond the 
near-field. Data variability and prediction error were found to 
increase significantly as the blast wave radius approaches the 
near-field.  

The proposed methodology maintained acceptable 
performance beyond the near-field but its accuracy 
deteriorated rapidly within the near-field. The present results 
also demonstrate the importance of further experimental 
datasets containing near-field measurements for validating 
blast prediction methodologies under these conditions. 

From an engineering perspective, the results indicate that 
methodologies validated only beyond the near-field should 
not be extrapolated to smaller scaled distances without 
additional verification. This is particularly relevant for 
protective design applications where conservative estimates 
of impulse and positive phase duration are required. 

The present study is limited to a single experimental 
dataset obtained from PE4 spherical charges free air bursts. 



Although the dataset covers an unusually wide range of 
scaled distances, additional datasets involving different 
explosive types and experimental configurations would 
provide further confidence regarding the general applicability 
of the conclusions. 
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