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Ö Z

Patlama etkilerinin tespitinde gerçek patlayıcıların kullanılması pek çok açıdan mümkün olmamaktadır. Daha önce ya-
pılmış deneysel çalışmalar temel alınarak sayısal analizlerin yapılması bu konudaki çalışmaların çeşitlenmesine olanak 

sağlamaktadır. Sayısal analizlerin detaylanması, işlem miktarının artmasına sebep olduğundan, bu işlemleri yapması gereken 
cihazların çok gelişmiş olmasını gerektirmektedir. Çözümlerin daha kısa sürelerde ve gerçeğe daha yakın olması önemli bir 
optimizasyondur ve bu remapping (yeniden eşleme) yöntemi ile yapılabilmektir. Bu yöntem ile 1D analizden elde edilen 
patlama yükleri 2D ve 3D analizlere belirli yöntemlerle entegre edilebilmekte ve bu analizlerin süreleri azalmakta, doğruluğu 
artmaktadır. Bu çalışma kapsamında, remapping tekniğinin uygulanmasına yönelik yöntem ve yaklaşımlar açıklanmıştır. Bu 
çalışma neticesinde patlama simülasyonu yapmak isteyenlerin daha az işlem gücü ile daha doğru sonuçlar almasının yardımcı 
olacak ve pek çok bilimsel çalışmanın yapılabilir olmasın katkı sağlayacaktır.
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A B S T R A C T

Using real explosives to detect explosion effects is a difficult and impractical method due to its danger and cost. Perfor-
ming numerical analyses based on previously conducted experimental studies allows for the diversification of studies 

on this subject. Since the elaboration of numerical analyses causes an increase in the amount of processing, it requires the 
devices that need to perform these operations to be very advanced. It is an important optimization that the solutions are 
shorter and closer to reality, and this can be done with the remapping method. With this method, the explosion loads obta-
ined from 1D analysis can be integrated into 2D and 3D analyses with certain methods, and the duration of these analyses is 
reduced and their accuracy is increased. Within the scope of this study, the methods and approaches for the application of 
remapping technique are explained. As a result of this study, it will help those who want to perform explosion simulations 
to obtain more accurate results in a shorter time with less processing power, and it will pave the way for many scientific 
studies to be carried out.
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INTRODUCTION

When an explosion occurs, some results occur. De-
tection of the effects resulting from the explo-

sion can be of critical importance for many situations. 
Because the effects of the explosion can cause high 
destruction. Conducting tests with real explosives is a 
method for detecting explosion effects, but such tests 
are both very costly and subject to many permit proce-
dures. Since such tests are costly and require high-tech 
products for measurement, it is not possible to verify 
the same tests by repeating them or to conduct sepa-
rate tests for different situations. There are some ex-
perimental studies conducted from the Second World 
War to the present [1]. Some of them are state-suppor-
ted and quite comprehensive. Some are experiments 
that observe more limited situations for the detection 
of special situations. These experiments have become 
even more valuable today because with the advance-
ment of technology, explosion experiments can be si-
mulated in a computer environment, and these nume-
rous analyzes can be verified with these experimental 
results. With numerical analyzes, many different tests 
can be performed in a short time and useful outputs 
are obtained [2]. The verification of the results obtained 
from these simulations is possible by comparing them 
with experimental data. In many academic studies, the 
results obtained from these experiments have been 
used to verify numerical analyses.

Although simulations provide more practical and fas-
ter solutions than explosion experiments, very high-
capacity computers and long periods of time may be 
required to solve some complex analyses. Such delays 
may disrupt studies or make them inaccessible. For this 
reason, methods have been developed that can use 
computers with lower specifications and allow faster 
analyses. One of these methods is the Remapping met-
hod, which can also be used in the AUTODYN program. 
Remapping application, 1D analysis is created with very 
small meshes and the resulting situation is integrated 
into the 2D or 3D Euler environment. The explosion si-
tuation that reaches a certain stage in 1D analysis conti-
nues in accordance with the new Euler environment to 
which it is integrated. [3].

When close range explosion cases are examined, the 
data obtained are seen to be according to spherical or 
hemispherical explosive shapes and the explosion point 
is accepted as the most central. This idealized situation 

should be accepted as the starting point because the 
explosive shape and the starting point of detonati-
on affect the results a lot and may prevent validation. 
Within the scope of this study, it is assumed that the 
hemispherical explosives on the ground explode from 
their centers[4].

In the literature, it is seen that remapping analyses are 
performed in many different numerical analysis prog-
rams. Various verifications and comparisons of the 
result data and evaluation of the method have been 
made. T. C. Chapman et al. described the application of 
AUTODYN remapping method and verified the analysis 
results with CONWEB [2]. J. Shin et al. compared the 
results of remapping methods in AUTODYN and Air3D 
software in their study [4]. M. Johansson and his colle-
agues investigated the remapping method for different 
explosives and compared the values [5]. In the scope of 
our study, many different semi-empirical methods were 
included in the evaluation for verification. In order to 
support the results, numerical analysis was performed 
with AUTODYN and separate analyses were performed 
for two different environments. The reliability of the 
method and the application was tested with double ve-
rification. The results are quite consistent.

Methodology of Remapping at AUTODYN

Numerical analyses used as an alternative to experi-
ments with real explosives can be performed with vari-
ous package programs. One of the most widely used of 
these is the AUTODYN software. This software has been 
verified with real experiments in many scientific articles 
and is an application that has been used for many years. 
It is suitable for 1D, 2D and 3D analyses and these met-
hods can be used together to speed up analyses and 
produce more accurate results.

Remapping Method
The remapping method is a widely used method for AU-
TODYN in the analysis of explosive effects. It is possible 
to obtain the behavior of the explosive with high pre-
cision and low time in 1D analysis. It is known that the 
mesh size is very important in the correct transfer of 
behavior [6]. As seen in Figure 1, even if the mesh sizes 
are taken very small, the total mesh number will be qu-
ite low compared to 2D and 3D analyses. And the simu-
lation here takes a very short time to complete. In 2D 
and 3D analyzes, especially in air modeling, the use of 
small meshes greatly increases the number of meshes 
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and increases the analysis times [7]. The results obtai-
ned from 1D analysis are quite useful and can be used 
directly with remapping in 2D, 3D analyzes. This helps 
to shorten the duration of the analyzes. The explosion 
type obtained with the remapping method occurs as a 
global effect in the open air. In the 2D or 3D explosion 
environment scenarios to be analyzed, the results obta-
ined from 1D analyzes can be used up to the limit where 
the explosive will behave globally.

Validation of the Remapping Method
Empirical formulas created with experimental data 
have different limitations in different methods, but the 
general approach is the mass scale application. Since 
the explosive effects and distance are directly related, 
it is seen that methods based on this relationship are 
developed. Since the explosive effects depend on many 
factors, even in repeated experiments with real explosi-
ves, the results presented by these experimental semi-
empirical formulas are similar and compatible with each 
other, but they are not completely the same.

The meanings of the symbols used in the formulas given 
below are as follows:
Z= Scaled Distance
R= Distance to explosion point (m)
W= Weight of explosive TNT equivalent (kg)

Kingery-Bulmash Free Air Blast Peak Pressure Formula 
and Table of Constants [8,9,10]:
Blast-resistant design is primarily aimed at modeling 
the effects of the blast. In the United States, the United 
Kingdom, Australia, and many other countries, this inc-
ludes the use of empirical charts such as UFC 3-340-02 
(DOD 2008) developed by Kingery and Bulmash (1984)
[4]. The formulas developed by this method include 
explosion effects such as explosion pressure amount, 
explosion effect time, impulse amount, and there are 
different data for free air explosion and semi-spheri-
cal, close-to-earth explosion scenarios. They have also 
managed to formulate the reflected pressure and ref-
lected impulse values   as a result of their studies. The 
obtained graph is shared as Figure-2. The formulas of 
this method for open air free explosion is below.

PKB= Pressure value (kPa) resulting from open air explo-
sion obtained by Kingery-Bulmash method

U, K0, K1, K2, C0..C8 values   are certain constants and 
are known to be obtained from experimental data [8].

Z WR /
1
3
    

(1)

U K K Z0 1 lo    (2)

. . .PKB
C C U C U C UN

N

10 0 1 2
2

  (3)

Figure 1. Very fine mesh size at 1D analysis.
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Incident Peak Overpressure, Ps (Unit: kPa)

Z Ko K1 K2

0,05~40
 (Unit: m/kg1/3)

-0,214342789141 1,35034249993

C0 C1 C2

2,661368669 -1,69012801396 0,00804973591951

C3 C4 C5

0,336743114941 -0,00516226351334 -0,0809227619888

C6 C7 C8

-0,00478507266747 0,00793030492242 0,00076884469735

Table 1. Kingery-Bulmash Free Air Blast Incident Peak Overpressure Conctants [8].

Figure 2. Kingery-Bulmash Positive phase shock wave parameters of free-air burst [11].
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Heinrich Free-Field Air Explosion Peak Pressure Formula 
[12]:
The Henrch method is also widely used, and the data 
obtained from experimental data has enabled the de-
velopment of an empirical formula.

PH= Pressure value (kPa) resulting from open air explosi-
on obtained by Henrch method (Formula 4,5,6)

P
Z Z Z Z

ZH
1 379 0 543 0 035 0 006 0 05 0 32 3 4
, , , ,

     
 (4)

P
Z Z Z

ZH
0 607 0 032 0 209 0 32 3
, , , 11 0

     
 (5)

P
Z Z Z

ZH
0 065 0 397 0 322 1 02 3
, , , 110 0

      
(6)

Brode Open Air Explosion Peak Pressure Formula [13]:
Brode adapted the formula for the shock wave overp-
ressure of an infinite ideal gas by numerical simulation 
as follows:

PB= Pressure value (kPa) resulting from open air explosi-
on obtained by Brode method (Formula 7,8)

P
Z Z Z

ZB
0 096 0 143 0 573 0 0019 0 0098 0 982 3
, , ,

      
 (7)

P
ZB
0 657 0 0983
, Z 0 98

       
(8)

Ruce Wang Sphere Explosive Peak Pressure Formula in 
Open Air [14]:
Ruce Wang’s method is again based on mass scaling and 
has formulated the pressure of a spherical explosive 
open-air explosion through experiments.

PRW= Pressure value (kPa) resulting from open air exp-
losion obtained by Ruce Wang method

P
Z Z Z

ZRW
0 082 0 26 0 69 0 52 3
, , ,

     
(9)

The data obtained from the simulation is also expected 
to be compatible with semi-empirical experimental 
methods. The analyses were made for the effects of 10 
kg and 100 kg TNT explosives. The purpose of verifying 
the two different explosive loads with semi-empirical 
results is to make double verification. TNT and Air ma-
terial parameters from the AUTODYN library were used.

Material TNT

Equation of State JWL

Reference Density 1.630 [g/cm3]

Parameter A 3.7377E+08 [kPa]

Parameter B 3747100E+06 [kPa]

Parameter R1 4.15

Parameter R2 0.9

Parameter W 0.35

C-J Detonation Velocity 6.9300E+03 [m/s]

C-J Energy / Unit Volume 6E+06 [kJ/m3]

C-J Pressure 2.1E+07 [kPa]

Table 2. Material Properties of TNT [15].
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Comparison Of The Results Of 1D Analyses For 
Remapping With Experimental Data
The analysis data are compared with the results obta-
ined from the experimental semi-empirical methods 
mentioned above. These methods are Kingery-Bulmash, 
Henrch, Brode and Ruce Wang. The average of the re-
sults obtained from these methods is taken because the 
results of these methods are close to each other and 
have the same behavioral tendency. The reason for ta-
king the average is to make the display of the results 
more understandable. The results are shared as Figure 
3 and Figure 4. 

The results shown in figure-3 give the peak pressure va-
lues   of 10 kg explosive in the range of 1m to 6m. Since 
the values   decrease significantly after the distance of 
6m, the display of the result has been determined up 

to this point. The values   seen in figure-4 give the values   
of 100 kg explosive in the range of 3m to 13m. Since 
there was a very close explosion before 3m for 100kg 
TNT, it was started with 3m since it was challenging the 
working boundary conditions of both semi-empirical 
methods and the analysis was ended with 13m since it 
approached the environment limit. The results obtai-
ned with smaller mesh sizes show a trend compatible 
with each other and with semi-empirical methods.

It is clearly seen that the results are compatible with 
the experimental data. It is seen that these results give 
different results for different mesh sizes, and it is un-
derstood that the most sensitive results are provided 
with 1 mm mesh. It can be said that 1 mm mesh size is 
sufficient for these quantities in 1D analysis.

Material Air

Equation of State Ideal Gas

Reference Density 1.225E-03[g/cm3]

Gamma 1.4

Adiabatic Constant 0

Pressure Shift 0 [kPa]

Reference Temperature 288.2 [K]

Specific Heat 717.6 [J/kgK]

Thermal Conductivity 0 [J/mKs]

Table 3. Material Properties of Air [15].

Figure 3. 1D Pressure – Time Result from 1m to 6m to 10 kg TNT.
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Utilizing 1D analysis in 2D analysis with the 
remapping method
Simulating the explosive can be done with the remap-
ping method, as well as by modeling the geometry of 
the explosive itself and detonating it. Images of these 
two different environments are shared in Figure 5.

In case the analysis is done by directly modeling the real 
dimensions of the explosive, the explosive mesh size will 
be the same as the mesh size of the environment and 
will prevent the explosive, which is quite small in size 
compared to the environment, from having a realistic 

geometry. In the graph shown in Figure 6, the explosive 
modeled with 1 mm mesh size in 1D analysis using the 
Remapping method is transferred to the 20 mm mesh 
size environment, as well as the results of the environ-
ment where the explosive is directly modeled with 20 
mm mesh sizes and the average of the experimental 
data. As can be seen from the data, the values   are close 
to each other and it can be understood that the analy-
sis using the data obtained in the remapping method is 
more approximate at distances close to the experimen-
tal data. It can be determined that the remapping met-
hod gives faster results as well as more accurate results.

Figure 4. 1D Pressure – Time Result from 3m to 13m to 100kg TNT.

Figure 5. Appearance of explosives depending on mesh size (a) 1mm mesh from remapping, (b) 20mm mesh from air domain.
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The data in the graphs are named as follows:
The graphs shown as “20mm” show the values   resulting 
from transferring the 1mm mesh size domain in the 1D 
analysis to the 20mm mesh size 2D domain with the re-
mapping method (for example: 20mm, 15mm, 10mm).

The results named as like “20mmtnt” show the analy-
sis results where the explosive is modeled with its real 
dimensions within the 2D domain and both the explo-
sive. That domain are divided into meshes with these 
dimensions, and the remapping method is not used (for 
example 20mmtnt, 10mmtnt)

In 2D analyses, the values   resulting from modeling the 
explosion environment with 20 mm mesh were exami-
ned, and a significant increase in analysis times was ob-
served when the explosive was modeled without using 
the remapping method. This analysis shows that if the 
mesh size used for direct modeling of the explosive in 
the environment was taken as 10 mm, the times inc-
reased even more. The analysis data obtained and the 
data obtained from the remapping method are shown 
in Figure 7.

Figure 7. Pressure-time relationship as a result of the experiment carried out in 10 mm and 20 mm mesh air environment, where the 
explosive was directly modeled for both.

Figure 6. Pressure-time relationship as a result of the numerical analysis where remapping and direct explosive modeling were per-
formed in 20 mm mesh air environment.
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All the results obtained with the remapping method and 
the results obtained from the studies where the explo-
sive was modeled in the same environment are shared 
in Figure 8 together with the mesh size information. The 
effect of using small mesh and applying the remapping 
method can be understood from the graph.

The main purpose of using 1D analyses with remapping 
is to shorten analysis times in 2D and 3D real-like envi-
ronments and to ensure that the results are closer to 
the truth. When the obtained results are compared 
with the data obtained by modeling the explosive itself 
without remapping, it can be seen that the time and 
accuracy change.

For example, if the effect of an explosive on a structure 
such as a wall is to be examined in 2D analyses, a part of 
the distance between the explosive and the wall can be 

solved with the remapping method and the relationship 
between the explosive and the wall can be examined. 
The aim should be for the domain distance of the 1D 
analysis used in the remapping method to be shorter 
than the place where the interaction will be provided 
and for the interaction to occur after the analysis starts. 
When the analysis is designed in this way, the interacti-
on of the explosive close to the ground with the ground 
is seen as seen in Figure 9. As seen in Figure 10, the 
explosion analysis obtained with the remapping met-
hod cannot be performed with the interaction of a bar-
ricade-like wall-like structure. As seen in Figure 11, the 
analysis of reflection effects on walls in closed spaces 
and indoor explosions can be performed in this way. Si-
milar analyses can also be performed in 3D using the re-
mapping method. 2D and 3D analyses have the same fe-
atures in terms of the techniques and approaches used.

Figure 8. Pressure time graph for domains with different mesh sizes where explosives are modeled with remapping and real dimen-
sions.
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Figure 9. Sample images of near-ground explosion simulations using the remapping method.

Figure 10. Sample images of the pressure wave interaction with the wall using the remapping method.
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Conclusion

Explosion experiments are quite difficult to perform 
using real explosives due to both occupational safety 
risks and procedural obstacles. For this reason, explo-
sion analyses and behavior determination using nume-
rical analysis methods are widely used. One application 
where these analyses are performed is the AUTODYN 
program. In order for these and similar analysis prog-
rams to provide the required accuracy, the modeled 
environment is expected to be close to reality. This 
needs to be presented in the most optimum way. As 
details increase, processing times increase and more 
advanced devices are needed. For this reason, the use 
of the Remapping method, which is both more realistic 
and requires less processing power, appears as a very 
useful solution. The aim of this study is to facilitate the 
examination of explosion effects, to help obtain effecti-
ve working environments and times, and to contribute 
to the presentation of accurate studies. In the light of 
this study, it is aimed to enable other researchers to 
conduct studies where opportunities were previously 
insufficient, by obtaining results that are quite close to 
the truth.

In the study, different analyses were performed using 
different amounts of explosives. These analyses were 
repeated with and without the remapping method. The 
results obtained were compared with the averages of 
the data obtained from different semi-empirical met-
hods. It was concluded that the results obtained with 
the remapping method gave more accurate results than 
those obtained with semi-empirical methods for two 
different experimental environments.
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