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CHAPTER 1:  INTRODUCTION 

1.1.  BACKGROUND.  The Department of Defense Explosives Safety Board (DDESB) has had 
an active role in producing various explosion effects computation aids for over 35 years1-7* 
(copies of References 3 through 7 are provided as Appendices A through E in Reference 8).  In 
1978, this culminated in the release of a circular slide rule called the “Blast Effects Computer” 
(BEC).  This slide rule was designed to solve problems and provide data related to the expected 
damage to various potential targets due to blast effects resulting from an explosion of 
ammunition or explosives stored above ground or in earth-covered magazines (ECMs).  In the 
late 1990’s, the DDESB sponsored an effort to develop a new version of DDESB BEC in the 
form of an Excel spreadsheet.  This work later included development of Technical Paper (TP) 17 
to provide documentation on the basis for the BEC.  TP 17 and the BEC are a compendium of 
the best available pressure/impulse data based on empirical evidence.  This TP, and the BEC-
Open (BEC-O), are based on TP 17 and the BEC but have been revised appropriately to achieve 
a Distribution Statement A designation. 

1.2.  USE OF TP 20 AND THE BEC-O 

The BEC-O is a computational aid representing a “compilation of available explosion effects 
information used to estimate the risk of damage or injury from blast at various distances from the 
source to the target.”2  TP 20 is a technical paper detailing the methods and algorithms used 
within the BEC-O while also providing a user’s manual for the tool itself.  Data and equations in 
this TP are given in English units (e.g., foot or feet (ft), pounds (lbs), pounds per square inch 
(psi)), with the International System of Units (SI) metric equivalents shown in yellow 
highlighting (e.g., meters (m), kilograms (kg), kilopascals (kPa)). 

 The BEC-O may be used to understand and assess risks for risk-based site plans and risk 
assessments, especially in situations where minimum quantity-distance (QD) requirements 
cannot be met.  An additional use for the BEC-O and the TP 20 is test planning.  During the 
process of planning a test, it is important to begin by determining the expected results.  The 
BEC-O can be useful to test planners because TP 20 and the BEC-O represent a compilation of 
the best available test data combined with analytical methods.  For example, the BEC-O can be 
used to determine locations for pressure gauges, targets, and other equipment during testing.  
Equipment can be located in hopes of achieving a specific result at a given distance from the 
detonation site using site specific test conditions. 

 
 
 
 
 
 
 
_______________________ 
*Superscript numbers designate references listed at the end of this document.   
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TP 20 and the BEC-O should not be used in lieu of the procedures in Unified Facilities 
Criteria (UFC) 3-340-02 and criteria in DoD Manual (DoDM) 6055.09 to determine blast loads 
for protective construction analyses and designs to be submitted for DDESB approval.  
Furthermore, the BEC-O shall not be used to reduce DoDM 6055.09 minimum QD requirements 
to or from ammunition and explosives (AE) facilities or to calculate design blast loads on ECMs.  

1.3.  CAPABILITIES OF BEC-O VERSION 1 

The BEC-O computes the airblast and the airblast effects produced by a detonation either in 
the open or inside selected potential explosion sites (PESs).  The BEC-O is optimized for airblast 
predictions.  It takes into account each of the following:  

• The effect of the PES. 

• The type of munition. 

• The trinitrotoluene (TNT) equivalence of the explosive (based on both peak pressure 
and positive impulse). 

• The atmospheric conditions (altitude/barometric pressure and temperature) of the 
event. 

It provides for input and output in both English and SI units.  The BEC-O’s algorithms are 
based on reported, experimental results and its outputs are within a few percent of actual 
measured data for each of the input options.  

Note that within BEC-O V1, all munition specific data has been removed in order to generate 
an unlimited distribution version of the tool.  Throughout the remainder of this document there 
may be references to selection of a weapon type.  Within BEC-O V1, the only weapon type is 
“Bulk/Light Cased.”  Additionally, the explosive types which may be selected from the drop-
down menu have been reduced within BEC-O V1 in order to remove any sensitive data and 
produce an unlimited distribution version.  

The following PES types are considered: 

• Open Storage/Hemispherical TNT Standard. 

• ECM and High Performance Magazine (HPM) (Front, Side, and Rear orientations). 

• Third Generation Hardened Aircraft Shelter (TGHAS) (Front, Side, and Rear 
orientations). 

• Aboveground Structure (AGS) (Masonry and Concrete construction) (Note: An AGS 
is a non-earth covered aboveground structure. 

• International Organization for Standardization (ISO) Container. 

• Ship. 
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The following munition types and their default explosive fills are considered: 

• Bulk/Light Cased (TNT) 

The BEC-O uses separate, independent TNT equivalences—one based on peak pressure and 
one based on positive impulse.  Table 1-1, provides a listing of the explosive types and their 
TNT equivalences that are available to the user within the BEC-O.  Note that the values in Table 
1-1 are from public release documents.  Other TNT equivalency values may be substituted based 
on the explosive type and available information.  

Table 1-1.  Explosives and Their TNT Equivalences 

 
Table 1-1 References:  
a. American Society of Civil Engineers ASCE/SEI Standard 59-11, “Blast Protection 

of Buildings,”,2011. 
b. Napadensky, Hyla and Swatosh, James, “TNT Equivalency of Black Powder, 

Volume 1: Management Summary and Technical Discussion,” IITRI Report J6265-
3, IIT Research Institute under the technical direction of Manufacturing Technology 
Directorate.  

If none of the table entries satisfy the needs of the User, the Explosive Type “Other – User 
Defined” may be selected via the drop down menu and the TNT equivalences entered into the 
BEC-O.  (Note:  The equivalence of an energetic material, munition, or explosion will vary with 
the distance at which it is computed.10  If this variation is large, care should be taken to account 
for this.)  
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Pressure equivalence is associated with each of the following airblast parameters: 

• Time of Arrival 

• Over Pressure 

• Reflected Pressure 

• Dynamic Overpressure 

Impulse equivalence is associated with each of the following parameters: 

• Positive Phase Duration 

• Positive Phase Impulse 

• Reflected Impulse 

• Dynamic Overpressure Impulse 

The following airblast parameters are computed in the BEC-O: 

• Time of Arrival 

• Overpressure 

• Reflected Pressure 

• Positive Phase Duration 

• Positive Phase Impulse 

• Reflected Impulse 

• Dynamic Overpressure 

• Dynamic Overpressure Impulse 

The following airblast effects are estimated: 

• Probability of Window Breakage 

• Probability of Ear Drum Rupture 

• Probability of Lethality Due To Lung Damage 

The BEC-O predicts the airblast for sea level conditions (14.696 psi/101.329 kPa and 59 
Fahrenheit (°F)/15 Celsius (°C)) and for the input conditions specified at the event site.  If the 
PES is not at or very near sea level conditions, corrections should be made for the atmospheric 
conditions (barometric pressure and temperature).  These corrections are implemented in the 
BEC-O by entering either an altitude or atmospheric pressure and the temperature at the event 
site.  The BEC-O displays the computed correction factors and two sets of output predictions in 
the Output Section—one for sea level and one for the conditions specified.  It should be pointed 
out the BEC-O only addresses situations where both the PES and the exposed site (ES) are at the 
same conditions (temperature and barometric pressure). 
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Finally, two Summary Tables giving most of the airblast parameters as a function of distance 
from the PES are generated:  one for sea level conditions and one for the conditions at the event 
site.  

1.4.  SYSTEM REQUIREMENTS 

BEC-O is written as an Excel Spreadsheet template.  In order to run the BEC-O, Excel 97 - 
2003 (or later) must already be installed on your computer.  Simply copy the template to your 
hard drive.  

When you open the template, Excel makes a copy of the spreadsheet for you to use.  Changes 
that are made affect only the copy—the original template is preserved.  The copy of the 
template is a new, unsaved document with a temporary name based on the template name.  For 
example, when you open the BEC-O template named BEC-O V1.xlt, Excel gives the copy the 
temporary name BEC-O V1.  When you save or close the copy, the Save As dialog box appears.  
You can type a new name for the document, accept the temporary name suggested by Excel, or 
you don’t save this copy when you close out.  

Because it is written as an Excel template, the BEC-O should run on any machine that can 
run Excel.  At this time, however, it has been tested only on Windows machines. 

1.5.  INCORPORATION OF NEW DATA.  The yield functions within the BEC-O are based 
on experimental data which have been analyzed and incorporated into the BEC-O algorithms.  
This requires analyzing and curve fitting test data.  The DDESB welcomes the opportunity to 
evaluate additional test data for possible incorporation into the BEC-O, especially data for new 
and/or unique scenarios which are not currently included in the BEC-O and which are of interest 
to the DoD.  To provide additional data for consideration and/or inclusion into TP 20 and the 
BEC-O, please contact: 

Lea Ann Cotton 
DDESB, Policy Development Division 
571-372-6777 
DSN 372-6777 
Lea.a.cotton.civ@mail.mil 
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CHAPTER 2:  BEC-O AIRBLAST MODELING 

2.1.  GENERAL METHODOLOGY 

References 3 through 8 document the history and development of the BEC-O.  They also 
provide more detailed information on the development and basis of the algorithms used by the 
BEC-O.  

The BEC-O uses the equations for a hemispherical TNT surface burst11 as its “basic airblast 
engine” to generate the various airblast parameters.  For situations other than a hemispherical 
TNT surface burst (various types of munitions in the open or detonations inside a PES), the 
BEC-O calculates two yields called Equivalent Hemispherical Weights for pressure and impulse.  
These yields are functions of the scaled distance (distance divided by the cube root of the 
explosive weight) from the center of the event and the type of munition or structure selected.  
The BEC-O then uses these effective yields in conjunction with the hemispherical TNT surface 
burst curves and the pressure and impulse equivalences for the energetic materials to generate the 
appropriate airblast parameters.  This process is described in detail within this chapter.  

2.2.  USER INPUTS AND SELECTION.  The first step of using the BEC-O software is for the 
user to select inputs from the list below.  Note that inputs should be entered based on the actual 
location of the detonation.  The BEC-O will automatically compute the corresponding conditions 
at sea level.  In other words, if the detonation is intended to occur at a site that is 4,000 ft above 
sea level, the user should enter all factors as they would exist at the detonation site.  

• PES 

• Type of Munition (within BEC-O V1 Bulk/Light Cased is the only option) 

• Type of Explosive  

• Net Explosive Weight (NEW) Basis (either the Total NEW or the Number of Items) 

• Total NEW or Number of Items (depending on the choice for NEW Basis) 

• Distance to ES 

• Temperature at the PES 

• Atmospheric Scaling Basis (either the Altitude of the PES or the Barometric Pressure 
at the PES) 

• Altitude or Pressure (depending on the choice for Atmospheric Scaling Basis) 

2.2.1.  Select Potential Explosion Site (PES).  The PES type is selected via a drop-down 
menu using the conditions of the PES.  For example, if the ES is hazarded by the front of an 
ECM, the correct selection would be the “ECM or HPM – Front” option.  The “Open 
Storage/Standard” option assumes that the PES is not a type of structure.  Thus, the “Open 
Storage/Standard” does not include directional or structural effects.  



DDESB TP 20, 11 June 2018 
 

CHAPTER 2:  BEC-O AIRBLAST MODELING 8 

2.2.2.  Select Type of Munition.  The type of munition is selected from a drop-down menu.  
The munition type selected should be as close a match as possible to the user’s actual munition.  
Within BEC-O V1, the only option is Bulk/Light Cased as munition specific data has been 
removed to create a public release version of the tool.  

2.2.3.  Select Type of Explosive.  When the User selects a Munition Type from a drop down 
menu, the BEC-O automatically sets the Explosive Type to the default explosive for that 
munition.  The following are the default explosives for each weapon type: 

• Bulk/Light Cased: STANDARD—TNT 

2.2.3.1.  The User then has the option of changing the Type of Explosive via another drop 
down menu.  

2.2.3.2.  The explosive type can be used to modify the overpressure and impulse effect of 
the selected munition such that it more closely approximates the User’s munition.  If the user 
selects “Other - User Defined” for the Explosive Type, they will be given the opportunity to 
enter TNT equivalences for pressure and impulse.  It the user selects “Other - User Defined” and 
does not enter TNT equivalences for pressure and impulse, a value of 2.0 will be assumed for the 
pressure equivalence and 1.0 for the impulse equivalence. 

2.2.4.  Select New Basis.  The user must select the basis to be used for determining the NEW 
(i.e., the user must select whether the “Total NEW” or “Number of Items” will be used to 
determine the NEW).  

2.2.5.  Total NEW or Number of Items.  If the user selects “Number of Items” for the NEW 
Basis, the BEC-O will request an input for the Number of Items and the total NEW will be based 
on the product of the number of munition items and the NEW for the selected munition type. If 
the user selects “Total NEW” for the NEW Basis, the BEC-O will request an input for the total 
NEW which will be used directly.  Note that if the munition type selected is “Bulk/Light Cased: 
STANDARD,” the NEW must be based on a user-entered Total NEW. 

2.2.6.  Distance to ES.  The user should enter the distance between the detonation site (i.e., 
the PES) and the point at which the detonation effects are to be determined (i.e., the ES).  

2.2.7.  Temperature.  The user should enter the air temperature at the PES.  If the 
temperature is not known, the default value of 59 °F (15 °C) may be left unchanged.  

2.2.8.  Select Atmospheric Scaling Basis.  The user must select the basis to be used for 
determining the atmospheric scaling effects (i.e., the user must select whether “Altitude” or 
“Pressure” will be used as the basis to determine the effects of the atmospheric pressure on the 
airblast).  

2.2.9.  Altitude or Pressure.  If the user selects “Altitude” for the Atmospheric Scaling 
Basis, the BEC-O will request an input for the Altitude at the location of the PES.  If the user 
selects “Pressure” for the Atmospheric Scaling Basis, the BEC-O will request an input for the 
barometric pressure at the location of the PES.  
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2.3.  INITIAL CALCULATIONS 

Based on the Type of Munition and the Number of Munitions or Total NEW entered, the 
non-entered value can be determined.  Note that if the munition type selected is “Bulk/Light 
Cased:  STANDARD,” the NEW per munition, Ws, will default to a value of 1 lb or 0.454 kg 
and calculate the Number of Munitions as a number equivalent to the Total NEW.  

  W = N * Ws  English or SI Units  (2-1) 
  N = W/Ws   English or SI Units  (2-2) 
 where, 
  W = Total NEW of all munitions 
  N = Number of munitions 
  Ws = NEW of a single munition9  

Once the Total NEW has been determined and the Distance to the ES has been entered, the 
scaled distance at the user-entered altitude (Zalt) can be determined.  Note that within the BEC-O 
it is essential to ensure that the appropriate scaled distance is being used.  While the user inputs 
values at the desired altitude of the PES, equations within the BEC-O are based on tests which 
were all assumed to occur at sea level.  Thus, all scaled distance values within this TP will have a 
subscript indicating whether the value is determined at the user-entered altitude (alt) or at sea 
level(s).  

  Zalt = R/W1/3   English or SI Units  (2-3) 
 where, 
  Zalt = Scaled distance to ES at user-entered altitude 
  R = Distance to ES at the detonation site 

2.4.  EXPLOSIVE PARAMETERS.  In the Output Section of the BEC-O there is a section 
labeled “Explosive Parameters.”  The values presented in this section of the report are 
intermediate calculations necessary to determine the final airblast parameters at sea level and the 
entered PES location. 

2.4.1.  Look-Up/Easily Determined Values 

2.4.1.1.  The first line in the Explosive Parameters section is the Total NEW for all items.  
This is either equivalent to the user entered Total NEW or is the total NEW as calculated based 
on the user entered input for Number of Items as described in Section 2.2.  

2.4.1.2.  The second line indicates amount of explosives contained within one of the 
items selected.  The NEW per munition for Bulk/Light Cased items is 1.0 lb (0.45 kg). 
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Table 2-1.  Item Description 

 

2.4.1.3.  The third and fourth lines indicate the TNT Equivalence Factor for Pressure and 
Impulse.  These are repeated either from the user input values if the Explosive Type of “Other – 
User Defined” was chosen or selected from the look-up of available explosive types (Table 1-1). 

2.4.2.  Equivalent Hemispherical Weights.  Note that at this point in the calculations, the 
BEC-O begins altering output based on the PES type selected.  This is because each PES has a 
different effect on the Equivalent Hemispherical Weight.  Sometimes the PES will decrease the 
Equivalent Hemispherical Weight due to the dampening effect of the PES while other times, like 
from the front of an ECM, the equivalent hemispherical weight may be increased due to a 
focusing effect.  Also, note that all calculations within this section are still for values at the user-
entered altitude.  

2.4.2.1.  Open Storage/STANDARD PES, Bulk/Light Cased:  STANDARD Munition 
Type 

2.4.2.1.1  When an Open Storage/STANDARD PES is selected, the BEC-O will 
adjust the user-entered NEW to a TNT Equivalent NEW.  When any PES other than Open 
Storage/STANDARD is selected, the BEC-O will not adjust results based on the user-selected 
Explosive Type and/or TNT Equivalence.  This is because the BEC-O assumes that in all cases 
except open storage, the effects of the PES will strongly overshadow variations in the items 
being stored. 

2.4.2.1.2.  The fourth and fifth lines in the Explosive Parameters section list the 
Pressure and Impulse TNT Equivalent NEW for Calculations (WTNT,calc,P and WTNT,calc,I).  For 
Open Storage/STANDARD PES, these values are the Total NEW multiplied by the appropriate 
TNT Equivalence Factor. 

 WTNT,calc,P = W*EP  English or SI Units  (2-4) 
 WTNT,calc,I = W*EI  English or SI Units  (2-5) 

For PES other than Open Storage/STANDARD, these values are equivalent to the total NEW.  

 WTNT,calc,P = W  English or SI Units  (2-6) 
 WTNT,calc,I = W  English or SI Units  (2-7) 

2.4.2.1.3.  The next step is to determine the equivalent hemispherical weight for 
pressure and impulse, HP,alt and HI, alt.  These terms represent the equivalent amount of bare 
hemispherical explosives in the open required to achieve the same effect as the user-input 
explosive characteristics within the PES.  Again, the TNT Equivalency factors will be applied 
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when an Open Storage/STANDARD PES selection is made and not applied when any other PES 
type is selected.  

2.4.2.2.  Open Storage/STANDARD PES, Bulk/Light Cased Munition Type.  If the PES 
selected is Open Storage/STANDARD and the munition type selected is Bulk/Light Cased the 
equivalent hemispherical weights for pressure and impulse are as shown in Equations 2-8 and 2-
9.  Note that these equations are only factored by the TNT equivalence.  The standard pressure 
and impulse equations were developed based on a TNT explosive charge.  Thus, the only 
adjustment to any bare explosive is to account for the change in TNT equivalency.  

 HP,alt = W*EP  English or SI Units  (2-8) 
 HI,alt = W*EI  English or SI Units  (2-9) 

where, 
 HP,alt = Equivalent Bare Hemispherical Weight for Pressure at Altitude 
 HI,alt = Equivalent Bare Hemispherical Weight for Impulse at Altitude 
 EP = Pressure TNT Equivalence based on user selection 
 EI = Impulse TNT Equivalence based on user selection 

2.4.2.3.  PES Types Other Than Open Storage/STANDARD.  If the PES selected is 
anything other than Open Storage/STANDARD the equivalent hemispherical weights for 
pressure and impulse are computed based on the yield functions for that PES structure.  Though 
the munition type in this case should not change the output, if the user opted to enter number of 
munitions, the munition type selections will affect the total NEW and thus appear to have an 
effect on the hemispherical weight.  For PES selections other than Open Storage/STANDARD 
the equivalent hemispherical weights for pressure and impulse are calculated as shown in 
Equations 2-10 and 2-11.  For those PES selections, the yield function is based on testing of the 
PES structure only.  

 HP,alt = W*FP  English or SI Units (2-10) 
 HI, alt = W*FI  English or SI Units  (2-11) 

2.4.3.  Pressure and Impulse Yield Functions. 

2.4.3.1.  The pressure and impulse yield functions (FP and FI) used in Equations 2-10 and 
2-11 are of the form:  

 F = exp[A + B*ln(Zalt) + C*ln2(Zalt) + D*ln3(Zalt) + E*ln4(Zalt) + F*ln5(Zalt) 
 + G*ln6(Zalt)]    (2-12) 

2.4.3.2.  Where A, B, C, D, E, F, and G are curve fit constants as shown in Table 2- and 
Zalt is the scaled distance as defined in Equation 2-3.  The curve fit equations are used only when 
the scaled distance, Zalt, determined using the user inputs is within the valid range of scaled 
distances shown in the tables.  If Zalt is lower than the tested range (Zmin), the value of the Yield 
Function, F, used within the BEC-O is set to the value shown in the tables as Fmin.  If Zalt is 
higher than the tested range (Zmax), the value of the yield function, F, used within the BEC-O is 
set to the value shown in the tables as Fmax.  
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2.4.3.3.  The experimental data were used to generate the yield as a function of distance 
curves that are given in Table 2-2. 
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Table 2-2a.  Yield Functions for PES other than Open Storage (English Units) 
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Table 2-2b.  Yield Functions for PES other than Open Storage (SI Units) 
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2.5.  ATMOSPHERE PARAMETERS.   

2.5.1.  The atmosphere parameters section lists the factors necessary to make the adjustments 
to airblast based on the altitude and temperature at the explosion site.  As previously discussed, 
the user enters input values at the altitude at which the detonation is to occur.  The BEC-O then 
will make adjustments to the user-inputs in order to perform calculations based on sea level 
conditions.  Results of the BEC-O analysis are factored again to display the final predicted blast 
effects at the user-input altitude.  In other words, because the standard blast effects equations 
(Kingery-Bulmash equations18) were developed for sea-level conditions, it is necessary to 
convert the user-inputs to sea level conditions in order to perform the calculations.  Then it is 
also necessary to convert the analysis results from sea level to the user-input altitude in order to 
predict blast effects at altitude.  

2.5.2.  The pressure of the atmosphere is either set to a value equivalent to the user entered 
pressure or determined based on the user entered altitude as: 

 Palt = Pstd*exp(-3.7688x10-5*A)  English Units  (2-13) 
 Palt = Pstd*exp(-1.2365x10-4*A)  SI Units 

where, 
 Palt = Pressure at a specified altitude (psi or kPa) 
 Pstd = Atmospheric Pressure at sea level (psi or kPa)  
  = 14.696 psi or 101.325 kPa 
 A = Altitude (ft or m)  

2.5.3.  The temperature for the event is the temperature as listed in the Inputs Section of the 
BEC-O.  This is either user-entered or the default value of 59° F (15° C).  

2.5.4.  The next four lines within the Atmosphere Parameters section list the scaling factors 
needed to convert explosion effects from standard sea level conditions to the user-input 
atmospheric parameters (altitude, barometric pressure, and temperature) and vice versa.  The 
scaling factors shown in Equations 2-14 through 2-17 are used as shown in Sections 3.64 through 
3.66 of “The Effects of Nuclear Weapons” by Glasstone22.  

 Sp = Palt/Pstd  English or SI Units  (2-14) 
 Sd = (Pstd/Palt)1/3  English or SI Units  (2-15) 
 St = (Pstd/Palt)1/3*(288.16/T)1/2  English or SI Units  (2-16) 
 Si = (Palt/Pstd)2/3*(288.16/T)1/2  English or SI Units  (2-17) 

where, 
 Sp = Pressure Scaling Factor 
 Sd = Distance Scaling Factor 
 St = Time Scaling Factor 
 Si = Impulse Scaling Factor 
 T = Atmospheric Temperature (K) 
 Pstd = Atmospheric Pressure at sea level (psi or kPa)  
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  = 14.696 psi or 101.325 kPa 

2.6.  AIRBLAST PARAMETERS.  At this point, all preliminary calculations are complete.  
The equivalent hemispherical weights (HP,alt and HI,alt) which make adjustments for PES type, 
munition type, and explosive type as necessary have been determined.  Remember, the test data 
used to develop the yield functions, F, were assumed to be at sea level.  Further, the pressure and 
impulse functions used within the BEC-O are based on the simplified Kingery-Bulmash curves11 
for a hemispherical surface burst of TNT at sea level.  Thus, in order to use these curves, the 
distance and scaled distance at the user defined altitude must be adjusted to an equivalent 
distance and equivalent scaled distance at sea level.  The pressure and impulse functions may 
then be used to calculate airblast parameters at sea level.  Finally, the calculated airblast effects 
at sea level may be scaled to the user-entered altitude conditions in order to provide blast effects 
at the desired detonation location.  

2.6.1.  Airblast Parameters at Sea Level 

At this point in the calculations the equivalent hemispherical weights for pressure (HP,alt) 
and impulse (HI,alt) have been calculated at the user input altitude.  These yields have been 
adjusted to account for TNT equivalence for a Bulk/Light Cased STANDARD munition type in 
Open Storage/STANDARD PESs.  For other PESs, such as earth-covered magazines, these 
yields have been adjusted to account for the effects of the PES. 

The airblast functions used within the BEC-O are based on the simplified Kingery-
Bulmash curves11 for a hemispherical surface burst of TNT at sea level.  Thus, in order to use 
these curves, the distance and scaled distance at the user defined altitude must be adjusted using 
Equation 2-15 to an equivalent distance and equivalent scaled distance at sea level as shown in 
Equations 2-18 and 2-19.  This equivalent distance at sea level is then used to calculate effective 
scaled distances for pressure and impulse at sea level, Zeff,P,s and Zeff,I,s, as shown in Equations 2-
20 and 2-21. 

Using the effective scaled distances for pressure and impulse at sea level, the “Simplified 
Kingery Airblast Calculations”11 are used to determine the airblast parameters at sea level.  Then 
the airblast parameters at sea level will be scaled back to the user defined altitude using 
Equations 2-13 through 2-17.  

2.6.1.1.  Distance and Scaled Distance at Sea Level 

2.6.1.1.1.  The initial two outputs in the Airblast Parameters section are Distance and 
Scaled Distance.  While these values were previously entered and computed for a blast at the 
user-specified altitude, equivalent values at sea level need to be determined.  The sea level 
equivalent values are simple conversions based on equations presented in Section 2.5.  

 Rs = R/Sd  English or SI Units  (2-18) 
 Zs = Zalt/Sd  English or SI Units  (2-19) 

where, 
 Rs = Equivalent Distance to ES at sea level (ft or m) 
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 R = Distance to ES at user-entered altitude (ft or m) 
 Sd = Distance Scaling Factor 
 Zalt = Scaled Distance at user-entered altitude 
 Zs = Equivalent scaled distance at sea level 

2.6.1.1.2.  The effects of the PES, munition type, and explosive type inputs are then 
incorporated by determining the effective scaled airblast distance for pressure and impulse 
(Zeff,P,s and Zeff,I,s) at sea level.  The effective scaled distance is the equivalent scaled distance at 
sea level for a detonation of hemispherical bare explosives equivalent in effects to the user-
selected PES, munition, and TNT equivalent values.  

 Zeff,P,s = Rs/HP,alt
1/3  English or SI Units  (2-20) 

 Zeff,I,s = Rs /HI,alt
1/3 English or SI Units  (2-21) 

where,  
 HP,alt = Equivalent Hemispherical Weight for Pressure   (Section 2.4.2) 
 HI,alt = Equivalent Hemispherical Weight for Impulse   (Section 2.4.2) 

2.6.1.2.  Airblast Parameters for Hemispherical TNT Explosion at Sea Level 

Traditionally, airblast parameters have been calculated using Figure 2-15 (Positive 
Phase Shock Wave Parameters for a Hemispherical TNT Explosion on the Surface at Sea Level) 
of the UFC 3-340-02 (formerly TM 5-1300).  The equations in that figure are based on a report 
by Granstrom.17  A more recent and complete work is Kingery, C. and Bulmash, G., “Airblast 
Parameters from TNT Spherical Air Burst and Hemispherical Surface Burst.”18  The English unit 
equations that are in the BEC-O are taken from a paper by Swisdak entitled “Simplified Kingery 
Airblast Calculations.”11  Swisdak took the work of Kingery and Bulmash and further simplified 
the airblast equations into more manageable forms.  It should be noted that since 1992 the 
Swisdak equations have generally been used as the basis for computation of airblast parameters 
within the DoD explosives safety community.  In the 1992 paper, the SI units form of the 
equations were obtained by re-curve fitting the source data.  This led to small differences when 
the English and SI unit results were compared.  For Version 1 of the BEC-O, conversion factors 
were applied directly to the English unit coefficients to obtain the SI form of the equations.  The 
English Units form of the equations presented in the following sections are exactly as listed in 
Reference 11.  The SI Units form were recalculated as described above to provide consistency 
with the way that SI units were treated throughout the BEC-O.  

Because the equations in this section are a result of Swisdak’s work (Reference 11) to 
simplify the Kingery-Bulmash curves, many of the equations include a standard curve fit term.  
Within this section, these standard curve fit equations will be denoted as, S(x), where the “S” 
indicates the standard curve fit, and the term used in place of the “x” term indicates the 
independent variable to be applied.  Curve fit coefficients (A, B, C, D, etc.) will be included 
within tables for each airblast parameter.  The standard curve fit is shown in Equation 2-22.  

 S(x) = exp[A+B*ln(x) + C*ln2(x) + D*ln3(x) + E*ln4(x) + F*ln5(x) + G*ln6(x)] (2-22) 

2.6.1.2.1.  Time of Arrival.  The time of arrival, tA, is determined using Equations 2-23 
through 2-25 depending on the determined effective scaled airblast distance at sea level (Zeff.P,s).  



DDESB TP 20, 11 June 2018 
 

CHAPTER 2:  BEC-O AIRBLAST MODELING 18 

Note that when the effective airblast scaled distance falls outside the effective rages listed in 
Reference 11, the BEC-O will display an “out of range” message.  Curve fit coefficients for use 
in the standard equation, S(x), are provided in Table 2-3.  

 When 0.2 ft/lb1/3 < Zeff.P,s < 100 ft/lb1/3 (0.06 m/kg1/3 < Zeff.P,s < 40 m/kg1/3)  
 tA = (HP,alt

 1/3)*S(x)  English or SI Units  (2-23, 2-24) 
 When 100 ft/lb1/3 < Zeff.P,s < 500 ft/lb1/3 (40 m/kg1/3 < Zeff.P,s < 198.5 m/kg1/3)  
 tA = (HP,alt)1/3*0.6559951*[ Zeff.P,s]1.0478 English Units  (2-25) 
 tA = (HP,alt) 1/3*2.2495832*[ Zeff.P,s]1.0478    SI Units  

where,  
 HP,alt = Equivalent Hemispherical Weight for Pressure (Section 2.4.2) 
 S = Standard Equation (Equation 2-28 with coefficients from Table 2-4) 
 x = Effective scaled distance for pressure at sea level, Zeff,P,s (Equation 2-20) 

Table 2-3.  Scaled Time of Arrival (ms/lb1/3 or ms/kg1/3) 

 

2.6.1.2.2.  Incident Overpressure 

2.6.1.2.2.1.  The incident overpressure, Pso, is determined using Equations 2-26 
through 2-28 depending on the determined effective scaled airblast distance at sea level (Zeff,P,s).  
Curve fit coefficients for use in the standard equation, S(x), are provided in Table 2-4.  

 When 0.5 ft/lb1/3 < Zeff.P,s < 500 ft/lb1/3 (0.2 m/kg1/3 < Zeff.P,s < 198.5 m/kg1/3)  
 Pso = S(x)  English or SI Units  (2-26, 2-27,  
     2-28) 

where,  

 S = Standard Equation (Equation 2-22 with coefficients from Table 2-4) 
 x = Effective scaled distance for pressure at sea level, Zeff,P,s (Equation 2-20) 
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Table 2-4.  Incident Overpressure (psi or kPa) 

2.6.1.2.2.2.  Within the BEC-O the overpressure at distance is also shown in decibels. 
Converting overpressure (sound pressure level) to decibels is defined as 20 times the logarithm 

to the base 10 of the ratio of the sound pressure to a reference pressure24.  The reference pressure 
is defined as the quietest noise a healthy young person can hear (20 µPa, 2.92 x 10-9 psi)25.  Thus 

the conversion of pressure to decibels is:  

 PdB = 20 log (Ppsi) + 170.7496 English Units  (2-29) 
 PdB = 20 log (PPa) + 93.9794                                SI Units  

2.6.1.2.3.  Reflected Pressure.  The reflected pressure, Pr, is determined using Equations 
2-30 through 2-32 depending on the determined effective scaled airblast distance at sea level 
(Zeff,P,s).  Curve fit coefficients for use in the standard equation, S(x), are provided in Table 2-5. 

 When 0.3 ft/lb1/3 < Zeff.P,s < 100 ft/lb1/3 (0.6 m/kg1/3 < Zeff.P,s < 40 m/kg1/3)  
 Pr = S(x)  English or SI Units  (2-30, 2-31) 
 
 When 100 ft/lb1/3 < Zeff.P,s < 500 ft/lb1/3 (40 m/kg1/3 < Zeff.P,s < 198.5 m/kg1/3)  
 Pr = 2*Pso English or SI Units  (2-32) 

where, 

 S = Standard Equation (Equation 2-22 with coefficients from Table 2-5) 
 x = Effective scaled distance for pressure at sea level, Zeff,P,s (Equation 2-20) 

Table 2-5.  Reflected Pressure (psi or kPa) 

2.6.1.2.3.  Positive Phase Duration.  The positive phase duration, to, is determined using 
Equations 2-33 through 2-36 depending on the determined effective scaled airblast distance at 
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sea level (Zeff.I,s).  Note that this equation is driven by impulse instead of pressure.  Curve fit 
coefficients for use in the standard equation, S(x), are provided in Table 2-6.  

 When 0.5 ft/lb1/3 < Zeff.I,s < 100 ft/lb1/3 (0.02 m/kg1/3 < Zeff.I,s < 40 m/kg1/3)  
 to = (HI,alt

 1/3)*S(x)  English or SI Units  (2-33, 2-34, 
2-35) 
 
 When 100 ft/lb1/3 < Zeff.I,s < 500 ft/lb1/3 (40 m/kg1/3 < Zeff.I,s < 198.5 m/kg1/3)  
 to = 1.0029*(HI,alt

 1/3)*S(x)  English or SI Units  (2-36) 
where,  

 HI,alt = Equivalent Hemispherical Weight for Impulse (Section 2.4.2) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-6) 
 x = Effective scaled distance for impulse at sea level, Zeff,I,s (Equation 2-21) 

Table 2-6.  Scaled Positive Phase Duration (ms/lb1/3 or ms/kg1/3) 

 
* Equation not shown in Reference 11.  Only found in BEC-O programming. 
** Equation not shown in Reference 11 or BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.6.1.2.4.  Incident Impulse.  The incident impulse, is, is determined using Equations 2-
37 through 2-40 depending on the determined effective scaled airblast distance at sea level 
(Zeff.I,s).  Curve fit coefficients for use in the standard equation, S(x), are provided in Table 2-7.  

 When 0.5 ft/lb1/3 < Zeff.I,s < 1000 ft/lb1/3 (0.02 m/kg1/3 < Zeff.I,s < 396.7 m/kg1/3)  
 is = (HI,alt

 1/3)*S(x)  English or SI Units  (2-37, 2-38,  
    2-39, 2-40) 

where, 
 HI,alt = Equivalent Hemispherical Weight for Impulse (Section 2.4.2) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-7) 
 x = Effective scaled distance for impulse at sea level, Zeff,I,s (Equation 2-21) 
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Table 2-7.  Scaled Incident Impulse (psi-ms/lb1/3 or kPa-ms/kg1/3) 

 
* Upper limit of range in Reference 11 is 400 ft/lb1/3 (158.7 m/kg1/3).  A higher value is used within BEC-O programming.  

2.6.1.2.5.  Reflected Impulse.  The reflected impulse, ir, is as calculated using Equation 
2-41.  

 When 0.5 ft/lb1/3 < Zeff.I,s < 600 ft/lb1/3 (0.02 m/kg1/3 < Zeff.I,s < 238 m/kg1/3)  

 Ir = (HI,alt
 1/3)*S(x) English or SI Units  (2-41) 

where, 
 HI,alt = Equivalent Hemispherical Weight for Impulse (Section 2.4.2) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-8) 
 x = Effective scaled distance for impulse at sea level, Zeff,I,s (Equation 2-21) 

Table 2-8.  Scaled Reflected Impulse (psi-ms/lb1/3 or kPa-ms/kg1/3)  

 
* Upper limit of range in Reference 11 is 100 ft/lb1/3 (40 m/kg1/3).  A higher value is used within BEC-O programming.  

2.6.1.2.6.  Dynamic Overpressure 

2.6.1.2.6.1.  The dynamic overpressure, qo, first appeared in Version 3.0 of the BEC.  
Dynamic overpressure is the air pressure which results from the mass air flow (or wind) behind 
the shock front of a blast wave.  It is defined by Glasstone and Dolan22 as: 

  qo = ½ ρair u2 English or SI Units  (2-42) 
where, 

  ρair = density of the air through which the blast wave is traveling 
  u2 = particle (or wind) velocity behind the shock front as it impinges on an  

object or structure 
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2.6.1.2.6.2.  Dynamic overpressure can be related to the incident pressure by the 
following equation. 

 qo = Pso
2/[2γ*Patm + (γ-1)Pso]  English or SI Units  (2-43) 

where, 
 Pso = incident pressure (psi or Pa) 
 Patm = atmospheric pressure (psi or Pa) 
 γ = ratio of the specific heats of air (typically taken as 1.4 at moderate temperatures) 

2.6.1.2.6.3.  Previous versions of the BEC did not contain an explicit algorithm for 
predicting dynamic overpressure.  Models were developed for the Defense Threat Reduction 
Agency (formerly the Defense Nuclear Agency) that predict the pressure-time waveforms for 
ANFO and TNT surface burst detonations.19, 20  These models were used in conjunction with the 
CONWEP computer code21 to develop estimates for the dynamic overpressure and dynamic 
impulse as a function of distance and charge weight.  These data formed the basis of the 
algorithm now included in the BEC-O.  More information regarding the addition of dynamic 
overpressure to the BEC-O can be found in Reference 5.  

2.6.1.2.6.4.  Within the BEC-O programming, the dynamic overpressure, qo, is 
determined using Equation 2-44.  Curve fit coefficients for use in the standard equation, S(x), are 
provided in Table 2-9. 

 When 0.5 ft/lb1/3 < Zeff.P,s < 150 ft/lb1/3 (0.198 m/kg1/3 < Zeff.P,s < 59.5 m/kg1/3)  
 qo = S(x)  English or SI Units  (2-44) 

where,  
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-9) 
 x = Effective scaled distance for pressure at sea level, Zeff,P,s (Equation 2-20) 

Table 2-9:  Dynamic Overpressure (psi or kPa) 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.6.1.2.7.  Dynamic Impulse.  The dynamic impulse, io, is the impulse associated with the 
results of the dynamic overpressure.  The dynamic impulse equation was developed similarly to 
the dynamic overpressure.  Though versions before Version 3.0 of BEC contained simplistic 
algorithms for predicting dynamic impulse, an explicit algorithm was first added in Version 3.0.  
Within the BEC-O programming, the dynamic impulse, io, is determined using Equations 2-45 
and 2-46.  Curve fit coefficients for use in the standard equation, S(x), are provided in Table 
2-10. 
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 When 0.5 ft/lb1/3 < Zeff.I,s < 150 ft/lb1/3 (0.02 m/kg1/3 < Zeff.I,s < 59.5 m/kg1/3)  
 io = (HI,alt

 1/3)*S(x)  English or SI Units  (2-45, 2-46) 
where, 

 HI,alt = Equivalent Hemispherical Weight for Impulse (Section 2.4.2.) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-10) 
 x = Effective scaled distance for impulse at sea level, Zeff,I,s (Equation 2-21) 

Table 2-10.  Scaled Dynamic Impulse (psi-ms/lb1/3 or kPa-ms/kg1/3) 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.6.2.  Airblast Parameters at Altitude 

2.6.2.1.  Once the airblast parameters at sea level have been computed as described in 
Section 2.6.1, determining the airblast parameters at the user-entered altitude is a simple matter 
of using the conversion factors computed in Section 2.5.  In order to track the appropriate 
elevation of computed parameters within this section, the subscripts “s” and “alt” will be used in 
conjunction with the typical variable definitions to describe effects at sea level and altitude, 
respectively.  These calculations will complete the calculations for all remaining outputs within 
the Airblast Parameters section of the BEC-O output screen.  

2.6.2.2.  Within the airblast parameters at altitude section, the BEC-O repeats a user-input 
as well as displaying a second previously calculated value.  The Distance to Exposed Site field 
reiterates the user-input value from the inputs section.  The scaled distance field displays the 
scaled distance value based on user inputs at altitude, Zalt, as calculated in Equation 2-3.  

2.6.2.3.  The time of arrival at the distance and user-entered altitude, tA,alt, is computed 
using the time scaling factor, St, and the value computed for sea level conditions (Equations 2-22 
through 2-25).  

  tA,alt = St (tA,s) English or SI Units  (2-47) 

2.6.2.4.  The incident pressure at the distance and user-entered altitude, Pso,alt, is 
computed using the pressure scaling factor, Sp, and the value computed for sea level conditions 
(Equations 2-26 through 2-28).  The same equation previously used is employed to again make 
the conversion from psi to decibels.  

  Pso,alt = Sp (Pso,s) English or SI Units  (2-48) 
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2.6.2.5.  Reflected pressure at distance and user-entered altitude, Pr,alt, is computed 
similarly to Pso.  

  Pr,alt = Sp (Pr,s) English or SI Units  (2-49) 

2.6.2.6.  Positive phase duration, to, again utilizes the time scaling factor, St.  

  to,alt = St (to,s) English or SI Units  (2-50) 

2.6.2.7.  Positive phase impulse, is, and reflected impulse, ir, use the impulse scaling 
factor, Si. 

  is,alt = Si (is,s) English or SI Units  (2-51) 
  ir,alt = Si (ir,s) English or SI Units  (2-52) 

2.6.2.8.  Dynamic overpressure, qo, is adjusted using the pressure scaling factor, Sp.  

  qo,alt = Sp (qo,s) English or SI Units  (2-53) 

2.6.2.9.  Lastly, dynamic overpressure impulse, io, is adjusted using the impulse scaling 
factor, Si. 

  io,alt = Si (io,s) English or SI Units  (2-54) 

2.7.  OTHER INFORMATION 

2.7.1.  Probability of Window Breakage 

Probability of window breakage, pw, calculations are conducted at sea level conditions.  
These calculations are based on References 12 and 13.  Paul Wilde provided tables of breakage 
probability versus incident pressure for each window type/area shown.  Mike Swisdak then 
performed curve fits for each of the window types/areas in order to provide the window breakage 
equations below.  The approach is an approximation but does seem to work well when compared 
to actual data.  Note that the probability of window breakage is strongly related to the incident 
pressure. 

Like many of the airblast effect equations, the equations in this section are a result of 
curve fitting.  As such, many of the equations include the same standard curve fit term shown 
previously as Equation 2-28.  Thus, within this section, these standard curve fit equations will 
again be denoted as, S(x), where the “S” indicates the standard curve fit, and the term used in 
place of the “x” term indicates the independent variable to be applied.  Curve fit coefficients (A, 
B, C, D, etc.) will be included within tables for each window type.  The standard curve fit 
equation is repeated below.  

S(x) = exp[A+B*ln(x) + C*ln2(x) + D*ln3(x) + E*ln4(x) + F*ln5(x) + G*ln6(x)] (2-55) 
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2.7.1.1.  For a 2 square feet (ft2) (0.19 square meter (m2)) Float Annealed Window.  
These equations assume the window has dimensions of 12 x 24 x 0.088 inches (30.5 x 61 x 0.224 
centimeters (cm)).  

When Pso < 0.001 psi (0.0069 kPa)  
 pw = 0.000001% English or SI Units  (2-56) 

When 0.001 psi < Pso < 1.5 psi (0.0069 kPa < Pso < 10.34 kPa) 
 pw = 100*S(x) English or SI Units  (2-57) 

When Pso > 1.5 psi (10.34 kPa) 
 pw = 100 % English or SI Units  (2-58) 

where, 
 pw = Probability of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-11) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-11.  Probability of Window Breakage (%) for a 2 ft2 (0.19 m2) Window 

  
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.1.2.  For a 4 ft2 (0.37 m2) Float Annealed Window.  These equations assume the 
window has dimensions of 24 x 24 x 0.088 inches (61 x 61 x 0.224 cm).  

When Pso < 0.005 psi (0.0345 kPa)   
 pw = 0.000001% English or SI Units  (2-59) 

When 0.005 psi < Pso < 0.061 psi (0.0345 kPa < Pso < 4.137 kPa)   
 pw = 100*S(x)  English or SI Units  (2-60, 2-61) 

When Pso > 0.6 psi (4.137 kPa) 
 pw = 100%  English or SI Units  (2-62) 

where, 
 pw = Probability of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-12) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 
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Table 2-12.  Probability of Window Breakage (%) for a 4 ft2 (0.37 m2) Window 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.1.3.  For a 10.5 ft2 (0.98 m2) Float Annealed Window.  These equations assume the 
window has dimensions of 42 x 63 x 0.12 inches (107 x 160 x 0.305 cm).  

When Pso < 0.001 psi (0.0069 kPa) 
 pw = 0.000001% English or SI Units  (2-63) 

When 0.001 < Pso < 0.36 (0.0069 kPa< Pso < 2.482 kPa) 
 pw = 100*S(x) English or SI Units  (2-64, 2-65) 

When Pso > 0.36 (2.482 kPa) 
 pw = 100% English or SI Units  (2-66) 

where, 
 pw = Probabilty of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-13) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-13.  Probability of Window Breakage (%) for a 10.5 ft2 (0.98 m2) Window 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.1.4.  For a 17.5 ft2 (1.625 m2) Plate Annealed Window.  These equations assume the 
window has dimensions of 60 x 42 x 0.22 inches (152.5 x 107 x 0.56 cm).  

When Pso < 0.001 psi (0.0069 kPa) 
 pw = 0.000001% English or SI Units  (2-67) 

When 0.001 < Pso < 0.5 (0.0069 kPa< Pso < 3.45 kPa) 
 pw = 100*S(x) English or SI Units  (2-68, 2-69) 

When Pso > 0.5 psi (3.45 kPa) 
 pw = 100% English or SI Units  (2-70) 
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where,  
 pw = Probability of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-14)  
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-14.  Probability of Window Breakage (%) for a 17.5 ft2 (1.625 m2) Window 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.1.5.  For a 30 ft2 (2.8 m2) Plate Annealed Window.  These equations assume the 
window has dimensions of 72 x 60 x 0.22 inches (183 x 152.5 x 0.56 cm).  

When Pso < 0.007 psi (0.048 kPa) 
 pw = 0.00001% English or SI Units  (2-71) 

When 0.007 psi < Pso < 0.25 psi (0.048 kPa < Pso < 1.724 kPa) 
 pw = 100*S(x) English or SI Units  (2-72, 2-73) 

When Pso > 0.25 psi (1.724 kPa) 
 pw = 100% English or SI Units  (2-74) 

where, 
 pw = Probabilty of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-15) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-15.  Probability of Window Breakage (%) for a 30 ft2 (2.8 m2) Window 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.1.6.  For a 50 ft2 (4.64 m2) Plate Annealed Window.  These equations assume the 
window has dimensions of 120 x 60 x 0.30 inches (305 x 152.5 x 0.76 cm).  

When Pso < 0.0034 psi (0.023 kPa) 
 pw = 0.00001% English or SI Units  (2-75) 
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When 0.0034 psi < Pso < 0.29 psi (0.023 kPa < Pso < 2.00 kPa) 
 pw = 100*S(x) English or SI Units  (2-76) 

When Pso > 0.29 psi (2.00 kPa) 
 pw = 100% English or SI Units  (2-77) 

where,   
 pw = Probabilty of Window Breakage (%) 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-16) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-16.  Probability of Window Breakage (%) for a 50 ft2 (4.64 m2) Window 

 
* Equation not in BEC v6.3 or earlier.  Developed to correspond to English unit equation. 

2.7.2.  Probability of Eardrum Rupture 

2.7.2.1.  The probability of eardrum rupture is also computed using sea level conditions.  
Equations for probability of eardrum rupture are based on Reference 14.  The lines plotted in 
Figure 2.2.2 of Reference 14 were approximated and curve fitted in order to generate Equations 
2-78 through 2-80.  

2.7.2.1.1.  The probit function for probability of minor damage is expressed as: 

When 0.9 ft/lb1/3 ≤ Q ≤ 3.7 ft/lb1/3 (2.3 m/kg1/3 ≤ Q ≤ 9.3 m/kg1/3) 
 fe,minor = 13.051 - 3.3*ln(Q) English Units  (2-78) 
 fe,minor = 10-3.3*ln(Q)   SI Units 

2.7.2.1.2.  The probit function for probability of moderate damage is expressed as: 

When 0.7 ft/lb1/3 ≤ Q ≤ 2.7 ft/lb1/3 (1.8 m/kg1/3 ≤ Q ≤ 6.8 m/kg1/3) 
 fe,mod = 12.636 - 3.5*ln(Q) English Units  (2-79) 
 fe,mod = 9.4 - 3.5*ln(Q) SI Units 

2.7.2.1.3..  The probit function for probability of major damage is expressed as: 

When 0.5 ft/lb1/3 ≤ Q ≤ 1.67 ft/lb1/3 (1.4 m/kg1/3 ≤ Q ≤ 4.2 m/kg1/3) 
 fe,major = 12.876 - 4.3*ln(Q) English Units  (2-80) 
 fe,major = 8.9 - 4.3*ln(Q)   SI Units 

2.7.2.2.  Reference 14 was written by Andreas Dorr of Germany.  Within the Dorr 
equations, the term “QD” is used.  Within this document, that term has been simplified to “Q.”  
Unfortunately, the QD term is not explicitly defined within Reference 14.  However, QD has 
units (distance/mass1/3) which are typically associated with a scaled distance term in the United 
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States.  Note that the English Unit equations for Equations 2-78 through 2-80 are not shown 
within Reference 14 or BEC v6.3 and earlier.  The English Unit equations were developed as 
part of the TP-17 revision 2 effort.  These equations were curve fitted to result in the exact same 
unitless value of the probit function, fe, for equivalent English Unit values of Q.  

2.7.2.3.  Within the BEC-O programming, the Q term is determined using Equation 2-81.  
Equation 2-81 takes the same form of the standard equations used for probability of window 
breakage (see Equation 2-55) and is based on curve fits performed by Swisdak.  

 Q = S(x) English or SI Units  (2-81) 
where,  

 Q = a scaled distance term as determined using Equations 2-81 and 2-82 
 Pso = Overpressure at Distance (sea level); (psi or kPa) 
 S = Standard Equation (Equation 2-22 with coefficients from Table 2-17) 
 x = Overpressure at Distance, Pso (sea level); (psi or kPa) 

Table 2-17.  Scaled Distance, Q, for Eardrum Rupture Approximations 

  
* Equation not in BEC v6.3 or earlier.  Developed to correspond to SI unit equation. 

2.7.2.4.  Because the equations from Reference 14 are probit functions, they require 
further transformation before an actual probability can be computed.  At this point it is important 
to note that in BEC V6.3 and earlier, the results of Equations 2-78 through 2-81 were used with 
the Gauss Error Function and Complementary Gauss Error Function to determine probability of 
eardrum rupture.  This method was changed in more recent versions of BEC and the BEC-O to 
be more similar to the methods used in TP 14.  Though the methods are slightly different, the 
results are identical.  

2.7.2.5.  The transformation from the probit function, fe, to a probability is the same for 
all three conditions (minor injury, moderate injury, major injury).  This transformation is 
accomplished by using the cumulative normal distribution and the “Z-factor” associated with the 
probit function.  The probability of eardrum rupture is computed using a normal distribution 
where the probability is equal to the area under the standard normal distribution to the left of the 
zer value.  The zer value can be used with built in Excel functions (e.g., NORMSDIST) or a unit 
normal distribution lookup table in order to translate this value to a probability that eardrum 
rupture will occur. 

 zer = fe – 5   (2-82) 
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2.7.3.  Probability of Lung Rupture 

2.7.3.1.  The probability of lethality due to lung damage is computed at sea level based on 
References 15 and TP 14.  Like the eardrum rupture approximations, the lung rupture 
approximations assume a normal distribution of probability.  The probability of lethality due to 
lung damage is computed using a normal distribution where the probability is equal to the area 
under the standard normal distribution to the left of the zlr value.  

2.7.3.2.  The initial step is to determine the scaled pressure.  Within the BEC-O, if either 
the overpressure or dynamic overpressure is out of range, the scaled pressure is set to an arbitrary 
value of 0.00001 (regardless of units).  

When 0.5 ft/lb1/3 < Zeff.P,s < 150 ft/lb1/3 (0.2 m/kg1/3 < Zeff.P,s < 59.5 m/kg1/3) 
 Pscaled = (Pso+qo) *0.01 English or SI Units  (2-83 

Otherwise,  
 Pscaled = 0.00001 English or SI Units  (2-84) 

2.7.3.3.  The scaled impulse is then determined using Equation 2-85.  

 Iscaled = is*0.001*0.7673 English or SI Units  (2-85) 
where, 

 Pscaled = scaled pressure (psi or kPa) 
 Iscaled = scaled impulse (psi-ms or kPa-ms) 
 Pso = incident overpressure (psi or kPa) 
 qo = dynamic overpressure (psi or kPa) 
 is = incident impulse (psi-ms or kPa-ms) 

2.7.3.4.  The normal distribution terms for lung rupture are then determined using 
Equations 2-86 and 2-87.  

 slr = (0.609/Pscaled) + (0.189/Iscaled) English Units  (2-86) 
 slr = (4.2/Pscaled) + (1.3/Iscaled)                              SI Units 
 
 zlr = -5.74*ln(slr) English or SI Units  (2-87) 

2.7.3.5.  At this point it is again important to note that in BEC V6.3 and earlier, the 
results of Equations 2-83 through 2-87 were used with the Gauss Error Function and 
Complementary Gauss Error Function to determine probability of eardrum rupture.  This method 
was changed in more recent versions of the BEC and the BEC-O to be more similar to the 
methods used in TP 14.  Though the methods are slightly different, the results are identical.  In 
versions of BEC newer than V6.3 and the BEC-O, the zlr value is used with built in Excel 
functions (e.g., NORMSDIST) or a unit normal distribution lookup table in order to translate this 
value to a probability that lung rupture will occur. 
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2.8.  SUMMARY TABLES.  To the right of the main BEC-O output screen the user will note 
two separate summary tables.  These tables show the variation of the computed airblast 
parameters with distance at sea level conditions and at the altitude and temperature conditions 
entered.  

2.8.1.  Summary Table User Inputs 

Each summary table has an initial distance input value.  This results in the following two 
additional inputs to the BEC-O interface:  

• Initial Distance for Sea Level Summary Table 

• Initial Distance for Altitude Summary Table 

While these are termed “initial distance” values they are not actually the top row of the 
summary table.  The distances represented by these user inputs are highlighted in yellow within 
the summary table on the main BEC-O output screen.  Distances nearer than the user-input value 
will be shown in rows above the yellow row, and distances farther than the user-input value will 
be shown in rows below the yellow row.  

2.8.1.1.  Initial Distance for Sea Level Summary Table.  The initial distance for the sea 
level summary table is input as a distance at sea level conditions including standard temperature 
and pressure.  

2.8.1.2.  Initial Distance for Altitude Summary Table.  The initial distance for the 
altitude summary table is input as a distance at the user-entered altitude and temperature 
conditions specified in the main BEC-O input section.  

2.8.2.  Summary Table (Sea Level Conditions) 

The summary table to the immediate right of the main BEC-O output is the Summary Table 
for Sea Level Conditions.  Values shown in this table will match values in the main output if the 
user enters an altitude height of 0 (ft or m) at standard temperature and pressure conditions in the 
main BEC-O output.  

The outputs may be calculated using the same methods described in Section 2.6.  However, 
within the BEC-O programming a “What-If Analysis” data table is employed in order to reduce 
the number of programmed equations. (See Section 2.8.4 for a detailed explanation of the 
“What-If Analysis” data table.) 

The following outputs are provided as columns of the summary table:  

• Distance at Sea Level – The user-entered distance factored within each row.  

• Scaled Distance – The corresponding scaled distance at sea level. 

• Time of Arrival 

• Incident Pressure 
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• Incident Impulse – Equivalent to the Positive Phase Impulse. 

• Positive Duration 

• Reflected Pressure 

• Reflected Impulse 

• Dynamic Pressure 

• Dynamic Impulse 

There is one additional output within the Summary Table for Sea Level conditions which is 
typically hidden from view of the user.  This output is the Distance at Altitude and is contained 
within a hidden column between the Distance at Sea Level and Scaled Distance columns.  The 
use of the “What-If Analysis” data table mandates the addition of this column.  Values in the 
Distance at Altitude column are determined by multiplying the value from the Distance at Sea 
Level column by the Sd atmospheric scaling factor.  

The “What-If Analysis” data table operates by substituting the value from the Distance at 
Altitude column of the summary table into the “Distance to ES” user-input in the main tool and 
documenting the results within the summary table outputs for sea level conditions.  Remember 
that the user-input “Distance to ES” value is always assumed to be at the user-entered altitude 
and temperature conditions.  Thus, in order to obtain information for sea level conditions, it is 
necessary to transform the sea level distance from the first column of the summary table into the 
equivalent distance at altitude.  This conversion of distance to and from sea level is purely to 
facilitate use of the “What-If Analysis” tool.  Stated differently, the BEC-O takes the sea level 
distance from the first column, transforms that to an equivalent distance at altitude, uses the 
equivalent distance as a new “Distance to ES” input, runs all of the BEC-O calculations, and 
reports the sea level airblast parameter output data within the summary table.  

2.8.3.  Summary Table (Altitude and Temperature Conditions) 

The summary table to the right of Summary Table for Sea Level Conditions is the Summary 
Table for Altitude and Temperature Conditions.  Values shown in this table will match values in 
the altitude column of the main BEC-O output.  

The outputs may be calculated using the same methods described in Section 2.6.  However, 
within the BEC-O programming a “What-If Analysis” data table is employed in order to reduce 
the number of programmed equations.  (See Section 2.8.4 for a detailed explanation of the 
“What-If Analysis” data table.) 

The following outputs are provided as columns of the summary table:  

• Distance at Altitude – The user-entered distance factored within each row.  

• Scaled Distance – The corresponding scaled distance at altitude and temperature 
conditions. 

• Equivalent Distance at Sea Level – The distance at altitude converted to an equivalent 
distance at sea-level conditions.  
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• Time of Arrival 

• Incident Pressure 

• Incident Impulse – Equivalent to the Positive Phase Impulse. 

• Positive Duration 

• Reflected Pressure 

• Reflected Impulse 

• Dynamic Pressure 

• Dynamic Impulse 

Unlike in the Sea Level Summary Table, there is no need to transform the user-entered initial 
distance for the summary table.  This is because the altitude table assumes that the user-entered 
initial distance is already at the altitude and temperature conditions specified in the main BEC-O 
user-input.  

2.8.4.  “What-If Analysis” Data Table Methodology 

The “What-If Analysis” tool within Excel is used within the BEC-O programming to auto-
generate the data for the rows of the summary tables.  The “What-If Analysis” tools within Excel 
are used to simplify answers to questions like “What if the Distance to ES changes to a different 
value?”  While this question could be answered by simply changing the BEC-O inputs and 
observing the differences, capturing and comparing the changes is a tedious and time-consuming 
task.  

Within the BEC-O, the “What-If Analysis” data table operates by substituting the value from 
the Distance at Altitude column of the summary table into the “Distance to ES” user-input in the 
main tool and documenting the results within the summary table outputs.  Stated differently, the 
BEC-O takes the Distance at Altitude value from the table, uses the value as a new “Distance to 
ES” input, runs all of the BEC-O calculations, and reports the airblast parameter output data 
within the summary table.  

In order to fully illustrate the use of the “What-If Analysis” data table, consider the Summary 
Table at Altitude and Temperature conditions.  To begin setting up the data table, the first row of 
the table is set up with formulas which simply reference the correct value from the BEC-O 
output.  The values in this row are usually not shown within the BEC-O, but have been darkened 
in Figures 2-1a and 2-1b below for purposes of this illustration.  Note that the formulas in these 
cells simply reference the output data shown within the main BEC-O output.  

Next, the first column of data (Distance at Altitude) is set up with varying values which serve 
as alternate values in the Distance to ES field.  These values are auto-populated as percentages of 
the user-entered Initial Distance for Summary Table values.  Remember that the yellow row in 
the summary table on the main BEC-O output screen represents the user-entered initial distance 
value.  
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Note that Figure 2-1 is only a partial view of the summary table.  However, the remaining 
programming within the summary table is similar and not exceptionally complex so a partial 
view is sufficient.  

The final step will be establishing the data table.  The formulas shown in Figure 2-1b which 
are equivalent to “=TABLE(,I6)” cannot simply be typed into the remaining table cells.  The 
“What-If Analysis” data table must be set up through the Excel Data Tools menu.  The Data 
Tools menu is located on the Data ribbon of Excel.  Within the Data Tools menu one of the icons 
is labeled What-If Analysis.  

In order to set up the data table, begin by selecting all cells which the programmer wishes to 
be part of the data table.  Keep in mind that this should include the column of data which the 
programmer wishes to vary and the upper-most row containing the references to the BEC-O 
output cells (see Figure 2-2).  

Then select the What-If Analysis icon and click “Data_Table…” in the drop down menu that 
appears (see Figure 2-3).  A pop-up window will appear to set the Data Table parameters (Figure 
2-4).  Since the objective is to vary the “Distance to ES” value with the data in the column, enter 
the cell reference for the “Distance to ES” field or “$I$6” in the Column Input cell field.  

Select “OK” and the “What-If Analysis” Data Table feature will populate the fields within 
the summary table (Figure 2-5).  The summary table will update dynamically should the user 
change inputs within the main BEC-O input section or the initial distance for summary table 
field.  
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Figure 2-1a.  What if Analysis Data Table Set Up - Values 

 

Figure 2-1b.  What if Analysis Data Table Set Up - Formulas 
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Figure 2-2.  Selection of Data Table Cells 
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Figure 2-3.  What-If Analysis Drop-Down 
Menu 

 

Figure 2-4.  Data Table Pop-Up 
Menu 

 

Figure 2-5.  Completed Data Table 
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CHAPTER 3:  GETTING STARTED WITH BEC-O, VERSION 1 

3.1.  INTRODUCTION.   

To use the program, either double click on the BEC-O V1 filename or launch EXCEL and 
then use the OPEN command located in the FILE menu.  

The next screen to appear will be a “Start” screen, giving the version number, date, and 
contact information.  At the bottom of this screen there are five EXCEL worksheet tabs: 

• Start 

• English Units 

• English-to-Metric Conversion 

• Metric Units 

• Metric-to-English Conversion 

These refer to the various worksheets that are available.  At the start of a session, the user 
simply selects the appropriate units (English Units or Metric Units) and clicks on the 
corresponding tab.  The two “Conversion tabs” work as follows.  The “English-to-Metric 
Conversion” converts what is shown on the “English  Units” worksheet into the corresponding 
Metric units.  The “Metric-to-English Conversion” converts what is shown on the “Metric 
Units” worksheet into English units. 

English Units were chosen for this demonstration; select this tab to follow this walkthrough.  
Figure 3-1 shows the Input Section of the screen that appears: 

Figure 3-1.  Input Section 

 

The toolbar across the top of the screen is the basic EXCEL toolbar with all of the EXCEL 
functions/commands available. 
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The following menus have their own drop-down selections: 

• Select Potential Explosion Site (PES) 

• Select Type of Munition 

• Select Type of Explosive 

• Select Number of Items or Total NEW 

• Select Atmospheric Condition Basis 

Menu 3 is used to select the type of explosive or the TNT equivalence.  The default value is 
to base the TNT Equivalency value on the type of explosive contained within the selected 
munition.  If the munition selected is a Bulk/Light Cased: Standard item, the TNT equivalency 
values default to 1.0.  The user may select alternate explosive types from the drop-down menu or 
may choose “Other – User Defined” to manually input the TNT equivalencies for both pressure 
and impulse. 

Menu 4 determines how the amount of explosives is entered—either as a weight in pounds 
(or kilograms) or as a number of weapons.  If the latter is chosen, the default weight of each of 
the weapon types is used to calculate the appropriate total explosive weight. 

Menu 5 determines how the atmospheric conditions are described—either in terms of an 
altitude and temperature or a barometric pressure and temperature. 

Another feature of the BEC-O is the automatic generation of summary tables.  These tables 
show the variation of the computed airblast parameters with distance at sea level conditions and 
at the altitude and temperature conditions entered.  The user selects an initial distance and the 
table is automatically generated with values ranging from 0.5 to 60 times the user-entered value.  
The default distances used to generate the summary tables are chosen relative to the initial 
distance, R: 

• 0.5*R, 0.6*R, 0.7*R, 0.8*R, 0.9*R 

• 1.0*R, 1.2*R, 1.4*R, 1.6*R, 1.8*R 

• 2.0*R, 2.25*R, 2.5*R, 2.75*R 

• 3.0*R, 3.5*R, 4.0*R, 4.5*R, 5.0*R, 5.5*R, 6.0*R, 6.5*R, 7.0*R 

• 8.0*R, 9.0*R, 10*R, 12*R, 14*R, 16*R, 18*R 

• 20*R, 25*R, 30*R, 35*R, 40*R, 45*R, 50*R, 60*R 

In addition, the first line of the summary tables will always be the airblast parameters for the 
“Distance to ES” that was selected. 

3.2.  INPUT SUMMARY.   

The following steps should be followed to use the BEC-O: 
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• Launch the template—either by double clicking on the template icon or by starting 
EXCEL and using the open command (under the File menu). 

• Select either English Units or Metric Units from the tabs at the bottom (Note:  For ease 
of programming the terms NEW and net explosive quantity (NEQ) are used 
interchangeably.) 

• Enter the required information in the INPUT SECTION. 

o Use the Potential Explosion Site menu to choose the PES. 
o Use the Select Type of Munition menu to choose the type of munition.  Within 

BEC-O V1, the only munition available is Bulk/Light Cased.   
o Use the Type of Explosive menu to change the default explosive type (if 

necessary). 
o Choose either a Total NEW or Number of Items from the Select NEW Basis 

menu. 
o Enter either the Total NEW or the Number of Munitions as required. 
o Enter Distance to ES. 
o Use the Select Atmospheric Description menu to choose either altitude or 

barometric pressure (If altitude corrections are not required, this step may be 
omitted). 

o Enter either the Altitude or the Barometric Pressure as required (If altitude 
corrections are not required, this step may be omitted). 

o Enter Temperature (If altitude corrections are not required, this step may be 
omitted). 

o Enter Initial Distance for Summary Table in both the Sea Level and 
Altitude Summary Tables (User must scroll to the right to view Summary 
Tables and input this distance.). 

3.3.  INPUT EXAMPLE.   

Twenty-seven Metric tons (27,000 kg) NEQ of Tritonal will be detonated inside a concrete 
AGS at a site where the altitude is 1,500 m and the temperature is 20°C.  What are the expected 
airblast effects at a distance of 500 m from the event?  Generate summary tables for the event 
with an initial distance of 50 m.  

Launch the program and select Metric Units.  Figure 3-2 illustrates the input section of the 
program after the inputs have been completed. 
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Figure 3-2.  Input Example 
 

 

3.4.  BEC-O VERSION 1, OUTPUTS.  The BEC-O Outputs are divided into four sub-sections: 

• Explosive Parameters 

• Atmosphere Parameters 

• Airblast Parameters 

• Other Information 

3.4.1.  Explosive Parameters and Atmosphere Parameters 

In the above example, twenty-seven Metric tons (27,000 kg) of Tritonal filled will be 
detonated in open storage at a site where the altitude is 1,500 m and the temperature is 20°C.  
What are the expected airblast effects at a sea level distance of 500 m from the event?  Figure 3-
3 shows the first portion of the Output Section: 

Figure 3-3.  Output Section – Explosive and Atmosphere Parameters 
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Within the Explosive Parameters Section: 

• The first line is the total NEW/Quantity that has been entered:  27,000 kg.  

• The second entry is the amount of explosive contained within a single weapon of the 
type selected:  0.45 kg is the equivalent of 1 lb of bare explosives.  

• The third line is the final explosive type used for the analysis.  

• The fourth line is the pressure TNT equivalence factor for the fill chosen:  1.07 for 
Tritonal.  

• The fifth line is the impulse TNT equivalence factor for the fill chosen:  0.96 for 
Tritonal.  

• The sixth entry is the TNT Equivalent NEW for Calculations involving Pressure; this 
is the Total NEW multiplied by the pressure TNT Equivalence Factor for munitions in 
the open; for munitions inside a PES, it is simply the Total NEW. 

• The seventh entry is the TNT Equivalent NEW for Calculations involving Impulse; 
this is the Total NEW multiplied by the impulse TNT Equivalence Factor for 
munitions in the open; for munitions inside a PES, it is simply the Total NEW. 

• The eighth entry is the Equivalent Hemispherical Weight (pressure). The value 
calculated and shown here will vary with the Distance that is selected. This value in 
combination with the Distance is used as the input for the pressure-related functions of 
the Hemispherical TNT Surface Burst Equations.  

• The final entry is the Equivalent Hemispherical Weight (impulse). The value 
calculated and shown here will vary with the Distance that is selected. This value in 
combination with the Distance is used as the input for the impulse-related functions of 
the Hemispherical TNT Surface Burst Equations.  

In the Atmosphere Parameters Section, the first two lines are the pressure and temperature 
for the event.  If the atmospheric pressure option is chosen as part of the input, then that pressure 
is repeated here.  The altitude option shows the computed atmospheric pressure for that altitude.  
The remaining four entries are the Scaling Factors needed to convert Sea Level conditions to 
those for the altitude/barometric pressure selected. 

3.4.2.  Airblast Parameters 

Airblast parameters are presented for two conditions: Sea Level and at the 
altitude/barometric pressure specified.  Figure 3-4 is a sample of Airblast Parameters portion of 
the Output Section: 
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The following airblast parameters are presented: 

• Distance to Exposed Site 

• Scaled Distance 

• Time of Arrival 

• Overpressure at Distance 

• Reflected Pressure 

• Positive Phase Duration 

• Positive Phase Impulse 

• Reflected Impulse 

• Dynamic Overpressure 

• Dynamic Overpressure Impulse 
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Figure 3-4.  Output Section - Airblast Parameters 

 

3.4.3.  Other Information 

Other available information includes:  

• Probability of Window Breakage (for selected window size/pane 
thickness/material),12, 13  

• Probability of Ear Drum Rupture,14 and 

• Probability of Lethality Due to Lung Damage.14 
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Window breakage probabilities are estimated for six different combinations of glass; 
size/type/thickness using the GLASSC model developed by ACTA, Inc.  (Note:  The user has no 
choice/control on the window parameters). 12,13  These are shown in Figure 3-5 – again for our 
example problem.  

Figure 3-5.  Output Section - Window Breakage 

  

Three estimates, based on information contained in Reference 14, are given for the 
probability of eardrum rupture (Figure 3-6): 

• Minor Damage 

• Moderate Damage 

• Major Damage 
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Figure 3-6.  Output Section - Eardrum Rupture 

  

The final estimate is the probability of lethality due to lung rupture (Note:  Lung Rupture 
is the primary airblast lethality mechanism).15  This is shown in Figure 3-7 (for the example 
problem).  

Figure 3-7.  Output Section - Lung Rupture 

  

Portions of the summary tables referred to at the bottom of the Airblast Parameters section 
are shown in Figure 3-8A and 3-8B. 
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Figure 3-8a.  Output Summary Table - Sea Level 
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Figure 3-8b.  Output Summary Table - At Altitude and Temperature 
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3.5.  OTHER FEATURES 

After selecting a PES, weapon type, and explosive type, the explosion effects are then 
dependent upon the inter-relationship of three sets of data:  the NEW (or Number of Munitions), 
the selected distance, and the type of explosion effect (time of arrival, peak pressure, probability 
of fatality due to lung rupture, etc.).  If two of these are known, then the third can be computed.  
When the NEW and distance are known, the BEC-O computes the effect.  This is the procedure 
described above.  However, it is sometimes useful to reverse the process (i.e., to enter the effect 
and either the distance or NEW/Number of Munitions and compute the other variable).  This 
reverse process is referred to as “Back Calculation.”  

When back calculating, either the distance or the NEW must be entered at the top of the 
spreadsheet.  An arbitrary value for the other input variable must also be used—any number 
greater than zero.  Make the appropriate selections from the other inputs: Select Explosion Site, 
Select Type of Munition, and Select Type of Explosive.  When the other inputs are complete, 
select the Goal Seek Function under the Data Tab in the Ribbon using the What-If Analysis 
drop-down menu.  When this option is selected, the following 
dialog box is displayed:  

Enter the Cell Reference of the cell that Goal Seek will 
compute into the Set Cell:  box.  Enter the value the cell should 
equal (i.e., the measured or known value) in the To Value:  box. 
Enter the Cell Reference of the Cell that Goal Seek will change 
into the By Changing Cell:  box.  The Cell Reference can 
be set by first placing the cursor in the appropriate GOAL 
SEEK dialog box and then left-clicking the mouse on the 
cell of choice in the BEC-O.  

As an example of this process, consider the example 
problem.  Suppose an analyst wishes to know at what 
distance a Positive Phase Impulse of 700 Pa-s would occur.  
Examining the Output Section, the Positive Phase Impulse 
is located in cell E48.  The Distance is located in cell I6.  The following GOAL SEEK dialog 
box defines the problem: 

Once the appropriate information is entered, click 
OK.  When the iteration process is completed, the 
following dialog box will appear: 

Click OK.  Figure 3-9 shows a portion of both the 
Input and Output Sections: 
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Figure 3-9.  Goal Seek Example 
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CHAPTER 4:  BEC-O, VERSION 1, WARNING MESSAGES 

Warning messages appear in an information box located in the right-center area of the Input 
Section.  These warning messages are of two types: 

• If the NEW that has been entered is greater than the limit that is set for each type of 
PES 
(Out of Range (Total NEW must be less than _____)) 

• If the calculated Scaled Distance is outside the data range for the yield algorithms 
 (WARNING: Scaled Distance (too small/too large). Zeff,p,s and Zeff,I,s must  
 be _______).  When the scaled distance is in this regime, the yield  
 algorithms use either the Low Z or High Z asymptotes.  

All of these warning messages are informational (i.e., the BEC-O will produce answers even 
if a warning message is displayed).  

The NEW limits for each PES type associated with a Type 1 warning are shown in 4-1. 

Table 4-1.  New Limits 

 

The Scaled Distance limits for each PES and weapon type associated with a Type 2 warning 
are shown in Table4-2.  These limits are based on the range of validity of the curve fits 
associated with the pressure and impulse yield functions for each item and PES type.  The 
minimum Zeff values presented in this table represent the greater of the minimum Zeff values for 
pressure and impulse shown in Table 2-2.  The maximum Zeff values presented in Table 4-2 
represent the lesser of the minimum Zeff values for pressure and impulse shown in Table 2-2.   
This will result in a warning message being displayed at any time that the effective scaled 
distance value is outside the valid range of the test data. 



DDESB TP 20, 11 June 2018 
 

CHAPTER 4:  BEC-O, VERSION 1, WARNING MESSAGES 54 

Table 4-2.  Scaled Distance Limits 

 

In addition to the informational messages just discussed, there are limits associated with the 
airblast algorithms themselves that come from the curve fits described in Reference 11.  “Out of 
Range” may be displayed as the output for any of the output parameters when the scaled 
distance is outside the range shown in Table4-3.  The limits associated with window breakage, 
eardrum rupture and lung rupture are the limits associated with the incident pressure function 
given in Reference 11. 

Table 4-3.  Scaled Distance Limits of Output Parameters 
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LIST OF ACRONYMS 
 

AE ammunition and explosives 
AGS aboveground structure 
  
BEC Blast Effects Computer 
BEC-O BEC-Open 
  
°C degrees Celsius 
cm centimeter 
  
DDESB Department of Defense Explosives Safety Board 
DoDM DoD manual 
  
ECM earth-covered magazine 
ES exposed site 
  
°F degrees Fahrenheit 
ft foot or feet 
ft2 square feet 
  
H-6 high blast explosive 
HBX high blast explosive 
HPM high performance magazine 
  
kg kilograms 
kPa kilopascal 
  
lbs pounds 
  
m meter 
m2 square meter 
  
NEQ net explosive quantity 
NEW net explosive weight 
  
PES potential explosion site 
PETN pentaerythritol tetranitrate 
psi pounds per square inch 
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Q 
QD 

scaled distance term 
quantity distance 

  
SI International System of Units 
  
TGHAS third generation hardened aircraft shelter 
TNETB trinitroethyl trinitrobutyrate 
TNT trinitrotoluene 
TP technical paper 
  
UFC Unified Facilities Criteria 
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