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Abstract. The attenuation is a function of a structural strength and mass of 
the PES structure. Relatively light or weak structures (or open PES 
facilities) are assumed to not attenuate any of the pressure or impulse load. 
These not-attenuating facilities include: Pre-engineered metal building, 
Hollow clay tile building, Trailer (drop or stand-alone), Tractor-trailer and 
Bulk/tank truck/Van truck. If there is a barricade present between the PES 
and the ES and this barricade meets certain criteria, the user can direct the 
model to reduce the pressure and impulse arriving at the ES because of the 
presence of the barricade. The fractional damage of the PES structure 
remaining intact after an explosive event is a function of the equivalent 
NEW (Net Explosive Weight) and the PES building type. The fractional 
damage (a value between 0 and 1) of each PES component (roof, front 
wall, side walls, and rear wall) is determined by comparing the NEW to 
lower-bound and upper-bound damage limits for the PES types. So, if the 
NEW is below the lower-bound damage limit value, then the PES structure 
is assumed to remain totally intact; if the NEW is greater than upper-bound 
damage limit value, then the PES structure is assumed to be completely 
destroyed; if the NEW value is between the lower-bound damage limit and 
upper-bound damage limit, the PES structure is partially or fractionally 
damaged. If the equivalent NEW is between the two values, an algorithm is 
used to determine how fast the PES structure transitions from zero damage 
to full damage as the NEW increases between the lower-bound damage 
limit and upper-bound damage limit values. This algorithm and all 
associated parameters are described in the following. 

 

                                                           
* Corresponding author: dragos.vasilescu@insemex.ro 

373, 00031 (2022) https://doi.org/10.1051/matecconf/202237300031MATEC Web of Conferences 

UNIVERSITARIA SIMPRO 2022

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



1 Introduction 

The probability of fatality given the event occurs and a person present is determined by 
considering the potentially fatal results at the Exposed Site (ES) due to multiple hazard 
mechanisms 1-3. These potential fatality mechanisms should be analysed in parallel and 
can be grouped into four branches of sequential steps: Pressure & Impulse (the explosion 
produces a blast wave described by both the pressure and the impulse); Structural Response 
(two consequences are assessed here: building collapse and broken windows – flying 
glass); Debris (the debris branch combines hazardous debris from three sources into a 
single table of debris density as a function of Kinetic Energy (KE). These three components 
are primary debris from de explosive articles, secondary debris from the PES, and ejecta 
from the crater); Thermal (the thermal branch is only use for Hazard Division (HD) 1.3 
explosive – mass fire). The effects and consequences of each hazard mechanism or branch 
are considered in sequence as the hazard is (1) generated at the PES, (2) affected by the 
PES structure if applicable, (3) affected by the distance between the PES and ES, and (4) 
affected by the presence of the ES structure applicable, before finally reaching the exposed 
person(s). Values for pressure and impulse are based on simplified Kingery-Bulmash 
hemispherical TNT equations. Pressure and impulse values for explosives articles that are 
classified as “Packaging with small fragments”, “Intermediate Bulk Container (IBC)”, or 
“No primary fragments” are based on the effective yield, which is equal to the yield of the 
event. Pressure and impulse values for explosives articles that are classified as “Metal-
cased explosives articles” or ”Metal container” are based on the effective yield, W1, and the 
hazard factor, Z. This hazard factor, or scaled range, is used to calculate the unmodified 
pressure and impulse values. These values are labelled as unmodified because they 
represent the baseline pressure and impulse value from an open-air detonation. They do not 
account for the presence of a PES or ES structure 4-7. 

2 Technical aspects to calculate the blast shielding effects 
generated by the open-air pressure and impulse 

The effective yield of an explosive article accounts for amplification or attenuation based 
on the material type and effects of the casing. This adjustment is made by calculating an 
equivalent hemispherical charge weight referred to as the Effective Yield, Y. This 
adjustment is made only if the casing or packaging of the explosive article has an effect on 
the explosive behavior. The following explosive article types have no adjustment due to 
negligible effects from the casing or packaging: No primary fragments; Packaging with 
small fragments; Intermediate Bulk Containers (IBC) 8, 9. 

The remaining explosive article types (metal containers and metal-cased explosives 
articles) receive an adjustment to the specified explosive weight. The adjustment is 
sensitive to the scaled range, Z. Within a minimum scaled range (0.768 m/kg1/3), a scaled 
range of 0.768 is assumed. A ceiling value specific to each explosive article type is also 
specified. Beyond this ceiling value, the ceiling scaled range value is assumed. Between 
these bounding values (for the vast majority of scenarios), an adjustment algorithm is used. 

First, the scaled range from the PES to the ES being considered is determined. This is 
shown as Equation 1, where Z is the scaled range, d is the range to the ES and W1 is the 
effective explosives weight. Equation 2 calculates the natural log of the scaled range, 
referred to simply as X. 

𝑍 =
ௗ

(ௐభ)భ/య        (1) 
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X = ln(Z)         (2) 

Equation 2 presents the form of the effective yield adjustment and Table 1 presents the 
coefficients used as well as the scaled range values that use this form of adjustment. In this 
equation, Xw is the explosive weight of a single item. 

Yi=1,2തതതത= ൬
W1

XW1i=1,2തതതത
൰ eቀa1i=1,2തതതത+a2i=1,2തതതതx+a3i=1,2തതതതx2+a4i=1,2തതതതx3+a5i=1,2തതതതx4+a6i=1,2തതതതx5ቁ   (3) 

Yi=1,2തതതത= ൬
W1

XW1i=1,2തതതത
൰ ∙e

ቈ൬
4.43036

-2.980723
൰+൬-0.838135

1.944348
൰x+൬

0.544216
-0.293102

൰x2+ቆ
-0.184942

-0.173221
ቇx3+ቀ

0.01943
0.049327

ቁx4+ቆ
-0.000231

-0.0035675
ቇx5቉

 (3’) 

where: 1-Metal Container and 2-Metal-Cased Explosives Articles, Z and XW are according 
to Table 1. 

Table 1. Coefficients used and scaled range values  

Explosive article type 
i=1,2 

Scaled  
range, Z 
(m/kg1/3) 

XW 

Metal Container (for i=1) 0.768÷224.0 15.876 

Metal-Cased Explosives Articles, (for i=2) 0.768÷166.4 0.091 

Once the Effective Yield (Y) is calculated, the Effective Scaled Range (Z0) and Effective 
Natural Log (X0) can be calculated as shown in Equations 4 and 5. 

Z
0
=

d

(Y0)1/3         (4) 

X0 = ln(Z0)        (5) 

The Unmodified Pressure (P1) and Unmodified Impulse (I1) represent the open-air 
pressure and impulse experienced at the ES at its specified range from the PES as if there 
were no PES structure. The values are calculated as shown in Equations 6 and 7 according 
to scaled range provided in Table 2 and Table 3. 

P1i=1,3തതതത=eቀb1i=1,3തതതത+b2i=1,3തതതതx0+b3i=1,3തതതതx0
2+b4i=1,3തതതതx0

3+b5i=1,3തതതതx0
4ቁ    (6) 

P1i=1,3തതതത=e

൦൭
6.1937
8.8035
5.4233

൱+ቌ

-1.4398

-3.7001

-1.4066

ቍx0+൭
-0.2815
0.2709

0
൱x0

2+൭
-0.1416
0.0733

0
൱x0

3+ቌ
-0.0685

-0.0127
0

ቍx0
4൪

  (6ʹ) 

where: i represent the numerical domain of the scaled range Z (m/kg1/3): 0.32÷4.64 (for 
i=1), 4.64÷38.4 (for i=2) and 38.4÷320.0 (for i=3): 

I1i=1,4തതതത=eቀc1i=1,4തതതത+c2i=1,4തതതതx0+c3i=1,4തതതതx0
2+c4i=1,4തതതതx0

3+c5i=1,4തതതതx0
4ቁ. Y1/3   (7) 

I1i=1,4തതതത=e⎣
⎢
⎢
⎢
⎡

ቌ

2.975
0.911
3.2484
4.7702

ቍ+൮

-0.466
7.26

0.1633
-1.062

൲x0+൮

0.963
-7.459

-0.4416
0

൲x0
2+ቌ

0.03
2.960
0.0793

0

ቍx0
3+

⎝

⎜
⎛

-0.087

-0.432

-0.00554
0 ⎠

⎟
⎞

x0
4

⎦
⎥
⎥
⎥
⎤

 . Y1/3 (7ʹ) 

where: i represent the numerical domain of the scaled range Z (m/kg1/3): 0.32÷1.543 (for 
i=1), 1.543÷3.84 (for i=2), 3.84÷54.4 (for i=3) and 54.4÷256.0 (for i=4). 
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3 Results and discussions 

3.1 Attenuation  

This step accounts for the presence of the PES structure and its potential to attenuate some 
of the blast load.  Not all PES types attenuate blast loads 10, 11.  The main document lists 
those PES types that do not attenuate the blast loads. This section will present the 
methodology for attenuation used by those robust PES types that affect the blast loads.The 
Adjusted Pressure (P2) and the Adjusted Impulse (I2) represent the pressure at the ES 
considering the potential effects of the PES. If no attenuation is provided by PES structure, 
the adjusted pressure and impulse values (P2 and I2) are equal to the unmodified pressure 
and impulse values (P1 and I1) calculated above step. Similar to the methodology used to 
account for amplification or attenuation effects of explosives article casing or packaging, 
the potential attenuation of the PES structure is accounted for by modifying the explosives 
weight considered. In this step, the modified weight value is referred to as the Adjusted 
Weight (Wa). The equation for Wa is presented as Equation 8. The coefficients used in this 
equation are presented in Table 2. 

𝑊௔௜ୀ ,ଽതതതത = 𝑊ଵ𝑒൫ௗభ೔సభ,వതതതതାௗమ೔సభ,వതതതത௫బାௗయ೔సభ,వതതതത௫బ
మାௗర೔సభ,వതതതത௫బ

యାௗఱ೔సభ,వതതതത௫బ
రାௗల೔సభ,వതതതത௫బ

ఱାௗళ೔సభ,వതതതത௫బ
ల൯ (8) 

Wai=1,9തതതത=W1e⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎛

-0.438640

-1.283200
0.7206800
5.8111980
-5.568345

-8.572503

-7.345585

-4.186940

-11.81948⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎞

+

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

-8.416500

-3.611100

-8.851100

-13.94288
2.6646080
1.2822870
5.9060400
2.2894100
16.423350⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞

x0+

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

16.706000
5.4064000
10.700000
11.122640
-0.6710276
0.1804460
-3.846292

-0.1624718

-8.9913860⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞

x0
2+

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

-12.74900

-3.158200

-6.089100

-4.566028
0.4365081
-0.226038
1.7876420
-0.071019
2.2772750⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞

x0
3++

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

4.7554000
1.0194000
1.8914000
1.0500350
-0.146579
0.0394751
-0.408498

-0.000446

-0.268759⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞

x0+
4

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

-0.866790

-0.177380

-0.308110

-0.129367
0.0149590
0.0149590
0.0317336
0.0018659
0.0123688⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞

x0
5+

⎝

⎜
⎜
⎜
⎜
⎛

0.0615260
0.0124970
0.0202990
0.0067025

0
0
0
0
0 ⎠

⎟
⎟
⎟
⎟
⎞

x0
6

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 (8’) 

where: i=1,9 for scaled range and adjusted weight, according to Table 2.  

Table 2. The coefficients used in equation 8 

 

 
Scaled  range, Z 

(m/kg1/3) 
Adjusted weight, Wa 

(kg) 

For 
i=1 

Earth-Covered Magazine 
(ECM)-front (all sizes/types) 

 38.4 0.1587 W1 

0.96÷38.4 Eq. (5)/ Eq. (5ʹ) 
 0.96 0.0453 W1 

For 
i=2 

Earth-Covered Magazine 
(ECM)-side (all sizes/types) 

 38.4 0.1587 W1 
1.28÷38.4 Eq. (5)/ Eq. (5ʹ) 
 1.28 0.0589 W1 

For 
i=3 

Earth-Covered Magazine 
(ECM)-rear (all sizes/types) 

 38.4 0.0907 W1 
1.6÷38.4 Eq. (5)/ Eq. (5ʹ) 
 1.6 0.0635 W1 

For 
i=4 

Hardened Aircraft  Shelter 
(HAS)-front 

 40.32 0.3084 W1 
2.24÷40.32 Eq. (5)/ Eq. (5ʹ) 

 2.24 0.1723 W1 

For 
i=5 

Hardened Aircraft  Shelter 
HAS-side 
(W113.399 kg) 

 64 0.5443 W1 
1.6÷64 Eq. (5)/ Eq. (5ʹ) 
 1.6 0.0136 W1 

For 
i=6 

Hardened Aircraft  Shelter 
HAS-side 
(W113.399 kg) 

 64 0.5443 W1 
1.6÷64 Eq. (5)/ Eq. (5ʹ) 
 1.6 0.0136 W1 

373, 00031 (2022) https://doi.org/10.1051/matecconf/202237300031MATEC Web of Conferences 

UNIVERSITARIA SIMPRO 2022

4



Once the Adjusted Weight (Wa) is calculated, the Adjusted Scaled Range (Za) and 
Adjusted Natural Log (Xa) can be calculated as shown in Equations 9 and 10. 

𝑍௔ =
ௗ

(ௐೌ )భ/య       (9) 

𝑋௔ = ln (𝑍௔)       (10) 

The Adjusted Pressure (P2) and the Adjusted Impulse (I2) are calculated as shown in 
Equations 8 and 9 with the required coefficients are the same as those previously provided 
in Equations 6/6’ and 7/7’. 

3.2 Overpressure Shielding Routine 

This section discusses the mathematics involved in determining blast overpressure shielding 
12, 13. If distance L1 is the length from the PES to the barricade and H is the height of the 
barricade,  

LH = L1/H       (11) 

If LH < 0.3048 m (1 ft), the algorithm is not considered applicable and therefore no blast 
shielding is provided to the ES. 

If R/H ≥ 6.096 m (20 ft), where R is the distance between the barricade and the ES, no 
blast shielding is provided to the ES. 

The barricade pressure reduction and the barricade impulse reduction factors can be 
seen in Figure 1 and Figure 2 respectively. 

The pressure at the ES = (FP).(P2) and, the impulse at the ES = (FI).(I2) where, FP is the 
pressure reduction factor and FI is the impulse reduction factor, calculated  by the following 
Equations (for NEW in kg - SI units): 

F
P
=0.36 ቀ

L
H

6
ቁ

0.83
ቀ

R

H
ቁ

0.21
ቀ

NEW

2429.5
ቁ

-0.06
     (12) 

F
I
=0.55 ቀ

L
H

6
ቁ

0.52
ቀ

R

H
ቁ

0.22
ቀ

NEW

2429.5
ቁ

-0.08
     (13) 

 

For 
i=7 

Hardened Aircraft  Shelter 
HAS-rear 
 

 32 0.0317 W1 
1.7÷32 Eq. (5)/ Eq. (5ʹ) 
 1.7 0.0317 W1 

For 
i=7 

(AGBS), Operating Building, 
Unreinforced Concrete, Masonry and 
Shed 

 89.6 0.385 W1 
0.73÷89.6 Eq. (5)/ Eq. (5ʹ) 
 0.73 0.009 W1 

For 
i=9 

Ship (all sizes) and 3/8 Steel Bin 
 

 64 0.6032 W1 
4.99÷64 Eq. (5)/ Eq. (5ʹ) 
 4.99 0.2267 W1 

 ISO Containers, Steel Magazines, 
Vehicles/Trailers 1/4 Steel Bin 

 64 0.4535 W1 
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Fig. 1 Pressure Reduction Factor Fp. 

 

Fig. 2 Impulse Reduction Factor FI. 

As an illustration of the resultant shadow effect or barricade blast shielding is shown in 
Figure 3 and Figure 4. This scenario is an Open PES vs Open ES with 4,536 kg NEW and a 
qualifying 6.096 m (20 ft) high barricade. The adjusted pressure and impulse are plotted, 
but since the PES is open there is no attenuation from the PES. The x-axis is the distance 
between the ES and PES and the barricade is fixed at 152.4 m (500 ft). 
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The ES is clearly not shielded until it gets beyond the barricade. Just beyond 152.4 m 
(500 ft), at about 155.4 m (510 ft), the graph shows a rapid decrease in impulse and pressure 
indicating the position where the ES experiences the maximum protection from the air blast 
effects. As the ES distance increase from the barricade and from the PES, the plot of the 
barricade’s blast shielding effect decays rapidly until it has no effect on pressure and 
impulse at 161.5 m  (530 ft) in this scenario. 

 

Fig. 3 Blast Shielding – Impulse. 

 

Fig. 4 Blast Shielding – Pressure. 
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3.3 Determining the PES Damage 

The fractional damage (a value between 0 and 1) of each PES component (roof, front wall, 
side walls, and rear wall) is determined by comparing the NEW (W2) in SI units (kg), to 
lower- bound (Y0) and upper-bound (Y100) damage limits for the PES types 14, 15. These 
values are presented for all PES types in Equation 14 and Table 3. 

PESdamage i=1,10തതതതത= ൦
1

ቀY
100i=1,10തതതതത
j=1,4തതതത

-Y
0i=1,10തതതതത
j=1,4തതതത

ቁ
b
i=1,10തതതതത
j=1,4തതതത ൪ ቀW2-Y0i=1,10തതതതത

j=1,4തതതത
ቁ

bi=1,10തതതതത
j=1,4തതതത

       (14) 

Table 3. The fractional damage of each PES component. 

PES Namei=1,10 
Roof (j=1) Front wall (j=2) Side walls (j=3) Rear wall (j=4) 

Y0 Y100 b Y0 Y100 b Y0 Y100 b Y0 Y100 b 
Open, (i=1) 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Hollow clay tile, (i=2) 0.453 3.628 0.3 0.453 3.628 0.3 0.453 3.628 0.3 0.453 3.628 0.3 
HAS, (i=3) 453.6 907.2 0.9 18.143 907.2 0.9 453.6 907.2 0.9 907.2 4,536 0.9 
ECM (all 
sizes/types),(i=4) 

6.803 113.399 1.0 0.453 4.535 0.6 907.2 4,536 0.9 907.2 4,536 0.9 

AGBS (all sizes), 
(i=5) 

0.453 7.257 0.5 0.453 3.628 0.3 0.453 3.628 0.3 0.453 3.628 0.3 

Concrete operating 
building (all sizes), 
Small and Medium 
unreinforced concrete 
magazines and 
Double-Wythe brick 
building, (i=6) 

0.453 7.257 0.5 1.360 45.359 0.4 1.360 45.359 0.4 1.360 45.359 0.4 

Shed, (i=7) 1.360 18.143 0.4 0.453 3.628 0.3 0.453 3.628 0.3 0.453 3.628 0.3 
Type 3 Day Box steel 
magazine, (i=8) 

0.453 0.907 0.4 0.453 0.907 0.4 0.453 0.907 0.4 0.453 0.907 0.4 

Steel magazines (all 
types and sizes), ISO 
containers, Pre-
engineered metal 
building (PEMB), 
Vehicles, Trailers and 
Bins, (i=9) 

1.360 18.143 0.4 1.360 18.143 0.4 0.453 18.143 0.4 0.453 18.143 0.4 

Ship (all sizes), (i=10) 45.359 2,268 1.1 45.359 2,268 1.1 45.359 2,268 1.1 45.359 3,402 1.1 

If W2 is less than Y0, then the PES is undamaged.  
If W2 is equal to or greater than Y100, the PES is completely destroyed. 
If W2 is between Y0 and Y100, the fractional damage is calculated according to Equation 14. 

4 Conclusions 

The pressure and impulse values are modified to account for the presence of the PES 
structure (if applicable) and determine the damage to the PES structure. The blast shielding 
effects of a barricade between the PES and ES are detailed in the specialised sections of the 
paper. 

If a PES structure is present, this structure may attenuate or dampen a portion of the 
pressure and impulse loads generated within the facility. This attenuation is a function of 
the structural strength and mass of the PES structure. 

If attenuation is applicable, the effective yield, W1, is reduced according to the PES 
structure type and then the pressure and impulse equations are repeated to calculate the 

373, 00031 (2022) https://doi.org/10.1051/matecconf/202237300031MATEC Web of Conferences 

UNIVERSITARIA SIMPRO 2022

8



adjusted pressure, P2, and adjusted impulse, I2. The pressure and impulse calculated in this 
step represent the value at the ES location, accounting for the PES structure (if present) but 
not yet considering the shielding effects of the ES structure. 

If there is a barricade present between the PES and the ES and this barricade meets certain 
criteria, the user can direct the model to reduce the pressure and impulse arriving at the ES 
because of the presence of the barricade. 

According to the procedure which detailed in this paper, the fractional damage (a value 
between 0 and 1) of each PES component (roof, front wall, side walls, and rear wall) is 
determined by comparing the NEW (W2) to lower-bound (Y0) and upper-bound (Y100) 
damage limits for the PES types. 

 
This paper was developed within the NUCLEU - Programme, carried out with the support of ANCSI, 
Project no. PN-19 21 02 02. 
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