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Study on the Empirical Equations for Pressure Curve by Air Blast
Sangki Kwon

Abstract The understanding of the pressure associated with air blast, which travels through air, and its effect on
surface and underground structures is highly important. It is necessary to determine the pressure change with time
and distance for a computer simulation of the explosion impact on a structure. From the previous studies, many
empirical equations for estimating the parameters related to the pressure change. In this study, the empirical equations
for predicting peak overpressure, duration of positive phase, impulse, minimum negative pressure, duration of
negative pressure, arrival time, and decay constant were reviewed and analyzed. Also, the pressure changes predicted
from the Kingery equation, which is the most commonly used, and from the other empirical equations were compared.
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Fig. 2. Comparison of the pressure changes in negative phase using linear and nonlinear equations, when W=5kg and R=5m.

Table 1. Parameters for estimating the time of arrival (Swisdak, 1994)

Time of arrival (ms/kg"?)
Z(m/kg"?) A B C D E F
0.06-1.5 -0.7604 1.8058 0.1257 -0.0437 -0.031 -0.00669
1.5-40 -0.7137 1.5732 0.5561 -0.4213 0.1054 -0.00929
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Table 2. Polynomial coefficients to define the arrival time (Guzas and Earls, 2010)
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Fig. 3. Arrival time dependent on scaled distance.
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Table 3. Constants for the polynomial equation of Kingery and Blumash to determine peak overpressure(kPa) (Swisdak, 1994)

Z(m/kg"?) A B C D E
0.2-2.9 7.1206 -2.1069 -0.3229 0.1117 0.0685
2.9-23.8 7.5938 -3.0523 0.40977 0.0261 -0.01267
23.8-198.5 6.0536 -1.4066 0 0 0
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Henrych 28.1 9 -65
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Table 5. Coefficients for positive pressure period of time(Swisdak, 1994)

Positive phase duration (ms/kg'?)

Z(m/kg"?) A B C D E F
0.2-1.02 0.5426 3.2299 -1.5931 -5.9667 -4.0815 -0.9149
1.02-2.8 0.5440 2.7082 -9.7354 14.3425 -9.7791 2.8535
2.8-40 -2.4608 7.1639 -5.6215 2.2711 -0.44994 0.03486
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Fig. 5. Duration of positive pressure(7") changed with scaled distance.
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Table 6. Coefficients for incident impulse (Swisdak, 1994)
Incident impulse (kpa-ms/kg"?)
Z(m/kg'?) A B C D E
0.2-0.96 5.522 1.117 0.6 -0.292 -0.087
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Table 7. Polynomial coefficients to

|

define the decay coefficient(Guzas and Earls, 2010)

"

Z(m/kg'"?) Co c c c C, Cs
0.3-0.95 308.473 -2146.9 5953.3 -8226.03 5687.43 -1573.4
0.95-2.4 17.6 -26.7855 17.86 -5.65557 0.694
2.4-6.5 4.432 -2.719 0.742 -9.3413e-2 4.47e-3
6.5-40 0.7116 -0.0627 3.325¢e-3 -8.24e-5 7.619e-7
40-500 0.2516 -1.7676e-3 9.5164e-6 -2.197e-8 1.79e-11
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Fig. 8. Variation of decay constant b with scaled distance in positive pressure phase.
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Ppin = 10* (pa) forZ <3.5 (52)
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Table 8. Calculated impulse from the pressure curves when
W=5kg and R=5m

Equations Peak overpressure|Impulse from pressure curve
(kPa) (kPa-ms)

Henrych 83.1 149.4
Wei 63.96 112
Newmark 85.95 154.4
Mills 94.48 169.7
Brode 71.86 129.1
Kingery 122.2 219.6
Sadovkiy 96.15 172.7
Kinney 84.6 152
Idadifard 82.49 148.2
Average 87.2 156.3

Table 9. Calculated impulse from the pressure curves when
W=5kg and R=5m
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Kingery 161.9
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Average 140.9
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Fig. 13. Comparison of the peak overpressure predicted from Kingery equation and the average of the other empirical equations.
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