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EXPLOSION EFFECTS AND PROPERTIES: PART I - EXPLOSION EFFECTS IN AIR

This report includes a new collection and presentation of existing
data. It supersedes Section A (Explosions in Air) of NOLTR 65-218,
"Explosives - Effects and Properties." Sections B, C, and D of
NOLTR 65-218 will be superseded in forthcoming repo-rts. In a report
of thi" nature, errors are bound to creep in; the Center would
appreciate having such errors brought to its attention, so that
subsequent editions of this report can be more accurate. Please
address correspondence to Commander, Naval Surface Weapons Center,
White Oak, Silver Spring, Maryland 20910, Attention: Code WR-15.

This compilation was accomplished under Naval Sea Systems Command
Task Number SF33-354-315/1846C.
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CHAPTER 1

EXPLOSION EFFECTS 1N AIR

One of the major regions of energy release of an explosion taking
place in air (or under a surface at small depths of burst) is the
airblast. The explosion initially creates a relatively compact volume
of high energy gases. The outward expansion of these gases produces
a plessure (shock) wave which travels initially at supersonic speeds.

Under ideal conditions for a spherical charge, the front of the
shockwave forms a sphere, centered at the site of the explosion.
Immediately behind the front is a region of high velocity, high
remperature air flow. At the shock front, the pressure, temperature,

and density rise very suddenly to values much greater than that in
the ambient atmosphere, and then decay to values lower than ambient
conditions, with a reversal in the direction of the air flow.
Eventually, these parameters return to the ambient conditions. These
conditions are shown qualitatively in Figure la for three times--t

t 2 , t 3 , with tI < t 2 < t 3 . Figure lb is a redrawing of one of the

pressure-time curves shown. On it are shown and defined some of the
parameters of particular interest in airblast, namely: (1) time of
arrival, (2) peak overpressure, (3) positive phase duration (positive
duration), and (11) positive phase impulse (positive impulse).

Scaling laws are used to calculate the characteristic properties of
the blast wave from an explosion of any given energy if those
for another energy are known. With the aid of such laws, it is
possible to present data for a large range of weights in a simple
form.

Theoretically, a given pressure will occur at a distance from an
explosion that is proportional to the cube-root of the energy
yield (this is known as "cube-root scaling" or Hopkinson Scaling).
Tests of Hopkinson Scaling have shown that it holds over a wide range
of explosive weights (from microtons of explosive up to and
including megatons). According to Hopkinson Scaling, if R is the

distance from a reference explosion of W pounds at which a specified
parameter occurs, such as overpressure o' dynamic pressure (dynamic
pressure., q, is 12 pu 2 , where P is the density of air and u is the
particle velocity), then for any explosion of W pounds, these same
parameters will occur at a distance R given by:

8
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= (w/w 1 )l/3 (1)

Applying these same relationships to times and to impulses gives the
following relationships:

'p t/tI R (W/W-.)l/3 (2)

I/Il = = (W/WI)i/3 (3)

where t represents the arrival time or positive phase duration and
I is tAe positive impulse for the reference explosion of weight Wl;

as before R and R are distances from the new and reference charges.

By rearranging equations (1), (2), and (3), the following relationships
are obtained:

R/W1 / 3  R / 1/3)
• ~ t/W I/3 t l/ l / when

W/W= l /W 3  when R/W I/ 3 - RI

W113 (6)

The quantity R/WI/3 is defined as the scaled dst .ce (6The

qua.ntity t/W is defined as scaled time, and I/W%/3 as scalQd
positive impulse, where R, t, and- I are the unscaled paramete:-s.

All of the information presented in this report is based either on
experimental data or computer extrapolations of experimental data.
As with any result based on experimental data, there is an inherent
scatter involved; i.e., the curves and tables presented represent the
"best fit" or average values of the data, with some associated error
band.

CAVEAT: These scaling laws are strictly applicable only under certain
conditions; namely:

(1) identical ambient conditions
(2) identical charge shapes
(3) identical charge to surface geometries

however, for practical reasons, they are applied even when
only similar conditions exist.

Most of the information presented in this report is in terms of Engliah
units of measure. Figure lc contains conversion factors for convert-

ing this information to the Metric System.

A list of symbols used in this report are defined and presented in

Figure ld, Figure le presents a graph of cube roots of numbers up to

9I"I' ! 
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FIG. la QUALITATIVE VARIATION OF SHOCK WAVE PARAMETERS WITH DISTANCE AND TIME
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OVERPRESSURE

P
IMPULSE (i.e., AREA UNDER CURVE)

AMBIENT
PRESSURE

TOA TIME

1*' POSITIVE PHASE ---- NEGATIVE PHASE-H

(1) TOA (TIME-OF-ARRIVAL)m THE TIME REQUIRED FOR THE SHOCK WAVE TO
TRANSIT THE DISTANCE FROM THE CENTER OF
THE EXPLOSION TO THE POINT AT WHICH THE
MEASUREMENT IS TO BE MADE,

(2) P (OVERPRESSURE) • PEAK PRESSURE ABOVE AMBIENT CONDITIONS.

(3) r" POSITIVE PHASE DURATION - THE LENGTH OF TIME (MEASURED FROM
THE FIRST PRESSURE RISE) NECESSARY FOR THE OVERPRESSURE TO
RETURN TO THE AMBIENT PRESSURE.

(4) POSITIVE PHASE IMPULSEm P(t) dt
-'o

FIG. lb IMPORTANT SHOCK WAVE PARAMETERS
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