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Chapter 2
BLAST AND SHOCK PHENOMENA

W '~rrobucTiON g

Most of the physical damage to material

that is caused by nuclear explosions near the
earth’s surface results from the blast and shock
phenomena or from the thermal radiation phe-
nomena associated with such explosions. This
chapter describes the blast and shock phenome-
na, while the thermal radiation phenomena are
described in Chapter 3. .
Damage to structures or materiel from
bla¥ and shock depends upon the location of
the explosion (air burst, surface burst, subsur-
face burst), and the location of the structure or
maieriel (in the air, on or under the surface of
the earth, or on or under a water surface). Ac-
cordingly, this chapter is divided into four sec-
tions. Section 1 describes the air blast phenome-
na from air and surface bursts. Section 11 deals
with cratering phenomena and the associated
problems of ejecta. Section II1 describes ground
shock phenomena from near surface and subsur-
face (ground) explosions. Section IV describes
the phenomena associated with underwater ex-
nlncions,

SECTION 1

W ~® past rrenomENA Y

‘ The shock wave that propagates through
air as a consequence of a nuclear explosion is
commonly referred to as a blast wave. The de-
structive 2ffects of a blast wave are produced by
its overpressure and its dynamic pressure, both
expressed in pounds per square inch (psi). Over-
pressure, Ap, is the amount by which the static
pressure in the blast wave exceeds the ambient

pressure. Dynamic pressure, ¢, is associated with
the mass motion of air in the blast wave. It is
approximately equal to the pressure that this
strong wind develops when it hits a stationary
object. Dynamic pressure is defined more com-
pletely in paragraph 2-8.

When an ideal blast wave passes a given
point, the first disiurbance that is felt coincides
with the arrival of the shock front, a discontin-
uity at which both overpressure and dynamic
pressure rise abruptly to their peak values, as
illustrated at point B in Figure 2-1. The over-
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Figure 2-1. ‘ldeal Pressure-Time Relationships
for & Blast Wave in tho Low Pressure
Region (below 5 psi) ‘

pressure then follows an approximately expo-
nential decline to a negative value, i.e., to a pres-
sure below sambient, and gradually returns to
zero. The phase that is above ambient pressure
(between points B and C) is termed the positive
phase; the phase that is below ambient pressure



must be assumed for possible military en-
counters.

2-1 Interpretation_of Raliability
Statements

The reliability statement that accompa-
nies each set of blast-wave data in this chapter is,
when possible, based on the width of the band
that contains 90 percent of all data points. In
the example given above (free air overpressure),
there are many data points, and the width of

cases, the reliability statements must be based
on judgment. This is necessary when the data are
too few to indicate the amount of scatter clear-
ly, when large systematic errors are suspected,
and when curves are obtained from theory and
lack the support of experimental data.

2-2 FErrors Due to Yield Scaling -

- #Yield scaling is sufficiently accurate
that the errors introduced are, in most air blast

problems, masked by uncertainties in the experi-
mental data. The exact amount of error attribut-
able to yicld scaling is unknown, but it is esti-
mated to be a few percent. There are some

ull scale nuclear tests hax: confirmed the scal-
ing laws for yields to about 10 megatons (Mt),
and scaling to 20 Mt is considered a reasonabie
extrapolation of available, data. However, there
is reason to question whether the scaling laws
maintain their accuracy for still larger yields.
Since the fireball of a 20 Mt burst is over a mile
in diameter, nonuniformity of the atmosphere is
a sufficiently large factor to modify dcvelop-
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ment of both the fireball and the blast wave, as
will be described in subsequent paragraphs. This
modification may cause significant deviations
from the scaling laws. The scaling laws may be
applied to yields less than 1 kt or more than 20
#Mt, but the additional uncertainties involved
should be recognized.

2.3 Errors Due to Altitude Scaling [}

Altitude scaling is less accurate than
yield scaling, and the problem becomes signifi-
cant at altitudes above about 40,000 feet. Below
40,000 feet, available data are not adequate to
establish the magnitude of errors introduced by
altitude scaling, but they indicate that these
errors are probably small. Above 40,000 feet,
where scaling errors become fairly large, the
overpressuiv and dynamic pressure waveforms
depart from the predicted values more than
other conditions at the shock front.

2-4 Errors at Long Ranges ‘

As mentioned previously, a nonuniform
atmosphere can distort the blast wave. Varia-
tions of wind velocity or of temperature with
altitude car produce focusing effects by chan-
neling more energy in one direction at the ex-
pense of energy propagating in another direc-
tion. This effect is most pronounced at long
ranges. It is the principal reason for assigning a
wider tolerance to overpressure data below 1/2
psi (paragraph 2-24).

2.6 Effects of the Earth’s Surface -

Since the earth is not a perfect reflector,
blast waves interacting with its surface cannot be
predicted as dependably as blast waves in free
space. The reliability of blast-wave data at the
surface is discussed in paragraph 2-23.
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different intensity than the scaling laws predict
(see paragraph 2-44).

BLAST WAVE CALCULATIONS

]
RFREE AIR ‘

The physical characteristics of the blast
wave change as a function of time and distance
as the blast wave moves out from the explosion.

* In a homogeneous atmosphere, where no bound-

arics or surfaces are present, these changes take
place in a definite manner as a result of spherical
divergence and irreversible energy losses to the
air. The shock front peak overpressure and other
shock wave parameters, such as velocity, that
depend on the overpressure decrease with in-
creasing distance, and the shock strength is

- ——attenuated with distance,

2.7 Peak Overpressure '

The curve for free-air peak overpressure
in a standard sea-level atmosphere is shown in
Figure 2-2 as a function of distance froma 1l kt
explosion. This curve can be used directly to

_ predict incident overpressures from air bursts up

to about 5,000 feet height of burst. The curve
also may be used to predict incideni overpres-
sures for heights of burst up to 40,000 feet by
using the altitude scaling procedure described in
the following subsection. The curve may also be
used to predict incident overpressures for
heights of burst above 40,000 feet by using a
reduced effective blast yield obtained from Fig-
ure 2-64. '

‘ Figure 2-3 shows 2 family of free air
overpressure curves as a function of slant range
for selected yiclds between 0.001 kt and 1,000
Mt. This figure eliminates the requirement for
yield scaling, 5o it is more convenient to use for
selected yields at heights of burst below 5,000
feet. For other yields and for higher burst
heights. the curve in Figure 2-2 provides more
accurate data for scaling.

2-4

2:8 Peak Dynamic Pressure

Dyraric pressures cause stationary tar-
gets to experience drag forces associated with
the high-velocity winds that follow the shock
front. In an ideal blast wave, dynamic pressure
rises abruptly at the shock front to its peak
value and then diminishes as overpressure de-
creases. Because of this decay behind the shock
front, these strong gusts of wind cannot be com-
pared directly with steady winds of the same
velocity. During the negative overpressure phase,
the transient winds reverse and blow at reduced
velocities; the resulting values of dynamic pres-
sure are small and act in the opposite direction.
As a result of the momentum of air in motion,
the positive dynamic pressure phase lasts slightly
longer than the positive overpressure phase.

The dynamic pressure is proportional to
the square of the wind velocity and to the den-
sity of the air behind the shock front as follows

1
q =5 Py,

where q is the dynamic pressure, p, is the den-
sity of the air behind the shock front, and u is
the particle (wind) velocity behind the shock
front. These latter two quantities may be related
to the overpressure under ideal conditions by

" equations that will be given in the succeeding

subsection (paragraphs 2-15 and 2-17).

Peak dynamic pressure is shown as a
function of distance from a 1 kt free air explo-
sion in a standard sea level atmosphere in Figure
2-4.

- Dynamic pressure and overpressure are
considered separately not only because they
have different origins, but also because they re-
act differently with the target. For example, a
telephone pole is not particularly sensitive to
overpressure; but a dynamic pressure of the
order of 1 psi is sufficient to break it.
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At breakaway (i.e., the instant that the
shock front moves beyond the fireball) the
shock front from a sea-level burst has a velocity
of approximately seven times the velocity of
sound. Shock front velocity decreases as peak
overpressure decreases; it approaches the veloc-
ity of sound as peak overpressure approaches
zero. The time of arrival of the shock front is
shown as a function of distance from a 1 kt free
air explosion in a homogeneous sea level atmo-
sphere in Figure 2-5.

2.0 Duration of the Positive
Phases of Overpressure
end Dynamic Pressure

- As illustrated in Figure 2-1, both the
overpressure and the dynamic pressure rise
rapidly to peak values, decay to negative values,
and finally return to zero. It is during the posi-
tive phase of the overpressure and/or the dynam-
ic pressure that most of the physical damage is
caused to structures, materiel, or personnel. The
positive phase durations of the overpressure
pulse (¢7) and the dynamic pressure (t;) are
shown in Figure 2-6 as a function of distance
from a 1 kt free air explosion in 2 homogeneous
sea level atmosphere.

211 imputse

The ideal parameter for specifying the
inivasily of a blast wave would be one that hasa
simple definition and that relates directly to
damage potential. Peak overpressure serves this
function approximately for many applications.
Impulse, which combines the effects of pressure
and duration, is another of the parameters that
approaches this ideal for some types of targets.

Impulse may be defined as the product
of the average pressure and the time during
which the pressure acts. Mathematically, the

positive-phase overpressure impulse Ip is defined
as

L= % aptiid
= 1.
P Jwo
Negative-phase impulse is similarly defined in
terms of the underpressure; it is usually less sig-
nificant than the positive-phase impulse. For this
reason, the term overpressure impulse is conven-
tionally interpreted to mean positive phase over-
pressure impulse.

Dynamic pressure impulse is similarly
defined as the time integral

t=t;
I, = Jf qlt)dr,

t=0

‘ Figure 2-7 shows positive overpressure
impulse as a function of range from a 1 kt free

air burst in a standard sea levél atmosphere.
Comparison of Figures 2-2 and 2-7 shows that
overpressure impulse falls off much less rapidly
with distance than does peak overpressure. This
is because the pressure pulse broadens (becomes
more extended in time) as the peak overpressure
declines.

Figure 2-7 also shows a curve represent-
ing dynamic pressure impulse. Near the burst,
dynamic pressure impulse is limited by the rela-
tively small volume of air enclosed by the shock
front. This small amount of air can only sustain
a strong wind for a short time interval; conse-
quently, the dynamic pressure pulse is very nar-
row (shost duration) at short ranges. At scaled
distances between 200 and 400 feet, the dura-
tion of the dynamic pressure pulse decreases
almost as rapidly as peak dynamic pressure in-
creases with decreasing distance; as a result,
dynamic pressure impulse remains nearly con-
stant over this range of distances.
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Problem 2-1.

* - Figure 2-2 shows the peak overpressure
as"a fu

nction of slant range from a 1 kt explo-
sion in a homogeneous sea level atmosphere at
heights of burst up to about 5,000 feet. For
higher burst heights, this figure may be used to-
gether with the altitude scaling procedures de-
scribed in paragraph 2-14 and illustrated in prob-
lem 2-6. Figure 2-2 only applies to free air over-
pressure. Overpressures at the surface should be
obtained from the subsection “BLAST WAVE
P OMENA AT THE SURFACE.”

Scaling. For yields other than 1 kt, the
distance for any specified overpressure is

e

A oy
a, "

where d, is the distance from the explosion ob-
tained from Figure 2-2 for 1 kt, and d is the
corree onding distance for a yield of ¥ kt.

i\ Example

bzven A 5 kU explosion at 4,000 feet.

Find: The coaltitude distance to which 7
psi overpressure will extend.

Solunon From Figure 2-2, an overpreSsure
of 7w will extend to 1,000 feet for explosions
below about 5,000 feet.

Answer: The corresponding distance for a 3
kt weapon is

d=d, x W =1000x (=

1,710 feet.

2-6

Calculation of Free Air Peak Overpressur?

Reliability n

The curve showr. in Figure 2-2 is a
theoretical curve that agrees well with experi-
mental data. For scaled ranges up to 1,000 feet
(overpressures greater than 7 psi at sea level) the
values of peak overpressure obtained from the
curve are estimated to be within 15 percent of
the overpressure that a given nuclear burst will
produce. This portion of the overpressure-

“distance curve has been verified by analyses of

data obtained by high-speed photography.

P For scaled distances greater than
1,000 feet (overpressures below 7 psi) the values
of peak overpressure obtained from the curve
are estimated to be within £30 percent the over-
pressures that a gwen burst will produvce. This
portion of the curve is based on theore ical cal-
culations that agree closely with the empirical
curve in the high overpressure region. The exper-
imental data for this portion of the curve consist
of both airborme pressure gages (either in para-
chuted canisters or aircraft in flight) and pres-
sure gages mounted on towers above the ground.
Since atmospheric effects (see paragraph 2-16)
influence overpressures strongly, greater scatter
is found in the data on both sides of the curve in
this region.

Related Material: See paragraph 2-7. See
also paragraph 2-14 through 2-15 and Problem
2.6 for scaling to altitudes up to 40,000 feet.
See paragraphs 2-42 through 2-44 for scaling
above 40,000 feet.
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Figure 2.2, . Peak Overpressure from a 1 kt Free Air Burst
in & Standard Sea Lavel Atmosphere
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Figure 2-3, “ Peak Overpressure in Free Air as a Function
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