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SECTION Vi

6.1a

PERSONNEL CASUALTIES

6.1 Air Blast and Mechanical Injury

a. General. The air blast from a nuclear
detonation may cause casualties among human
beings in two ways—direct blast injury and
indirect blast injury.

b. Direct Blast Injury.

(1) Crushing forces. Although the human
body isrelatively resistant to the crushing
forces which result from air blast loading,
large pressure differences resulting from
blast wave overpressures may cause
damage to lungs, abdominal organs and
other gas-filled body organs. Based on
data obtained from high explosive deto-
nations, it is estimated that on the order
of 200 to 300 psi peak overpressure is

permit the build-up of blast pressure due
to multiple reflections. Blast injuries
may therefore occur inside even though
the free air overpressure outside the
structure would not be sufficient to cause
injury.

Both ear drum rupture and other
bodily damage which may result from
overpressure are largely dependent upon
the characteristics of the shock front.
If the rise time is long, the body organs
are subjected to less severe pressure
differences and also are able to better
adapt themselves to high overpressure.
Consequently, the probability of injury
is reduced.

required to cause death in humans, (2) Translational Forces.
provided no translational motion occurs. (a) Mechanisms. The translational force

However, the long duration of the over-
pressure from a nuclear explosion may
appreciably lower this peak overpressure
criterion. In any event, no crushing
injury other than ear drum rupture
occurs for a peak overpressure of less
than 35 psi. Although ear drum rupture
may result from peak overpressures of
7 to 15 psi, this is not considered a
disabling injury, and the overall effective-
ness of a unit will not be hampered by
the occurrence of these injuries. There-
fore, since other damage producing effects
are overriding at pressures above 35
psi, crushing forces as such need not be
considered as a primary mechanism of
producing casualties to personnel in the
field.

In structures of certain types, such as
bomb shelters or permanent type gun
emplacements, where adequate shielding
exists against thermal and nuclear radia-
tion, the design of the structure may
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to which an individual exposed to s
blast wave is subjected depends prima-
rily on drag forces. Since the human
body is relatively small and the blast
wave almost immediately envelops it,
the diffraction process is short. The
translational force may be predicted
with reasonable accuracy if the burst
position, yield, terrain, and the orienta-
tion of the human body are known.
Since the translational force applied
depends on the exposed frontal surface
area of the human body, an individual
standing in the open is subjected to
much larger translational forces than
an individual lying on the ground
surface. Thus, assuming a prone posi-
tion at the instant a nuclear bomb
flash is detected is quite effective in
reducing the likelthood of injuries
resulting from bodily translation. In
addition, the translational forces are
appreciably reduced for an individual
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who is behind a building or in a shelter
which is sufficiently blast resistant.
The degree of protection afforded by
a foxhole against injury resulting from
translation is not too well known at
present. However, appreciable pro-
tection should be provided if the fox-
hole is deep enough to prevent lifting
therefrom.

(b) Criteria for injury. Although no direct

correlation is known between trans-
lational motion parameters and injury,
it is reasonable to assume that some
relationship exists. The initial rate
of acceleration, the motions of various
parts of the body while being trans-
lated, and the nature of the impact,
all certainly contribute to injury.
Probably most injuries will result
from impact. The severity of injury
will depend on the nature of the object
or objects with which the translated
body collides, the nature of the impact,
whether glancing or solid, and the
velocity at impact. Some individuals
may survive a large translation,
whereas others may be severely in-
jured or killed by a relatively small
translation. Because increased yield
results in increased positive phase
duration, attainment of velocities suf-
ficient to cause injury on impact will
occur for lower peak pressures. The
manner of impact likewise depends on
the nature of the terrain and surface
configuration. If solid impact occurs,
it is estimated that body velocities
of about 12 feet per second will
produce serious injury approximately
50 percent of the time, while collision
at about 17 feet per second will
result in approximately 50 percent
mortality. Figure 6-1 is a plot of
burst height vs. ground range at
which 50 percent of standing and
prone personnel in the open are ex-
pected to become direct blast casual-
ties. The curves are drawn for 1 KT
and may be scaled to other yields by
multiplying the burst heights by the
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cube root of the yield and the ground
distance by the four-tenths power of
the yield.

¢. Indirect Blast Injury.
(1) General. Indirect blast casualties result

from burial by debris from collapsed
structures with attendant production of
fractures and crushing injuries, from
missiles placed in motion by the blast
wave, or from fire or asphyxiation where
individuals are prevented from escaping
the wreckage.

(2) Personnel in structures. A major cause of

personnel casualties in cities is structural
collapse and damage. The number of
casualties in a given situation may be
reasonably estimated if the structural
damage is known. Table 6-1 shows
estimates of casualty production in two
types of buildings for several damage
levels. Data from Section VII may be
used to predict the ranges at which
specified structural damage occurs. Dem-
olition of a brick house is expected to
result in approximately 25 percent mor-
tality, with 20 percent serious injury
and 10 percent light injury. On the
order of 60 percent of the survivors must
be extricated by rescue squads. Without
rescue they may become fire or asphyxi-
ation casualties, or in some cases be
subjected to lethal doses of residual
radiation. Reinforced concrete struc-
tures, though much more resistant to
blast forces, produce almost 100 percent
mortality on collapse. The figures of
table 6-1 for brick homes are based on
data from British World War II expe-
rience. It may be assumed that these
predictions are reasonably reliable for
those cases where the population is in a
general state of expectancy of being
subjected to bombing and that most
personnel have selected the safest places
in the buildings as a result of specific
air raid warnings. For cases of no
prewarning or preparation, the number
of casualtiesisexpected to be considerably
higher. To make a good estimate of
casualty production in structures other

























































