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The nuclear blast effects on humans inside a building within the moderate damage zone (MDZ) are investigated. These
effects depend on many parameters that must be better understood. Injuries will spread further away than the devastating
destruction zone, where most people are killed instantly. Still, these injuries will vary depending on a person’s position
in the building and the air velocities attained when the blast wave enters indoors. The blast wave effects are examined
for an indicative, easily reproducible indoor arrangement. The airspeed behind the blast wave accelerates to even higher
velocities in the interior. The supersonic shock waves arising from the blast undergo expansion as they enter a room
through an opening leading to channelling effects. The results show that most of the air is directed towards the corridor
rather than through the opposite room’s door, leading to high airspeed developed in rooms further down the aisle. The
airspeed attained in the interior is calculated for two blast wave overpressures, 3 and 5 pounds per square inch (psi), for
which most concrete buildings do not collapse. The data reveals that the force applied to a standing person from the
speed of the gusts formed at several locations in the interior is equivalent to several g—forces of body mass acceleration
capable of lifting and throwing any person off the ground. It is then the impact onto solid surfaces that can lead to
severe injury or death. Finally, the results reveal preferential areas in the rooms where a human can avoid the risk of

exposure to the highest wind forces.

I. INTRODUCTION

The detonation of a nuclear bomb will have devastating ef-
fects on humans and assets. The shock waves and thermal and
ionizing radiation will cause destruction. Moreover, radioac-
tive fallout will impact for years. The shock waves will cause
most of the damage through fast changes in air pressure that
will destroy people, trees and manufactured structures. The
destruction will depend on the magnitude of the explosion,
and the greater the distance one wants to achieve, the greater
the burst height should be. Air bursts will result in higher
overpressures at longer distances. In contrast, surface explo-
sions will lead to higher overpressures at closer distances.

Although estimating the various effects at different dis-
tances is complicated, a general assessment based on past
nuclear tests and engineering projections suggests that over-
pressures at and above 20 pounds per square inch (psi) will
partially or entirely demolish heavily concrete buildings'=>.
At 10 psi, most people will die, and severe damage will oc-
cur. At 5 psi, severe injuries and fatalities to humans will be
widespread and significant damage to heavy structures will
occur. Finally, at longer distances featuring 3 psi, overpres-
sure will result in severe human injuries, and the destruction
of smaller built-in structures’. For the range of overpressures
below 5 psi, humans outdoors will be exposed to the absolute
risk of severe injury or death. The blast waves, debris from
structures, radiation and nuclear fallout will cause the above.

Several studies in the past have simulated the dispersion
and deposition of radioactive fallout from nuclear tests™ or
terrorist nuclear detonations®™® and modeled the radioactive
fallout from stabilized nuclear clouds’ and atomic weapon
tests'’. Obviously, near the nuclear bomb detonation, the dev-
astation would be widespread, and the fatality rate would be
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practically 100%. However, outside of the severe damage
zone (SDZ), the effect of the blast reduces and survivability
increases. Severe injuries can be reduced at distances corre-
sponding to overpressures below 5 psi, particularly for people
inside concrete buildings within the moderate damage zone
(MD?Z). In this case, the primary danger to human survivabil-
ity in indoor spaces becomes the extreme high-speed winds
that enter through the various openings in the building, e.g.,
windows. In addition, the propagation of shock waves indoors
will interact with walls and deflect around corners, doors and
obstacles. These interactions may induce higher pressures due
to channelling effects, thus increasing the injury risk.

The problem is multiparametric, as indoor spaces vary re-
garding obstacles and architectural layout. Thus the details of
the phenomena will be indoor arrangement dependent. De-
spite that, significant conclusions can be drawn from the in-
duced forces, which can help minimize the effect of blast im-
pact. This study shows that in the range of nuclear explosion
far-field overpressures below 5 psi, the injury for people in-
doors can vary and be reduced depending on the position of
humans in the building.

Tactical nuclear weapons range between 5 and 15 kilotons
(kT). In the present study, however, we have chosen a 750
kT atomic warhead as this corresponds to an extreme scenario
of an upper range value of a multiple independently targetable
reentry vehicle, such as, for example, the RS-28 Sarmat (Satan
10)''. Of course, this scenario is unthinkable, but it represents
a catastrophic scenario due to the existence of such a warhead
and the increasing geopolitical tensions. Therefore, we aim to
alert the world through rigorous scientific simulations of the
impact of such a scenario, particularly in MDZ. To our knowl-
edge, no previous studies have examined the risk to humans
caused by the high-speed winds from nuclear blasts entering
buildings within the MDZ.

Section § II provides a brief description of the computa-
tional methodology. Section § III describes (i) the computa-
tional setup used to simulate the nuclear blast § III A, (ii) the
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FIG. 1. Three-dimensional illustration of the air blast and generated blast wave 10 seconds following the detonation of a 750 kT nuclear
warhead above a typical metropolitan city; the radius of the shock bubble at ground level is 4.6 km with a peak overpressure of slightly over 7

psi.

equations for modeling the blast wave at the building windows
§ 111 B, (iii) the layout and dimensions of a (simplified) model
room layout § IIIC, and (iv) the calculation of the force on
a human §IIID. In Section § IV, we present the simulation
results obtained for the considered nuclear blast scenario of
a 750 kT atomic warhead §1V A and establish the hazard im-
posed to humans indoors within the MDZ §1V B. Finally, in
section § V, we summarize the main findings drawn from this
study.

Il. COMPUTATIONAL METHODOLOGY

We solve the compressible Euler equations for an ideal gas
using the finite volume method (FVM). In integral form, the
equations are formulated as follows:
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where p is the density; u is the velocity vector; p is the
static pressure; fi is the outward pointing unit normal of a
surface element dA of the closed finite control volume dV;
f}, is the external body force vector defined in section § 111 A;
e, = e+u-u/2 is the total energy per unit mass; e = ¢, T is
the specific internal energy. Furthermore, T is the tempera-
ture, ¢, is the specific heat capacity at constant volume, and y
is the heat capacity ratio (y = ¢, /c,), where ¢, is the specific
heat capacity at constant pressure. The ideal gas equation of
state is employed, p = pR.T, where R, = 287.05 J/kg K is
the specific gas constant of atmospheric air.

We have employed the CFD code CNS3D'?, which has
been extensively validated against theoretical and computa-
tional results for shock-physics flows'>'*. A detailed descrip-
tion of the numerical methods used can be found in Kokki-
nakis et al.'”. In brief, CNS3D uses an upwind, Godunov-type
method for the convective terms. We discretize the inter-cell
numerical fluxes by solving the Riemann problem using the
reconstructed values of the primitive variables at the cell inter-
faces. We use a one-dimensional swept unidirectional stencil
for the reconstruction of the variables. The Riemann problem
is solved using the so-called “Harten, Lax, van Leer, and (the
missing) Contact" (HLLC) approximate Riemann solver'”.
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A one-dimensional swept unidirectional stencil is used for
the reconstruction of the variables. High-resolution (11"-
order) discretization is achieved in the framework of the
Weighted-Essentially-Non-Oscillatory (WENO) scheme!'®
with specific implementation details previously presented'”.
We briefly mention below the WENO characteristics in the
framework of CNS3D. The left and right reconstruction sten-
cils are normalized, per variable, according to a transforma-
tion function'”. The transformation normalizes the candidate
stencils so that the entire stencil’s maximum value equals one.
The minimum value takes a positive and nonzero value, and
the value range scales relative to the maximum. Normalizing
the total stencil values per variable prevents negative WENO
smoothness indicator values, reduces the numerical dissipa-
tion and simplifies applying the proceeding step.

Furthermore, the WENO implementation'” uses a total
variation (TV) limiting procedure for each candidate sten-
cil and obtains the maximum TV ratio between the candi-
date stencils. If all stencils contain significant discontinuities,
the maximum TV ratio can be incorrectly small. Thus, an
additional criterion is introduced through the linear WENO
weights, i.e., the standard WENO weights are also modified
according to the mapped WENO (WENO-M) approach'”’.

Extensive past research has shown that the order of accu-
racy and the numerical design of the method used for the dis-
cretization of the convective (non-linear) terms significantly
influence the accuracy of the simulations'®'”. The above is
due to the non-linearity of these terms responsible for captur-
ing shock waves and contact discontinuities. The solution is
advanced in time using a five-stage (4"-order accurate) opti-
mal strong-stability-preserving Runge-Kutta method™.

11l.  COMPUTATIONAL PROBLEM DESCRIPTION

The computational domain is discretized using a uniform
Cartesian mesh for the fireball and the indoor simulations. We
performed simulations using half of the mesh resolution and
found that this reduces the accuracy of the calculated forces
by up to 5%. We concluded that the employed mesh resolu-
tions provide an optimal approach regarding the accuracy and
computational cost.

A. Nuclear blast simulation

The 3D fireball test case represents a 750 kT air burst deto-
nated in the planar centre and at the height of 4, = 2,840 m in
a domain of size 6x6x 13 km (Figure 1). The computational
domain is discretized using a cell size of 40 m. A symmetry
boundary condition is used to model the ground and a (non-
reflective) buffer layer is used for all other boundary surfaces.

The test problem is based on the superposition of heated gas
representing a fireball with a standard lapse atmosphere. The
only external body force is gravity, with the initial atmosphere
set up to be in static equilibrium under this force. It is assumed
that the ideal gas equation of state holds and that the specific
heat capacities are constant for all temperatures and densities

and are, therefore, calorically perfect. The lapse atmosphere
is used to model the atmospheric air properties as a function
of the altitude”':

T(h) =Ty —L,h
p() =po (%’f))
p(h) =po (%’))1

where h is the altitude, e, = g/(L,R;) is the exponential term,
the gravity is g = 9.81 m/s?, standard atmospheric conditions
are considered at sea level, i.e., Ty = 288.15 K, pp = 101,325
Pa, po = 1.225 kg/m?, specific gas constant R, = 287 J/kg-K,
and finally the lapse rate L, = 6.5 x 1073 K/m. The above
values are (strictly) valid up to an altitude of ~13 km.

Moreover, the body force term in Egs. (2) and (3) is zero
in all directions except the vertical (y-direction), which is ob-
tained according to f}, (1) = —dp(h)/dh to ensure hydrostatic
equilibrium.

An initial explosion fireball radius of R, = 80 m is used,
within which the internal energy of the air corresponds to the
strength of the explosion considered.

“

B. Blast wave properties

We calculated the flow conditions behind the blast wave for
the two overpressures, p,p, of 3 and 5 psi considered, using
the below procedure.

The static pressure after the blast shock-wave is p; = po +
Pop» Where pg = 101,325 Pa is the standard atmospheric am-
bient pressure at ground level. The Mach number of the shock
wave is obtained by:

’},_1 ')/+1Ps
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The velocity of the propagating shock wave and the density of
the air at the shock wave are given by:

u; =M/ Ypo/Po (6)
and
(y+ 1My
= 7
P =2 oM, @

The velocity of the shocked air, i.e., wind speed at the shock
wave, is given by:

usa:ux(lil/ps) ®

The pressure after the passage of the blast will gradually de-
cay over time until it eventually drops below the atmospheric
ambient pressure. The time interval from the initial pressure
peak to the first recovery (ambient value) is called the positive
shock duration (z;,). Various empirical relations have been
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developed to provide an estimate for the duration of the posi-
tive pressure of the blast pressure wave’”. Here, we employed
the following form”’:

144 = 0.0012VWVR 0)

where R is the distance from the center of a spherical charge in
meters (m), and W is the charge mass expressed in kilograms
(kg) of TNT. The resulting value of 7;, Eq. (9) is in units of
seconds. The radius (meters) of the blast wave is calculated
so that to give the target overpressure p,°":

R =10004/2W?/3/p,, (10)

From the various empirical relations in the literature, Egs. (9)—
(10) gave the best agreement to the simulation results of the
nuclear bomb air blast scenario considered.

The exponential decay phase of the blast wave pressure
front can be calculated using the modified Friedlander’s
equation: >0

(i) = (1 - L) exp (—“—’) Pop+po (1)
lav Iy

where the time, ¢, is measured from when the overpressure
peak occurs, and a is a constant controlling the decay rate.

The density behind the blast wave at ground level is ob-
tained using isentropic relations:

p(t) = () (12)
Po

Finally, the velocity of the air behind the shock is calculated
27.
as™’:

u(t) = uy,(1 — Br)exp(—ot) + aln(1+ i) (13)

where o and f3 are constants obtained from Dewey”’.

C. Rooms layout

Figure 2 shows the indoors arrangement considered in this
study. The floor plan is symmetric, with the centerline going
through the middle of the lower room, which permits the sim-
ulation of just half of the interior domain, thus reducing the
overall computational cost.

The dimensions of the rooms, corridor, windows, and doors
are given in Fig. 3. They are typical among residential build-
ings. For example, interior doors have 36x80 inches in width
and height. The windows and doors have the same width and
finish at the same height of 60 inches’®. This gives a surface
area of ~900 square inches, which is close to the minimum
net-clear opening area of 821 square inches (or 5.7 square
feet) set by the 2012 International Residential Code (IRC)*’
for an egress window in residential properties.

A symmetry boundary condition is used to model the walls
(slip wall), whereas all windows are set as outflow except from
which the blast wave enters (inflow). The computational do-
main is discretized using a cell size of 3 inches.

FIG. 2. Three-dimensional Illustration of the considered interior
floor plan; mirror symmetry is set in the lateral direction.
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FIG. 3. Detailed schematic of the considered room layout; all di-
mensions in meters; top: isometric view, middle: door dimensions,
bottom: window dimensions.
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The shock wave enters the interior through the window of
the front room (Fig. 2). According to Section § 111 B, at the
time of the peak overpressure, at the window inlet (t = 0),
the values of density and velocity are p ~ 1.4 kg/m® and
Uy, &~ 45.78 m/s for an overpressure of 3 psi, and p ~ 1.51
kg/m? and ug, & 72.77 m/s for an overpressure of 5 psi. The
pressure, density and inlet velocity gradually decrease over
time per Eqs. (11)—(13).

D. Wind force on human

The dynamic pressure is related to the mass airflow (gust)
generated by the passing pressure wave. For example, a very
high wind velocity can occur even at a slight overpressure.
Dynamic pressure is highly destructive and is one of the lead-
ing causes of destruction caused by a nuclear explosion. Apart
from the damage caused to buildings, the dynamic pressure
can also lead to severe human injuries and fatalities.

Given the known area (A) and coefficient of drag (C;) of
some objects, it is possible to calculate the resulting force
from the airflow. Here, we assume an average built person
standing upright with a drag coefficient of C; ~ 1.3 and a
height and frontal area of 1.76 m and ~Aj, = 0.65 m?, respec-
tively, giving C4A;, ~ 0.84; these values that are typical of an
average human adult”’. The force exerted by the wind is then
given by:

1
Emzzipu%aAh (14)

It is possible to estimate the force of the airspeed acting on
a standing person at each location in the interior (xz—plane)
using the computational results:

Cd Ly 52
Fs:7 pus|us|) dsdy (15)
y=0Js=s|

where s is a direction on the xz—plane. We considered
the directions defined by the unit vectors (1,0), (0,1),
(v/1/2,4/1/2), and (1/1/2,—+/1/2), e.g., the normal and
diagonal directions (Fig. 4 ); uy is the velocity in the s-
direction, and ds is the computational cell’s projected area on
the plane normal to said direction. Finally, L, = 1.76 m is the
average person’s height and Ly = A, /Ly, = |s| — 52| is the av-
erage width. The values of 51 are adjusted at each location
such that Ly = A, /L, always holds.

IV. DISCUSSION
A. Nuclear explosion scenario

We simulated a nuclear blast explosion of a 750 kT atomic
warhead. This detonation is a typical upper range value of
a multiple independently targetable reentry vehicle (MIRV),
such as, for example, the RS-28 Sarmat (Satan II)''. The
nuclear warhead detonation is set to occur at an altitude of
2.84 km above ground to maximize the distance over which
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FIG. 4. Illustration of the aerodynamic drag force as per Eq. (15).

the pressure behind the blast wave has an overpressure above
5 psi”, i.e., maximize the moderate to severe damage zone
(MDZ-SDZ) to buildings in a city’. An illustration of the ob-
tained explosion and resulting blast wave about 10 seconds af-
ter detonation is given in Fig. 1. The radius of the blast wave
at ground level is about 4.6 km, while its peak overpressure is
slightly over 7 psi.

According to Glasstone and Dolan', the fireball size at the
late stages of the explosion will be approximately twice that of
the fireball’s luminosity profile breakaway with time. The re-
lationship between the maximum fireball radius and the bomb
yield is thus given by:

R (2 x @ breakaway) ~ 220 W24 |

where R is the fireball radius in feet and W is the explosion
yield in kilotons TNT equivalent. For the nuclear explosion
yield considered here W = 750 kT, R ~ 3,108 feet or ~1.02
km. This value matches the maximum fireball radius compu-
tationally obtained when measured based on the atmospheric
air heated to temperatures at and above 5,000 K.

The evolution of the blast wave is shown in Fig. 5. The
upper-value limit (red color) corresponds to a maximum pres-
sure value of 138 kPa, resulting in an overpressure of slightly
over 5.3 psi. The results show the four stages of development
of the spherical blast wave. In the first stage, the shock front
forms as it separates from the rapid expansion of the air burst
itself. In the second stage, the fully formed shock front (“in-
cident” shock wave) travels towards the ground. Finally, a
reflected wave is produced in the third stage as the incident
shock wave reflects from the ground. For a smooth surface,
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the total reflected overpressure in the region near ground zero
will be more than twice the value of the peak overpressure of
the incident blast wave. Note that the reflected wave travels
through atmospheric air heated and compressed by the inci-
dent wave. As a result, the reflected wavefront moves faster
than the incident wave and, under certain conditions, over-
takes it so that the two wavefronts eventually merge to pro-
duce a single wavefront, called the “Mach stem”. In Fig. 5,
the Mach stem remains relatively small due to the explosion
parameters considered. The above results and analysis also
agree with the observations of Glasstone and Dolan'.

During the earlier time instants shown in Fig. 5, the pres-
sure behind the blast wave is significantly higher, as evidenced
by the saturation of the corresponding color (red). However,
even 5 km from the explosion epicentre, the overpressure re-
mains slightly above 5 psi (36.7 kPa). The thermal radiation
emitted from such a nuclear explosion would be sufficient to
cause third-degree burns (severe scarring or disablement, am-
putation) up to 10.7 km away’'. Moreover, since thermal ra-
diation travels at the speed of light, its effect would be felt
instantly and before the blast wave. Thus, the intense wind
speeds behind the blast wave would also intensify and spread
fires.

Typically, overpressures of 5 psi cause moderate blast dam-
age, e.g., most residential (timber) buildings collapse, injuries
are universal, and fatalities are widespread. On the other hand,
overpressures of 3 psi are estimated to lead to light and moder-
ate damages in cities’. Buildings are damaged between 2 and
5 psi, primarily due to the abrupt rise in the air velocity follow-
ing the blast shock wave impact (Fig. 6). Though such over-
pressures are not sufficiently high to harm humans directly,
despite the abrupt pressure rise, high-speed winds behind the
blast wave can injure humans and cause fatalities. At an over-
pressure of 1 psi, glass windows may be partially damaged.
At the overpressures of 3 and 5 psi considered here, most resi-
dential building windows will shutter instantly”, and the blast
wave is assumed to travel through the window unobstructed.
Most residential buildings will not structurally withstand the
wind speeds associated with higher overpressures and, thus,
are not within the scope of the present study.

B. Indoors hazard

We examined the effect of the airspeed entering through a
single window of an indicative indoor arrangement to estab-
lish the severity of danger to humans.

Within the MDZ, the high-wind speeds behind the blast
wave are one of the principal destruction mechanisms. The
effects of wind at different velocities are described below:

* 50 mph (22.35 m/s): raindrops begin to hurt; bending or
leaning forward is required to stay balanced; large trees
can be blown down.

* 70 mph (31.3 m/s): maximum wind speed most humans
can withstand without getting blown away; can blow
down some street signs and power lines; cars start rock-
ing and potentially flip.

¢ 100 mph (44.7 m/s): The force exerted by the wind on
a human is almost equivalent to the gravitational pull
of the earth, e.g., the equivalent of walking up a verti-
cal wall; unlikely not to be blown away unless grabbing
onto a firm object or hiding behind it; capable of mov-
ing most cars.

¢ 120+ mph (53.65 m/s), staying upright is no longer pos-
sible.

For indoor skydiving, wind tunnels are used to create arti-
ficial winds of 100-130 mph (~44.7-58.1 m/s) to keep a per-
son facing head-on (face down in this case) “afloat” in the air
against the pull of gravity.

Figure 7 shows the 3D contours of the maximum airspeed
attained. The highest speed is at the window and door of the
front room (room 1), where the blast wave enters the space
(Fig. 2). At an overpressure of 3 psi, the maximum internal
airspeed is slightly over 140 m/s, whereas at 5 psi, it is slightly
over 184 m/s. The short time over which the high-speed winds
occur does not allow sufficient time to take a protective stance,
e.g., lean forward, bend, lie flat on the floor, etc. Sustaining
wind speeds of 140 m/s for about one second would lift and
throw most humans off the ground.

The results show that the maximum indoor air velocities
are much higher compared to the airspeed entering through
the window, i.e., the blast wave peak wind velocities (out-
doors) are 46 and 73 m/s at 3 and 5 psi overpressures, re-
spectively, while the indoor peak velocities are 140 m/s and
184 m/s, respectively. The physical mechanism responsible
for the increased interior wind speed is the sudden expansion
of the shock through the front room window. The density of
the shocked air behind the blast wave is higher than the local
ambient value. Therefore, despite the shock’s expansion pro-
cess, the shock air density is around the ambient value. As a
result, the effect of the dynamic pressure at such wind speeds
indoors is comparable to the impact of the naturally occur-
ring high-speed winds outdoors. An essential difference is a
duration over which the high-speed wind will last. Nonethe-
less, despite the shorter time of the high-speed wind behind
the blast wave, the imparted force still remains substantial.

Moreover, high airspeed would accelerate flying debris
picked up by the blast wave outdoors and pieces from the shut-
tered window. Therefore, numerous high-speed projectiles
will impact the room as the blast wave develops after entering
the room. In black powder muskets, firearm muzzle velocities
range from approximately 120 m/s to 370 m/s. Therefore, any
solid debris travelling anywhere near such wind speeds has
the potential to cause severe injury or fatalities.

By applying the methodology of Section § IIID in con-
junction with the computational results, we can estimate the
maximum (aerodynamic) force exerted on an average weight
person, approximately 80 kg****, during the first 10 seconds
after the blast wave enters. This allows the creation of a sim-
ple map indicating which indoor areas are hazardous. We use
the gravitational force to normalize the wind force and plot
the contour surface of the normalized force in Fig. 4. Ar-
eas at which the force exerted equals that of the gravitational
force, F, = mg, are in yellow, indicating the potential hazard
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FIG. 5. Two-dimensional contour plots of the shock wave evolution following the 750 kT detonation of a nuclear warhead; x and y axes are the
ground distance and altitude in units of km; seconds after initial blast from left-to-right and top-to-bottom: 0.6, 2.8, 6.7, 12.0, 14.4, and 21.1.
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FIG. 6. Two-dimensional contour plots of the pressure and airspeed generated behind the shock wave ~ 12 seconds after the detonation of
a 750 kT nuclear warhead; x— and y— axis are the ground distance and altitude in units of km; skyscrapers depicted for reference are from
right-to-left the Chrysler building, the One World Trade Center, and the Burj Khalifa.
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FIG. 7. Contours of the maximum airspeed attained during the first 10 seconds after the blast wave enters the window; overpressure of (top) 3

psi, and (bottom) 5 psi.

of losing balance and falling over. Forces around F/F, ~ 0.5,
green-colored areas, would remain hazardous, particularly for
people weighing less than the average weight. Values of 5 and
above, red colored areas, would be extremely hazardous, with
values above 10 reflecting stronger than hurricane forces be-
ing exerted. Such regions practically guarantee that humans
would be violently pushed and thrown over. Most of the force
is applied in less than half a second (Fig. 9). Using the data
of Fig. 9, it is estimated that in the worst-case scenario and
for the overpressure of 3 psi, an average-weight person stand-

ing in the corridor could be pushed about 10 meters within less
than a second, excluding surface friction and any change in the
person’s stand within that time. In the front room (room 1),
the same person would be thrown about 9.5 meters; in room
2, over 2.2 meters; in room 3, around (approximately) 1.7 me-
ters. For an overpressure of 5 psi, and in the worst case sce-
nario, the average weight person could be thrown at a distance
of 21 meters in room 1, 8.5 meters in room 2, 3.3 meters in
room 3, and 20 meters in the corridor.

Due to the rooms’ dimensions, humans will not be ejected



FIG. 8. Contours of the maximum air force (as a multiple of the gravitational body force) applied to an average person during the first 10
seconds after the blast wave enters the window; results for overpressures of 3 psi and 5 psi are shown in the left and right plots, respectively.
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- _R°°'_" 3 accelerations involved, the experiments show that the human
|-||_J 12 — Corridor body can handle massive g-loads, but only when subjected to
) 0 them for a very short time.
%) e,
<< w
wi V. CONCLUSIONS
- 6
(=
4 We studied the impact of a nuclear blast corresponding to a
) 750 kT atomic warhead on humans indoors in a nuclear explo-
sion’s moderate damage zone (MDZ). MDZ is the area where

0 concrete buildings may not collapse. At distances featuring
0 01 02 03 04 05 06 07 08 09 1 ; L L .
Time (s) overpressures of 5 psi, severe injuries and fatalities will be
widespread, and damage to heavy structures will occur. At
FIG. 9. Plot of the maximum air force (as a multiple of the gravi- longe~r f:lisFances featuring an overpressure of 3‘ ps.i, severe hu-
tational body force) versus time applied to an average person during ~ man injuries and the destruction of smaller built-in structures
the first 10 seconds after the blast wave enters through the window; will occur.
overpressure of (top) 3 psi, and (bottom) 5 psi. The study revealed that the airspeed behind the blast wave
induces significant forces on humans indoors. The most po-
tent forces are experienced for a short period of up to half a
second. The airspeed behind the blast wave accelerates in-
doors to even higher velocities. This stems from the expan-
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sion of the shock waves entering the space through an open-
ing such as a window. Furthermore, channelling effects can
further accelerate the air in the corridors.

The force hitting a standing person indoors is equivalent
to several g—forces of body mass acceleration and could lift
a person off the ground and throw them to the walls. At an
overpressure of 3 psi, the acceleration can reach 80 g’s, while
at 5 psi, the acceleration exceeds 140 g’s. However, there are
areas inside the rooms where the airspeed and the associated
forces are reduced. The simulations provide colored maps of
the indoor areas where the risk of human injury is reduced.

Given the findings, the relevant authorities could issue in-
structions to prevent the nuclear blast from impacting humans
situated indoors from the exposure to high-speed winds be-
hind the incoming blast waves. Moreover, the results could
guide the future design of concrete structures.

DATA AVAILABILITY

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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