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GENERAL NOMENCLATURE

Barrier reduction factor for exterior walls.

The total ground contribution to a detector.

The overhead contribution to a detector.

The geometry factor for skyshine radiation

The geometry factor for direct radiation

The geometry factor for scatter radiation
Height of detector abﬁve the contaminated plane.
Length of a rectangular structure.

Length of an interior core area.

Megaton, explosive energy equivalent of one million tons of TNT
Protection factor

Reduction factors sum of all contributions.

Scatter fraction, fraction of wall emergent radiation that has been
scattered in the wall.

Width of a rectangular structure.

Width of an interior core area.

Mass thickness of an exterior wall.

Total overhead mass thickness.

Distance from the detector to an overhead plane of contamination.

Lower solid angle fraction defined by a segment of wall in elevation
below the detector plane.

.Upper sclid angle fraction, defined by a wall segment above the plane

of the cetector.
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CEAPTER I BACKGROUND

- INTRODUCTION

President John F. Kennedy in addressing the United Nations General
Assembly on September 25, 1961 stated, "Every man, woman, and child lives
under a nuclear sword of Damocles, hanging by the slenderest of threads,
capable of being cut at any moment by accident, miscalculation, or madmess”
(9)*. While we have learned that a nuclear war would be pure lunacy, it
is still an ever pfesent possibility. A nation can be provoked to the
point of lunacy when it becomes exasperated to the point where only violence
can relieve its frustrations. It is the business of governments to know
where this point of uncontrollable lunacy is, and ;tay well back from it.
Nuclear weapons are very efficient from the military point of view. Nuclear
weapons are very reliable, predictable in performance, can be delivered
to nearly any target anywhere in the world, and produce fire and blast
effects on unimaginable scales with the added bonus of radioactive fallout.
The problem of providing protection from thermal radiation and blast
destruction will be expensive and difficult to solve for above ground
structures. The area involved with thermal radiation and blast destruction
is small in comparison to the'area affected by fallout. Millions of people
will need only fallout protection which can be obtained at a relatively
low cost, thus it is the present practice to emphasize fallout radiation
shielding.

Procedures and standards for evaluating a fallout shelter's protection
have been developed (6). These procedures and standards can be used to

evaluate the fallout shelter potential of existing structures or structures

*Numerals in parentheses refer to items listed in Bibliography.



in the preliminary design stage and to mpdify both types of structures so
protection will be present. Every huiidingrprbvides some degree of protection
against fallout radiation, but some provide more protection than others.
Many existing buildings'have shelter even though a fallout shelter was not
considered in the design. Many buildings could have provided shelter
except that they contain weak points. If these weak points could have
been detected in the initial design phase, revisions of the initial desigﬁ
could be made thus providing protection without significantly exceeding
budget limitatioms. If is much cheaper to provide shelter in the pre-
liminary stage of design than to do so by modifying an existing building.
This report will deal with the general effects of nuclear weapons
and fallout, the basic concepts of structure shielding used in shelter
analysis, the quantitative evaluation of protection factors, and slanting

techniques.

GENERAL EFFECTS OF NUCLEAR WEAPONS

To help understand the general nature of the fallouf problem, some
background information is needed. Conventional and nuclear explosions
both deal with the sudden release of a large amount of energy in a limited
space, but the energy is produced in different ways. In a nuclear explosion,
energy is produced by the formation of differemt atomic nuclei resulting
from the redistribution of the protons Aﬁd neutrons within interacting
nuclei (6). In conventional explosions the energy is released all at
once as kinetic energy. In a nuclear explosion only 85% of the energy is
released in the form of kinetic energy. Of this 85%, 50Z is converted
into blast and shock and the remaining 35% is thermal radiation. The other

15Z will form nuclear radiation. Maximum temperatures in conventional



explosions are around 9000°F while in nuclear explosions the maximum
temperétures reach several million degrees Fahrenheit. The maximum
pressures in conventional explosions are several hundred atmospheres while
vin a nuclear explosion they reach a maximum of several huﬁdred thousand
atmospheres. The nuclear device may be detonated in the air at a high
altitude or relatively near the surface. Some of the general character-
istics of a surface burst nuclear explosion are the crater, fireball,
atomic cloud, air blast, and thermal and nuclear radiation.

The size of the crater depends on the weapons yield and the material
making up the soil. |

The fireball may be described as a roughly spherical, hot, luminous
mass of air, gaseous weapon, and vaporized debris.. The fireball would, as
seen by an observer 60 miles away, appear to be 30 times brighter than the
sun. If the fireball touches the earth's surface, many tons of vaporized
debris will be added to the fireball along with much debris sucked up by .
the afterwinds caused by the ascending heated air.

The atomic cloud is composed of solid particulaté matter, cooling
vaporized material, water, and debris sucked up by the afterwinds. The
stem that gives the mushroom shape to the atomic cloud is formed from the
debris sucke& up by the afterwinds.

The air blast may be described as a moving wall of compressed air
traveling at the speed of sound. The wall of compressed air may be thought
of as a wave of pressure. This wave of pressure is produced so suddenly
by the explosion that it is called a shock wave. "The increase in the air
pressure caused by the air compression in the shock wave is called the
air blast overpressure, or simply the overpressure. This is a descriptive
name because it is the pressure of the air over that associated with the

normal atmospheric pressure" (9). The overpressure acts in all directions,



from all sides, from the top, and even through the soil to some extent.
The pressure on the outside of a structure is increased very rapidly while
the inside pressure stays the same thus upsetting the pressure equilibrium.
A general inward-directed crushing effect on any structure above the ground
is produced to restore the pressure equilibrium. Peak overpressures are
of the magnitude of 200 to 300 psi close to the burst point and may be as
low as 1 or 2 psi several miles away. To help visualize the magnitude
of these pressures, a 1 psi pressure corresponds to 144 psf, 5 psi corre-
sponds to to 720 psf, 14 psi corresponds to a little more than 2000 psf
or 1 tsf, and 100 psi corresponds to 7 tsf. Very few private or public
buildings are designed for loads in excess of 100 psf. Added to the
problem of excessive loads is the fact that the overpressure is a dynamic
load. It follows that the air blast is responsible for a large part of
the total destruction created by the nuclear explosion.

The thermal radiation emitted from a nuclear explosion that is the
main hazard in producing skin burns, eye damage, and fires lasts generally
for several seconds and consists mostly of visible and infrared rays.
Thermal radiation travels in a straight line and is attenuated by opaque
material. When thermal radiation impinges upon an object, it may either
be reflected, partly absorbed, or part may pass completely through. The
portion that is absorbed is what causes the damage. For every kiloton of
weapon yield, there is released about 330 billion calories of thermal
radiation. To enhance the feeling of this, the potential for a first degree
buén extends to a distance of 15 miles, the potential for a second degree
burn would extend to about 1l miles, and fine grass, leaves, twigs have
the potential to be ignited for a distance of 10 miles from the point of

detonation of a weapon with a one megaton yield (6).



The magnitude and extent of the previously-described characteristics
depen& upon the yield of-the weapon. The weapons yield is expressed in
terms of the amount of TNT required to produce the same amount of energy.
A-l kiloton explosion ié equivalent, in energy released, to 1000 toms of
TNT. To show the direct effects of the weapon yield with respect to the
damage caused by blast and thermal energy, Figure 1 compares a 1 MT
(megaton), 5 MT, and 25 MT blast. It may be stated for practical purposes
that the reach of the blast and fire effects vary as the cube root of the
weapon yield. As can be seen from Figure 1, the chances for survival
improve markedly as one moves out from the area to total destructioﬁ. While
millions of people could survive the initial effects, namely blast and
thefmal, they would be exposed to lethal amounts of radiocactive fallout.

The last characteristic to be discussed is the nuclear radiaﬁion.

_The nuclear radiation from which shelters provide protection is called
residual radiation. Residual radiation is defined as that radiation
emitted later than one minute after the explosion. Gamma rays counstitute
the radioactivity that is associated with the residual radiation with which
we are interested. Gamma radiation is not visible and it can penetrate

all materials no matter how dense they are. The primary hazard from
residual radiation stems from the formation of fallout particles which
incorporate the radioactive elements. Fallout may be described as vaporized
material that has condeésed or debris on which minute radioactive particles
either are incorporated into the material, or th#t cling to the surface

of the material. The particles will become heavy enough to descend to
earth. The fallout may drift, sometimes many miles, from the point of
denotation settling on exposed surfaces. "Radioactivity is the spontaneous -

emission of energy from the bomb's unstable atoms which are carried by



the fallout debris" (7).

'Gﬁmma radiation can dﬁmage living tissue and cells. When a sufficient
number of cells are damaged a person may become ill. The body may be able
to repair the damage, but excessive exposure may result in death dus to an
excessive amount of damage to the tiséues of the body. No special clothing,
chemicals, or drugs can prevent large doses of radiation from causing
damage to the cells of the body. The only way to avoid illness or death
from gamma radiation is by shielding the body from it.

Ihere is no way of predicting in advance what locations in the country
would be affected by fallout in the event of a nuclear war. Distribution
of the fallout depends upon wind currents, weather conditions, height of the
atoﬁic cloud, and the quantity and size distribution of the fallout particles
to mention a few. "Even if targets, enemy intentions and offensive capabili-
_ties could be accurately predicted, the winds as of anj day on which a
potential attack might occur, could not be so predicted. Therefore,-we must

-plan on providing fallout protection everywhere" (1).



* CHAPTER II BASIC CONCEPTS OF SHELTER ANALYSIS AND
 STRUCTURE SHIELDING

It must be kept in mind that gamma radiation constitutes the sole
consideration with respect to radiation, involved in structure shielding.
A fallout shelter does not need to be a special type of building or an
underground bunker-type of structufe. It can be any space that will keep
dangerous amounts of radiation from reaching the peop%e inside the
structure. Protection from fallout may be achieved through the application
or existence of four basic form principles--barrier and geometry shielding,
distance, and time. Barrier shielding generally affords protection by
abaofption of the radiation. Geometry shielding is somewhat more difficult
to describe. Radiation reaching any given point in the building may have
;o pass through one or more of the following; exteribr walls, roof, floors,
apertures, and/or interior partitions. The positioning of these elemeﬁts
with respect to each other may be even more important than thHeir ability
to act individually as a barrier shield. The third of the basic form
principles is distance. The intensity of the radiation follows the inverse
square law as applied to a light source. Through the physical separation of
the fallout particles from the shelter, protection may be afforded through
diatance._ Figure 8 shows the dose contribution that a detector receives
vs. distance. The fourth-basic form principle, time, takes advantage of
the decay characteristic of the gamma radiation. The rate of emission of
radiation decreases rapidly following the detonation. With these basic
form principles in mind, the parameters used in the evaluation of structure

shielding will be discussed.



The qualitative evaluationrof thesg parameters is stressed in the
following material. Tables and charts have been'provide& to sﬁow, quanti-
tatively, the effect that each parametei has. It must be understood that
these numbers represent only the relative magnitude of‘change for the subject
structure only, due to the variation of the parameters, and are not intended
to be used as design criteria for the design or analysis of fallout shelters.
Each shelter must be looked at individually. The charts and tables are to
serve as an aid in understanding the qualitative evaluation of these
parameters.

As mentioned above, radiation exposure is reduced by the effects of
barrier shielding. Gamma radiation consists of streams of photons, packets
of energy without mass, that travel in a straight line from their source.
if a photon is incident upon a barrier, it may react in one of three ways.
The photon may not interact at all with the barrier and thus pass through
the barrier unaffected, in which case it is termed direct radiation. The
photon may interact with the barrier and lose all of its energy, in which
case it is termed absorbed radiation. Finally the photon may interact
with the barrier, but not be completely absorbed. Imn this case a new photon
with a lower energy will leave the barrier in a direction different from the
one of the emntering photon. The departing photon will be called scattered
radiation.

The standard detector and its location is another important concept.
The standard detector is used to evaluate the protection afforded by the
shelter by comparing the amount of radiation received at some location
within the shelter with respect t& that which would have been received
at that location if unprotected. "The standard reference location used in
shielding analysis is a detector which measures the amount of radiation

received from all directions and which is located 3 feet above a smooth



plane of infinite extent (in all directions) upon which fallout pérticles
(having. the average energy of the fission product at 1.12 hours after
geéﬁon detonation) are uniformly distributed." (6) This rgpreseﬁts a
radiation detecting instrument carried at about fﬁe midbody height in
monitoring operations. It is also at the height of therbody where the
gut and reproductive organs are located which are very sensitive to the
affects of radiatioem.

Barrier effectiveness depends, to a large part, on the parameter known.
as mass thickness. For all practical purposes in structural shielding,
mass thickness may be defined simply as the weight per unit of area of the
barrier. For example the specific weight of concrete is around 145 pef.
Using a slab with a 1 ft. square area which is 1 in. thick, the mass
thickness of this concrete is 12 psf.

Contributions of radiation emerging through ;he solid parts of the
walls, through the apertures, through the floors, and through the roof as -
measured by a standard detector are summed to yield a reduction factor.

The contributions received by an unprotected detector are calculable
quantities which can be normalized to unity. 'Lesser quantities of
radiation received at protected locations may then be related to the
standard and expressed as a decimalnfraction called a reduction factor." (6)
Therreciprocal of the reduction factor is the protection factor. A reductiag
factor of 0.10 corresponds to a protection factor of 10. Throughout the
following material the terms reduction factor and-protection factor will be
abbreviated using the symbols Ry and PF respectively. It must be kept

in mind that a PF or Rf does not give a direct indication of the fallout
radiation hazard. This is because the standard as defined does not consider
the intensity of radiation associated with the uniformly contaminated field.

A PF of 40 is used as a design criteria to provide adequate protection.
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QUALITATIVE EVALUATION OF STRUCTURE SHIELDING PARAMETERS

The following material will discuss froﬁ a qualitative pbint of view
how variations in certain parameters would probably affect the various
contributions, reduétion factor, and protection factor.

A one;story simple structure of the blockhouse tyﬁe wi;l be used to
help develop an understanding of the fallout shelﬁer shielding parameters.
This typical structure is assumed to be isolated on a horizontal planar
field that extends infinitely in all direction over which the radiocactive -
fallout particles are assumed to be uniformly distributed. Unless otharwise
stated, the structure is rectangular in plan, one story in height, the floor
is at grade, there is assumed to be no apertures, and the walls and roof
have uniform mass thickness, but not necessarily the same mass thickness.

It will be assumed that the detector is located centraily in plan and at

a height of 3 ft. above the floor (standard detector). Some of the physical
dimensions of the building are given in Figure 2. Physically the blockhouse
structure may be described by four parameters. In plan view the structure.
may be described by the dimensions of length and width. Length represented
by the symbol L, is the greater horizontzl dimension of the rectangular
structure. The width is represented by W. In elevation the structure may
also be described by the use of two dimensions. The symbol Z, represents the
vertical distance from a contaminated overhead plﬁne fo the detector. The
symbol H, represents the vertical distance from a contaminated ground plane
to the detector. In this case the sum of Z plus 3 feet will yield the
building height.

The detector will receive onlj radiation originating.from the contribu-
tions of the ground and overhead planes of contamination. The ground

contribution Cg, represents the céntributious to the detector originating
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from a plane or planes of contamination below a horizontal plane running
through the standard detector, or simply from the ground. The overhead
contribution consists only of the contributions received by the detector
frﬁm a contaminated roof plane or plénes of contamination above the dete;tor
plane. From a strict point of view, the detector sees‘the walls and roof
as radiating surfaces, thus we may speak of wall aﬁd roof contributions
instead of ground and overhead contributions.

A closer examination of the wall and roof contributioms is in order.
All wall contributions originate from the fallout particles on the
contaminated ground plane. The radiation comprising the wall contributions
is of three types: direct, scatter, and skyshine radiation. As discussed
earlier, direct radiation comes from the source to the detector without
any interaction with the wall. Direct radiation travels in a straight
line from the source through the wall to the detector, thus only that portion
of the wall below a horizontal plane running through the standard detector
may contribute direct radiation. Scatter radiation as discussed earlier is
that radilation that undergoes an interaction with the barrier producing a
photon of lower energy traveling in a different direction than that of the
oriéinal photon. Scatter radiation may reach the detector from the portions
. of the wall both above and below the plane of the detector.

Skyshine radiation is that radiatiomn originaﬁing'from the contaminated
ground or roof plane that has undergone a scattering interaction in the air
" above the plape of contamination which then proceeds directly to the detector.
The skyshipe contribution may be received through both portions of the
wall above and below the plane of the detector. ‘

Radiation passing through the wall that would ordinarily miss the
detector could scatter in the air of the structure, scatter off the ceiling,

or scatter off the opposite wall, but these secondary effects are usually
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minor and are generally neglected in the calculations. The radiation that
is absorbed in the barrier will not be detected. Ihe radiation comprising
the roof contribution is alsc composed of direct,-scatter,_and skyshine
radiation. Direct and scatter radiation forming the roof contribution
originates from the contaminated roof plane. The skyshine radiation may
originate from the contaminated ground or.roof plénes.

Considering the roof as a horizontal contaminated plane, most of the
radiation emerging from the underside surface of the roof reaches the
detector on straight lines lying wholly within an imaginary pyfamidal
volume formed by projecting lines from each corner of the roof plamne tc the
central detector. A figure showing this is provided on Chart 1A or the 0CD
Standard Method Charts provided in the Appendix. Shown at the apex of
the pyramid on the chart is a curved arrow representing a solid angle
fraction which will be identified by the character w. The parameters W,

L, and Z will define w. Knowing the ratios of altitude to length (Z/L)

and width to length (W/L) the solid angle may be found by using Chart 1A.
The solid angle fraction is a measure of the effect of geometry on detector
response. The effect of w on the detector's response may be visualized
through the use of an analegy. Consider the detector as an eye, the
contaminated plane as a window, and the gamma radiation as a source of
light. If Z were to remain constant, and the area of the window is increaseJ
by either increasing W, L. or both, it would stand to reason that the eye
would receive more light, or in our case, the detector would receive more
radiation. A corresponding decrease in ;rea would decrease the detectors
response. If the area were to remain constant and the window (plane of
contamination) were moved fﬁrther from the eye, there would be a decrease
in the eyes (detectors) response. It may be concluded that an increase of

Z with the area remaining constant would result in a decrease in detector
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response. Arn opposite change would result with a decrease in‘z.

In summary, a change in any of the three variables W, L, or Z would
;esult in a change of w. As w increases the detectors response will
increase and with a decrease in w the opposite will be true. Two-dimen-
sional sketches may be used to represent the above iﬁterpretation. A
two-dimensional sketch of this type is provide& in Figure 2. It should be
noted that there are two solid angles represented in this figure. The
difference between these two solid angles is the altitude Z used to determine
the corresponding solid angle. For w,, the upper solid angle, the distance
from the detector to the contaminated roof plane was used. For ut,'thé lower -
solid angle, the distance from the detector to the floor of the building
was used for Z,

From the preceding discussion and Figure 2, it can be seen that aﬁ and
'Eo'L do not consider the zones of the walls through which radiation emerges.
Even though mu is the solid angle fraction of the pyramidal volume with
respect to the roof and emergent wall radiation does not have to travel
through this volume to reach the detectors, the upper solid angle fraction
o may be used to interpret the effect of geometry on the response to
the detector through the shaded zone of the upper wall segments (that
portion of the wall above the horizontal plane through the detector). The
same holds true for the lower wall segment and Ei. The zcnes of contri-
bution for the upper and lower wall segments are shown in Figure 4.

The wall contribution and detector response may be visualized through
the same analogy as used for the roof. An increase in mu would result in a
decrease in the detector response with respect to the emergent wall radiation
from the upper wall segment. A decrease in 0 would result in a corresponding

increase in the detector response. Keeping W and L constant, an increase

of Z will decrease w and thus increase the detector respomnse with respect
u
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to the upper wall contribution. 7
From the preceeding discussion it has been shown that with a single

function w,, the detectors response with respect to the overhead and upper

u
wall segment contributions can be qualitatively interPretted. As uw,; Increases
the overhead contribution increases and the upper wall segments contribution
decreases. With a decrease of uy, the reverse is true. These remarks concerning
the solid angle fraction and upper wall segmenﬁs hold true also for @} and
the lower wall segments.

Another important parameter is mass thickness.. In general, as the mass
thickness of a barrier, between the source of radiation and the detectors,
is increased there should be a smaller contribution reaching the detector
through the barrier. This is usually true butrthere are some exceptions.
These exceptions involve low mass thicknesses. As discussed earlier, three
types of radiation are considered when radiation is incident upon walls.
Consider the structure in Figure 2. The upper wall segments receive only
scattered and skyshine radiation. If therupper wall mass thickness is
0 psf then the detector receives only skyshine and ceiling-shine radiation
from the upper wall segment. Since there is no mass thickness in the upper
wall segment, there can be no scattering of the radiation in the wall.
Without the scatter contribution, the total contributions received by the
detector will be lowered with a corresponding increa;e in the PF. As the mass
thickness is increased from ) psf to say 15 psf, the mass thickness will
produce more scattered radiation in relation to the radiation it attenuates.
In other.words, it is doing more harm than it is good. As the mass thickness
is increased beyond some break evén point, the mass thicgness will attenuate
more radiation and the amount that is scattered is reduced. An example of

this will be shown in the discussion of multistory buildings. Chart 5 in
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the Appendix shows the relationship of scatter. 'Sw(Xe) reptésents the scatter
fraction, which is the fracfion of the wall emergent radiation that.has been
scattered in the wall. The symbol inside the parenthesis means that the.
scatter fraction S, 1s a function of only X, the exterior wall mass thickness.
As can be seen on Chart 5, as the exterior wall mass thickness increases,
the scatter fraction 1udrea§es. This means that as the mass thickness increases,
there is more of a chance that the radiation will react with the materal of the
barrier and scatter. Referring to the relationship between the PF and Re
discussed earlier, it can be shown that if only the scatter fraction
increased the Ry would increase with a corresponding decrease in protection.
However, as thé mass thickness increases it will generally attenuate more
radiation than it will scatter.

Chart 6 shows that the exterior wall barrier factor Bg is a function
of the extericr wall mass thickness Xo and the detector height H. Chart 6
also shows that as the mass thickness is increased with a constant H, the -
exterior wall barrier factor will decrease. Chart 6 may be interpretated
as giving the percentage of the radiation that will not be attenuated by
the wall mass thickness through the barrier effect. In other words as
the mass thickness increases the exterior wall barrier factor will become
more significant than the scatter fraction and offset it.

With a general understanding of the effect that the mass thickness’
and the solid angle fraction has on the detector's response, the other
parameters which will be directly or indirectly related to mass thickness
and/or solid angle fraction will now be discussed. Some quantiéative values
will be used as an aid to understanding what happens when the parameters are
changed. |

The first parameter to be discussed is mass thickness with respect

to its effect on the overhead (roof) and ground (wall) contributions.
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Table 1 of the Appendix yields values for the overhead (C,) and ground (Cg)'
contributions for the blockhouse structure mentioned earlier by varying
only the roof and exterior wall ﬁass thicknesses. From this table it can
'be seen that as the overheadmass thickness X,1is increased, a reduction
in the overhead contribution C, is obtained. This can also be shown directly
by Chart 9 of the Appendix. The overhead contribﬁtion Co(Xy, wy) is a
function of the upper solid angle fraction and the overhead mass thickness.
This chart also shows that if the overhead mass thickness X, were to remain
constant and the solid angle decreased, the overhead contribution would be
smaller thus yielding a smaller Ry and a larger PF. The results from Table 1
show that even tﬁough the ground contribution can be reduced to very low
values, that protection is still not adequate due to the overhead contributions.
Similar results are shown for the case where the overhead contributiom is
greatly reduced, but the ground contribution eliminates the protection.

The next parameter to be discussed is the variation in the story
height. Keeping all the parameters as given in Figure 2 constant except Z-
will yield a different story height. It can be visualized that if Z is
increased the solid angle W, will decrease with é corresponding decrease
in the overhead contribution Co and a corresponding increase in the wall

g

For a decrease in Z the reverse is true. Values of Cg and C, are given in

Table 4 for the variation of the'parameter Z only. As can be seen from this

contribution C, resulting from an increased area in the upper wall segment.

table, when Z increases, the value of Co decreases and the value of Cg

increases. As shown in the table, the PF decreases with an increasing Z.
This is due to the fact that the increase in Cg overshadows the decrease in
Co. Care must be taken to avoid rash assumptions that with an increase in

Z the PF decreases. As a case in point, if the wall mass thickness were so

high that Cg; can be neglected, then as Z increases C, would decrease with
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the net result that the PF would increase. Thus it can be concluded that
the total effect of a change in the story height is qualitatively inconclu-
sive. Another important point is that the wall contribution of the lower
wall segment will remain constant when only Z is varied.

A closer look at the components of the ground contribution is in order.
As stated earlier, the upper and lower solid angle fractions define geometri-
cally the volume zones that the radiation must pass through upon emerging
from the exterior wall to reach the detector. The three components of the
ground contribution are direct, skyshine, and scatter radiation. Direct
radiation may reach the detector from only the lower wall segment of the
structure. Charts 3A and 3B show the direct geometry factor contribution,
Gd(E,wL). This factor is a functiop of the detector height and the lower
solid angle fraction. From the two figures it can be seen that if the
detector height remains constant and the solid angle fraction is increased,
the direct geometry factor contribution will decrease, thus reducing the Cé
and increasing the PF. If the solid angle fraction remains constant, the
direct geometry factor will decrease with an increase of the detectors
height. This will also lower the Rg and raise the PF. Further elaboration
oﬁ this will appear in the discussion of the parameters; W, L, and H.

The skyshine geometry factor G,(w,) is shown in Chart 2. The skyshine
radiation will be limited to the upper wall segment as shown in the figure
on the chart.

The scatter geometry factor G (W) must be accounted for in both the
upper and lower wall segments as shown in Chart 2. As the so;id angle
fraction increases, the geometry factors of GS(W) and Gaonu) will decrease

résulting in a decrease in the R¢ which will increase the PF. It should be

noted that Gy(wy), G5 (W), and G4(H,w;) are all geometry factors and depend
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only on the geometry of the structure and the location of the detector.

These are the wall contributioné that ﬁaye yet to be adjusted by the scatter
fraction,'barrier effect factor or the shapg factor. It can now be understood
why the direct contribution remained unchanged when only Z was changed. It
will also be shown how the unadjusted skyshine and scatter contribstions can
vary with a change in w.

The next parameters to be discussed are W and L. A change in either -
or both of the dimensions W or L will have a correspogding change in the
plan area of the structure. Keeping all other parameters constant, an
increase in either W, L, or both will result in an increase in wp and
Y . As @, increases, the overhead contribution Co(xo,mu) will increase,
but the upper and lower wall segments will contribute less. With a decrease
in either W, L, or both, the reverse will be true. As can be seen from the
@iscussion, one can interpret qualitatively the separate effect of a change
in the parameters W and L on the roof and wall contributions. As beforg,
the combined effect may be hard or impossible to interpret qualitatively.

Table 5 gives values for C, and C, for the bunkerhouse structure by varying

g
W and L by a factor of "X" which will range from ¥ to 3. From Table 5 it
can be seen that as W and L, or the plan arez, is increased the value of CO
increases while the value of Cg decreases. Again, rash assumptions should
be avoided due to some exceptional cases.

The effect of interiar partitions will be mentioned next. Interior
- partitions provide further protection through two ﬁeans, First, they furnish
an increase in the mass thickness between the source of radiation and the
detector. This is trﬁe for both the ground and a portion of the roof

contribution, Table 3 shows how the contributions and the protection factors

vary with a variation in the interior partitions mass thickness. The
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interior partitioné were placed half way between the detector and the exterior
walls. Table 3 shows that ég the interior partition mass thickness goes up
the ground and overhead contribution will both go down and the PF will go up.
The position of the interior partitiﬁn is alsc important. Due to the
position'of the partitions, the C, contribution is_divided into two parts
as shown by Figure 5. This shows the effect of interior partitions on
the radiatior that reaches the detector. The area designated by the letter
A represents the core area formed by the partitions in which the radiation
from this area is unaffected by the partition. The area designated Al
represents that radiation from the roof that is as yet ffected by the
interior partition. It can be seen that for this radiation to reach the
detector, it must pass through the interior partition which will further
reduce it. Any radiation incident upon the exterior wall must pass through
the interior partition to reach the detector. ' The areas designated C and E
represent that radiation incident upon the exterior wall that is yet unaffected
by the interior partitions. The areas designated D and F represent the
radiation that is eﬁergent from the exterior wall that has been further
attenuated by the interior partition. In summary, the general overall

effect of interior partitions is one of reducing both C, and C, with a

g
corresponding increase in the PF.

As can be seen from Figure 5, the wall contributions are only changed
by the added mass of the partitién and are independent of the partitions
location. The relationship between the core and peripheral areas formed
by the partitions is a very important factor in cutting dqwn the overhead
contribution to the detector. 1In ihe methodology, scatter radiation occurs
only in the exterior wall or roof regions. Even though there will be some

scattered radiation from the interior partition, it is incompletely under-

stood and is thus neglected by assuming that the partition will scatter as
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much radiation away from the detector as it will to ghe detector. Table 6
shows what happens when the interior partition dimensions are changed. W, and
Lc represent the width and length of the core area respectiyely. The area
was centered about the detector. The only parameters changed were W, and L.
As the area of the core is increased, the value of C, is increased as would
be expected. The location of the interior partition has no effect whatsoever
on the value of Cg as is shown. Chart 7 shows the attenuation factors
applied to interior partitioms.

Apertures as will be discussed throughout the following material
will represent windows, doors, skylights, or any opening in any wall or
overhead barrier. Throughout the following, the emphasis will be placed
only on openings in the exterior wall. It is assumed for discussion that
the mass thickness of these apertures is 0 psf. In reality they may be some
value around 5 psf or below. With such a low mass thickness the aperture
will have a negligible influence on the radiation incident upon them. For:
analysis, any mass thickness of the magnitude of 5 psf or less is considered
as an aperture and thus may be neglected.

Figure 6 shows the effect of apertures on a detectors response. Only
the radiation that is incident upon the exterior wall will be considered since
the overhead contribution is unaffected. Radiation that is incident upon
the aperture is unaffected since neither scattering nor attenuation of the
radiation can occur. The radiation that is incident upon the solid portion
of the exterior wall is scattered and/or absorbed by the mass thickness
of the exterior wall. 1In the case shown in Figure 6, the radiation emergent
from the exterior wall is designated by the letter B. Radiation incident upon
the aperature, in this case, is divided into two portions. The first portion
designated by A is composed of skyshine radiation only. The second portion

designated by C is composed of direct radiation.
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Thgre is another sourcé of radiation that the detéétor will receive
that gnters-through the aperture, ceiling shine. Ceiling shine is that
radiation that enters the aperture frbm the contaminated ground plane, strikes
the ceiling and is deflected to the detector. éenerally the ceiling shine’
contribution will be negligible, but there are some situations in which if
may be very important. In general the affect of ceiling shine is washed
out by the affects of scatter and direct radiation. When there is little
direct or scatter radiation the ceiling shine may become significant.
This is especially_true in buildings that contain many large windows. The
ceiling shine contribution is part of the total ground contribution and is
designated by G,. Values of Gc will be given in the tables for the aperture
calculations.

Three parameters deal specifically with apértures. These are the
sill height, perimeter ratio, and area of the window. The sill height of a
window is obtained by measuring the distance from the floor to the sili_of
the aperture. If the sill falls below the horizontal plane running through
the detector the aperature will allow direct radiation to enter the structuvre.
This is the case as shown in Figure 6. As the sill height is lowered below
3 feet there may be a pronounced adverse effect on the protection of the
structure due to the increase of the direct contribution. Table 8 shows the
affect that a variation in the sill height has on the structure. For these
calculations the area of the window was kept constant and the perimeter ratio
was set equal to unity. By keeping the perimeter %atio equal to unity and
the window area constant only the detector's response to the variation in
the sill height will be measured. It should be noted that, as shown in
Taﬁle 8, as the sill is dropped below 3 feet, the protection factor drops
very significantly due to the increase in Cg. It should also be noted tkat

as the sill height is raised from 0 to 5 feet, the ceiling shine contribution
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increases. In summary, sill heights below 3 feet generally have an adverse
effect ﬁn the structure.

The aperature area is also important from the standpoint that as
the aperture area increases, there will be a corresponding decrease in the
material of the wall with which the radiation may interact. Table 7 shawé
the result of varying the area of the apefture. The perimeter ratio was
set equal to unity and the sill height was sét equal to 3 feet. From Table 7
it can be seen that as the aperture area increases, the ceiling shine and
ground contribution both increase while the protection factor decreases;
In general, windows produce an adverse affect on the protection of a structure.
The exceptions to this were discussed earlier when it was stated that
exterior walls that have a small mass thickness will actually be more harmful
than if they had a mass thickness of 0 psf. |

The perimeter ratio may be defined as the fraction of the perimeter
of an aperture strip that is occupied by apertures. An aperture strip
is a strip running completely around the structure that has a’thickness
equal to the average height of the apertures. Thus a perimeter ratio equal
to unity means that a continuous aperture runs completely around the building.
As the perimeter ratio assumes some value less than 1, the aperture strip is
now composed of apertures along with the wall material separating the
apertures. Table 9 shows what effect the perimeter ratio has on the contri-
butions and protection factor of the building. In determining the values of
'Table 9, the window area and sill height were kept éonstant, with the area
equal to 200 square feet and the sill height equal to 3 feet. Table 9 shows

that as the perimeter ratio decreases the C, contribution decreases with

g

the resulting increase in the protection factor.

It can be seen that windows generally have an adverse affect on the
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protection of the structure with the area of_the windows, the number of
windows present, and the sill height being important factors.

Partially buried or completely buriéd sfructures provide improvement
in thé protection afforded by the structure.l The bottgm drawing in Figure 3
shows the structure depressed witﬁ respect to the plane of contaminationm.

If the detector were to remain 3 feet above the floor of the structure, the
detector will also be depressed with respect to the contaminated plane.

As the structure is.dep:essed into the ground, that portion of the exterior
wall buried will not yield any contribution to the detector. It can be
visualized that as the structure is depressed into the ground, the direct

and scatter contributions from the lower wall segment will be reduced.

When the structure is depressed 3 feet into the-gruund the lower wall

segment will not yield any contribution to the detector. As the structure

is further depressed into the ground the upper wall segment yielding scatter
and skyshine contributions will show a reduction in these cqnttihutions.

When the structure is completely buried, there will be no ground contribution
and the only radiation reaching the detector will be the overhead contribution.
As the structure is further depressed to the point where it is completely
buried and the roof is covered with earth, the protection will be increased
‘due to the added mass thickness provided by the depth to help attenuate

the overhead contribution.

The qualitative interpretation of the effect of burial, with all other
parameters remaining constant, is to increase the protection of the structure.
Table 2 compares the contributions and protection factors of the blockhouse
structure as the value of H is varied. The columns with the values of H
equal to -10, 0, 1.5 and 3 feet are of concern in this discussion. When
H is equal to -lO feet the structﬁre is completely buried. When H is equal

to 3 feet, the structure is not depressed at a2ll. As H decreases, the value
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of Cs becomes smaller until the building is completely depressed into the

ground where the value of C, becomes 0, It should be noted that as long as

g
the overhead mass thickness remains constant the overhead contribution will
remain constant independent of-wﬁat the value of H is.

As the detector is moved upward from the plane of contamination, less
radiation will be received from the source. The reason for this mzay not bg
evident at first. If two particles, on the infinite horizontal plane upon
which we assume the building to be, are considered aé!the only source of
radiation, then a2 line drawn from the source to the detector may be called
the direct path or slant distance from the source to the detector. It
can be shown that the further the particle of contamination is from the
deteﬁtor, the larger the slant distance between the source of radiation and
the detector becomes. It can also be shown that for particles further away,
horizontally, from the structure the magnitude of change in the slant distance
is smaller for a given change in H. It may be recalled that radiatioﬁ_
generated in the fallout particles on the contaminated plane must travel
through the air in order to reach the detector. The greater the distance
through the air that the photons must travel, the greater the barrier effect
“of the air due to the mass thickness of the air itself. Also since the
intensity of radiation follows the inverse square law of light, the distance
between the source and the detector becomes very important. An increaserin
B will create an effective increase in the mass thickness of the barrier due
to the increase in the slant distance through the Sarrier material of the
structure. This is more significant for close-in particles.

The upper sketch-in Figure 3 shows the structure elevated above the
ﬁ@dne of contamination. No contribution will reach the detector through the
floor. Skyshine radiation in the upper wall segment will remain unaffected

by the variation in H. Scatter radiation in both the upper and lower wall

caemante will rhanos snme. FRlevatine the detector does not eliminate any
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particle from the consideration of it being scattered. However, by increasing
the siant distance we have increased both the distance through the air
and barrier material that the radiatidu will travel and thus allowed for
more interaction of the radiation between either the air or the barrier
or both. The portion of the wall below the detector provides direct radiation
which will also be affected by elevating the structure. In the top drawing
of Figure 3 it can be seen that if the lines from the detector to the floor
corners were extended to the contaminated ground plane, that a portion of
the close-in fallout will not be seen by the detector and thus can not yield
any direct radiation. This fallout can yield only scatter and skyshine
radiation. In effect the plane of contamination was moved away from the
building when considering the direct contribution. By increasing the
slant distance that the direct radiation may be.initiated from, there ﬁill be
a reduction in the direct contribution for the same reasons mentioned earlier.
This reduction in the direct contribution is a very important factor |
in that upper story locations in multistory buildings often afford excellent
protection. It should be obvious that the overhead contribution is unchanged
with an increase in the detector height since Z remained unchanged. Table 2
shows how the contributions and the protection factors change by increasing
H above the contaminated plane. The columns containing the values of H
equal to 3, 6, 10, and 100 feet are used for the elevated structure.
It can be seen that as H increases the ground contribution decreases with
a corresponding increase in the protection factor.

Mutual shielding may occur when either another building or some
structure is adjacent to the building under consideration and will block off
aoﬁe radiation by acting as a barrier. Thus adjacent buildings may effectively
reduce the amount of radiation reaching the detector. Depending on how

close and how tall the adjacent structure is to the one being studied; some
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skyshine may also be eliminated. When a E;ilding is surrounded by other
buildings of some size, the contribution tﬁrough the walls of the building
in question is essentially limited to radiation from those particles

on the streets, alleys, and open spaces between the buildings. Im othef
words the other structures have limited the field of ground contamination
which will affect the structure. Radiation originating from other ground
sources is effectively blocked off by the other buildings. Stone walls
or retaining walls can also produce this limited field effect. Thus
mutual shielding may prove to be very effective in reducing the wall
cont;ibutions. "Mutual shielding is an important parameter in shielding
calculations and, in part, accounts for the fact that large numbers of
shelter spaces having acceptable factors are located in aboveground
positions in many buildings." (6)

Multistory buildings will be discussed next. With the basic under-
standing of the single story blockhouse structure and the qualitative
interpretations made with respect'to the parameters involved, only a few
simple extensions need be applied to understand a multistory building. From
Figure 7 it can be visualized that for any radiation to reach the detector
from the contaminated roof, it must travel through the roof and the inter-
vening floors to reach the detector. The mass thickness of the intervening
floors will aid that of the roof in attenuating the radiation. Also as’
explained previously the further away the roof plane of contaminétion is
from the detector, the smaller the contribution it will yield to the
detector. Thus, as one goes down through the building the overhead contri-
bution will decrease due to a decrease in the solid angle fraction for the
roof and the increase in mass thickness added by each intervening floor

between the detector and the contaminated roof plane.
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The reduction in the ground contribution will be for the same reasonms
as were applied to the single story structure when the detector height
above the contaminated ground piane was.incfeased. |

There are some other reason# for the reduction in_the ground
contribution that are unique to the multisto;y structure. The skyshine
contribution through the exterior walls of the detector story is no different
than that for the single story structure, but the skyshine radiation that
enters the structure above or below the detector story must pass through the
interveniné floors and possibly some interior partitions to reach the
detector. Thus the skyshine radiation entering the structure much above
or below the detector story will be completely eliminated.

The scatter radiation reaching the detector undergoes the same affect
that the skyshine does. In the methodology used to analyze the structure,
only the wall contributions from the floor above and below the detector
story are considered. Since the radiation from the story above or below
the detector may enter the detector story only by passing through the
ceiling or the floor of the detector story, an attenuation factor is applied
to the entering radiation to account of the attenuating properties of the
ceiling and the floor. Chart 8A and 8B show these attenuating factors
for the ceiling and the floor.

Four multistory structures were analyzed to show the effects discussed
above. Table 10 shows the results of the analysis. All of the multistory
structures were 10 stories high and had a basement. The story heights
were 13 feet, giving the over-all building height of 130 feet. The plan
dimensions were 100 feet by 100 féet. The roof mass thickness was set
at 10 psf with the floor mass thickness set at 50 psf. The multistory
building was then analyzed as if it were placed on an infiﬁite horizontal

plane by itself. The exterior wall mass thickness of the structures A, B,
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C, and D are 80, 20, 0, and 20 psf réspectively. As can be seen from the
results for the four structures, the overhead contribution decreased
going down through the building while the ground contribution increased
except for the basement area as would be expected. It should also be noted
that as one goes up through the structure the PF values increase up to

a point and then start to decrease again. This is explained by the fact
that at or near the top of the structure the majority of the Rf is made
up of the overhead contribution while at the bottom the major contribution
is from the ground. As you go through the structure, the magnitudes of
the overhead and ground contributions change until at some location in

the midregion of the structure the summation of the overhead and ground
contributions is a minimum.

It is important to note the difference between the ground contribution
and the protection factor for structures B and C. Even though structure C
has no exterior wall mass thickness to attenuate the ground contribution, ’
it still has low groumnd contributions and high protection factors for
levels 3 through 10. This shows the effect that a light mass thickness
wall has on scatter.

Structure D is somewhat different from the others in that interior
partitions were placed in it. The interior partitions were located half
way between the exterior wall and the detector. They were given a mass
thickness of 42 psf which would correspond to a lightweight holiow concrete
block. The total mass thickness of the extsrior wall and interior partition
together is 62 psf which is lighter than the exterior wall used for
structure A. Comparing structure A with structure D we see that the
iﬁterior partitions made a pronounced difference. As explained in the

section on interior partitions the overhead and ground contributions were
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both reduced.

Thére are many problems associated with trying to describe in simple
terms the parameters involved in shelter shielding for fallout radiation.
So many of the parameters are interrelated with one or another that the
tétal overall effect on the structure that a change in one parameter would
be difficult or impossible to judge qualitatively. Also as pointed out
through the report there are many exceptions or special cases for each
rule. -It is emphasized here that each structure must be analyzed individually.
The preceding material presents only the most common parameters that are
considered. Understanding these basic paraﬁeters and generally what
effect they have on the protection provided by the shelter should aid the
designer if he wants to comsider providing fallout shelter in a structure.
After the designer makes his preliminary design keeping in mind the
parameters involved, he should then submit the design to be analyzed
quanitatively by a qualified shelter analyst to determine the location.?f

existing shelter or what could be done to provide shelter in the structure.

SLANTING AND SLANTING TECHNIQUES

Existing buildings, or buildings in the preliminary design stage
may contain weak points with respect to providing shelter from fallout.
.When the structure is analyzed quantitatively the weak points will show
up aqd can thus be specifically identified. If the structure is to
include shelter, the structure must be slanted. The basic function of
slanting is to increase the protective characteristics of a designated
or possible shelter area in the building without creating a significant
increase in the cost, or without sacrificing the esthetics, function, or
efficiency of the structure. If one fully understands and recognizes the
various parameters that influence protection factors, then throﬁgh the

judicial application of three of the basic form principles namely distance,
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geometry shielding, and barrier shielding, the weak points may be correcte
thus providing protection.

Quantitatively, slanting requires a detailed evaluation of the contri
butions involved in the total reduction factor in order that the analyst
may observe to what extent each contribution influences the degree of
protection. As stressed earlier, each building has its own individual
characteristics with respect to the radiation shielding parameters to be

considered. In the Office of Civil Defense publication Shelter Désign and

Analysis-——Fallout Radiation Shielding, several items for consideration

in slanting are suggested. As stated in the publication, this list is

by no means complete nor are the items listed applicable to all structures
If shelter is to be provided, these items may aid tlie designer throughout
all phases of the design of the structure. Some of these items are listed
below.

(1) A building can often be located on a site so as to achieve
maximum benefit of mutual shielding from adjacent buildings.

(2) Topography of such a nature that the earth slopes down away
from the building can materiallﬁ reduce the direct contribution
through the walls. This may be a natural feature of the site
or a consideration in the grading plan.

(3) In grading of the site, earth berms artificially produced and
attr#ctively designed can provide a very effective element of
field limitation and increased protection.

{4) Walls as low as 3 feet high for first story (floor at grade)
shelter areas, can serve effectively in limiting the contributing
field of contamination. These could be screen walls, retaining

walls or planter bhoxes.
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(5) Where it is not appropriate to depress a potential shelter
| area completely below ground, consideration may be given to a
pgrtial depression of the first floor. This eliminates the
contribution through the depressed portion of the wall while
still allowing the normal amount of light and ventilation.

(6) Planters, immediately adjacent to the exterior walls, up to
detector height in first story shelter locations could add
enough mass thickness to reduce the contribution from below
the detector plane to negligible quantities.

(7) Raising of sill heights to at least detector level aids
materially in reducing direct radiation contributions.

(8) Modern lighting systems are such as to eliminate the necessity
for wide expanses of glass as light sources. Conéideratiou
should be given to reducing window areas as much as possible.

(9) In aboveground shelter locatioms, interior corridors often
offer good potential for shelter areas, but this potential is
often nullified by entranceways permitting direct entry of
ground radiation. In many instances, doorways can be positiomed
off corridor ends to eliminate direct entry, or baffels can
be used to provide barriers at the corridor ends.

(10) Comsideration should be given to the use of dense solid walls,
both exterior and interior.

(11) Where walls or partitions are constructed of hollow masonry
units, increased mass thickness can be obtained by filling the
voids with sand, gravel or grout at little additional cost.

_l(12) Interior partitions can be judiciously placed to block direct

entry of radiation into a shelter area.
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(14)

(15)

(16)

a7

(18)
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Openings in rartitions and exterior walls should be studied
from the viewpoint of staggering them so as to avoid direct
penetration of radiation into ﬁ sheltef afe# without the benefit
of barrier reductiom.

The arrangement of buildiqg elementg-can be such as to obtain
maximum advantage in forming a protected core area.

Protection afforded by protective core areas can be materially
enhanced by more massive construction in partitions, floors
and roofs than that of other portions of the building.

Due consideration should be given to the more massive types

or structural systems for floors, walls and roofs. Cost
differentials between such systems and lighter forms of con-
struction are often negligible, but the more massive system
obviously provides greater protection. |

In interior corridors of aboveground buildings, protection
can be enhanced by using a more massive type of floor or roof
construction directly overhead.

Stairwells can be positioned to provide additional barrier

shielding at corridor ends.
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CHAPTER III SUMMARY AND CONCLUSION

As has been stated in the introductioﬁ, to utilize structural
designs that would afford méss protectioﬁ against initial radiation,
thermal radiation, and Blast effects would be an economic impracticability.
Thus it is the present practice to design the shelters to'protect the
occupants only from the gammarradiatiog produced from fallout. The
location and accessibility of these shelters is a very important point
to consider. Shelters in the central business district of large cities
are of little use to those people in the suburbs since they may not be
easily accessible. Thus, there is a need to put the shelters where the
people are. Dual-purpose shelter space in such buildings as new schools
ﬁhich tend to be centered in the neighborhood population areas which would

be more readily accessible to the population. In the publication Shelter

Design and Analysis--Fallout Radiation Shielding mentioned earlier, it

was poiﬁted out that engineers and architects should recognize that, for
increasing numbers of clients, the fallout shelter has become still another
functional design requirement and that the designer must understand and

be aware of the principles involved in shelter shielding. Techniques

in building design that provide protection against radiation may yield
other benefits., Substantial materials although having, generally, a
higher capital cost than lighter'materials may pay dividends in the long
run in the form of being easier tormaintain, need not be replaced as often
if ever, may provide for lower insurance cost, and may also counteract
noise pollution. For protection t& be most effective and economical,

it must be considered in the early design stage by de;igners and analysts

that are knowledgable in shelter shielding.
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Fig. 2 SINGLE-STORY BLOCKHOUSE
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Fig. 4 ZONE OF CONTRIBUTION FOR THE UPPER AND LOWER WALL SEGMENTS
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Fig. 7

MULTISTORY EUILDING
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Fig. 8 DOSE CONTRIBUTION vs. DISTANCE
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TABLE 2

Protection Factors and Contributions, Varying H

44

Detector Height
(fc.) =10 0 1.5 3 6 10 100
C° .0043 | .0043 | .0043 |.0043 |.0043 | .0043 | .0043
Contributions
& Protection Cg 0.0 - |.034 .047 .057 .049 .042 .015
Factors
PF 232.6 |26.3 19.5 16.3 18.8 21.6 21.8
TABLE 3
Protection Factors and Contributions, Varying Xy
"Interior Partition
Mass Thickness (psf) 0 10 30 90 150
Co .0043 .0040 .0038 .0036 .0035
Contributions .
& Protection Cg .057 .045 .027 .007 .002
Factors
PF 16.3 20.6 32.5 95.2 188.7
TABLE 4
Protection Factors and Contributions, Varying Z
Distance From The Detector
To An Overhead Plane Of 8 10 15 20
[Contamination (ft.)
Co .0045 .0043 .0038 .0036
|[Contributions
& Protection Cg .053 .057 .062 .065
Factors .
’ PF 17.4 16.3 15.2 14.5




Protection Factor and Contributions, Varying W & L

TABLE 5
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| Factor For Distances W & L
X(W) & X(L) where X is: ] 1 -2 3
Co .0035 .0043 .0047 .0048
Contributions
& Protection Cg .079 057 .035 .025
Factors
PF 12.1 16.3 25.2 33.6
TABLE 6
Protection Factors and Contributions, Varying W, & L,
! Factor For Distances W¢ & Lo
X(W) & X(L) where X is: 1/4 172 3/4
Co .0027 .0038 .0041
Contributions
& Protection Cs .0274 .0274 0274
Factors
PF 33.2 32.5 31.7

TABLE 7

Protection Factors and Contributions, Varying Aperture Area

Aperture Area (ft.2) 200 600 1200 2000
Cy .0043 .0043 .0043 .0043
Contributions
& Protection Cg 0627 .0731 .0850 .0990
Factors
c, .0009 .0021 .0050 .0110
PF 14.9 12.9 11.2 9.7
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TABLE 8

Protection Factors and Contributions, Varying the Sill Height

Si11 Height (ft.) ' 0 2 3 5
Co .0043 . 0043 .0043 .0043
Contributions ) ’
& Protection Cg .5102 .3118 .0850 .0953
Factors .
Ge _.0032 .0047 .0050 .0099
PF 1.9 3.2 . 3Lla2 10.5
TABLE 9

Protection Factors and Contributions, Vary the Perimeter Ratio

Perimeter Ratio Py 1 .67 .33 .2
Co .0043 .0043 .0043 .0043
Contributions
& Protection Cg .0824 .0679 .0664 .0655
Factors
Ge - .0014 .0014 .0016 .0022
PF 11.5 13.9 14.1 14.3
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TABLE 10

Multistory S;ructure Calculations

Structure: * A B C D

Contributions &
Protection Factors

Level
C, .2382 .2382 .2382 .1928
10 Cg .0111 .0328 .0237 .0088
PP & . 4 4 5
Co .0414 .0414 .0414 .0312
9 c .0119 .0353 .0256 .0094
pf 19 13 15 25
Co .0091 .0091 .0091 .0091
8 c .0150 .0438 .0329 .0117
p 41 19 24 55
Co .0025 .0025 .0025 .0016
7 Ce .0163 L0472 .0361 .0126
PF 53 20 26 70
Co .0006 .0006 .  .0006 .0004
6 Cg .0179 .0520 .0410 .0139
PF 54 19 24 70
Co .0002 .0002 .0002 .0001
5 Cg .0200 .0580 .0475 .0156
PF 50 17 21 64
Co .0000 .0000 .0000 .0000
4 o .0226 .0662 .0571 .0177
P 44 15 18 56
Co .0000 .00C0 .0000 .0000
3 p .0265 .0803 .0763 .0215
pf 38 12 13 47
. e .0000 .0000 .0000 .0000
2 p .0334 .1070 .1200 .0287
P 30 9 8 35
c, .0000 .0000 .0000 .0000
1 co .0534 .2040 .3037 .0546
PF 19 5 3 18
Co .0000 .0000 .0000 .0000
Bsmt C .0016 .0039 .0020 .0011
pE 627 256 505 951

* Description of structure in material on multistory buildings.
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ABSTRACT

The object of this repbrt is to describe the basic concepts of
structure shielding from fallout radiation. The concepts discussed in the
report may be broadly grouped into four basic form principles--barrier
and geometry shielding, distance, time, and the parameters involved witﬁ
each. Objective and knpwledgeable desigﬁs, with regard to providing fallout
shelter space, may be developed which will not impose prohibitive additiongl
construction costs, alter the efficiency or function of the structure,
and will not detract from the esthetics of the site or structure. This
report includes a discussion of the meaning and importance of the basic
parameters and illustrates how they may be employed in the shielding

analysis for a given structure.



