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PREFACE

The authority for this investigation is contained in Project
8-07-10-420 (formerly 8-07-06-105 and 8-07-06-005), “Fleld Fortifi-
cations and Obstacles,” and in a letter, ENGNF, Chief of Engineers
to Commanding Officer, Enginecer Research and Developwent Labora-

. tories, £2 Aprii 1955, subject, "Integration of Navy Project
NY 340 032 - AW Protective Shelters." Copies of the project card
and letter are included as Appendix A to this report.
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This investigation was conducted by E. P. Leland, Project Engl-

H noer, under the supervision of R, M. Flynn, Chief, Fortifications
% Section, Demolitions and Fortifications Branch.

;,!

; A glossary of terms relating to the subject matter 1s included
: on page 103.
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. SIMMARY”

This report covers an investigation into the design of emer-
geney, i. e., improvised or hasty-type, personnel shelters. Existing
data "were «compiled,’aid the current state of emergency shelter de-
sign was analyzed with particular emphasis on protection against
nuclear weapons. This investigation was initiated to develop data
covering a field in which there was & definite lack of information.
It was partially funded by the U. 8. Navy Bureau of Yards and Docks
vhich desired information in the field of emergency shelters.

The data incorporated intc the report were extracted, para-
phrased, or condensed from reviewed publications or were obtained
from current research into the subject of field fortifications.
The field of investigation was broken down as follows: weapons
effeets, shelter design components, and types of shelters.

This report concludes that:

a, Weapons effects data are available in sufficient detafl

for general design purposes subjJeet to the limitations set forth in
the following conclusions.

b. Acceptable limits for exposure of personnei to the vari-
ous weapons effects remain to be established.

¢. The design of cover support or framework is not a precise
process because of insufficient data on the effect of earth cover
on blast forces and insufficient data on the design of structurea
against dynamic loads.

4, The design of revetment is not a precise process because

of insufficient data on the transmission of shock waves through
soil.

2., Shelter entrances are quite vulunerable and therefore im-
portant. Their design merits carefur attention.

. There is a need for additional data on minimum essential

ventilation vequired Yor shelters where extended stay times are
involved.

g. Optimum protection is obtained when the ghelter is placed
wholly below the ground surface..

h., The attenuatlon of nuclear radistion, except for ncutrons,
18 sufficiently understood for dealgn purposes. Additional data are
necessary before attenuation of neutrons can be accurately computed.
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1. The design of shelters for fallout prof«c“on presents nx
problems except for the aforementioned nted for additional veatila-
tion data. _ 4
. - The covered-trench shelter is ths optimum {yp: of shel
when costu ; construction time, and yrotection are unaidzmd if
soil conditions are not prohibitive. _
kX, When special’ shelter designs are necesss.ry ‘aec&use of -
weepons effects or soil condition, the wholly or pa.rtiaﬂy buried
shelters are preferred. -
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- EMERGENCY PERSONNEL SHELNERS (0)

I. INTRODUCTION

l. Subject. This is the final report covering an investiga-
tion into the design of emergency personnel shelters, Existing
literature periaining to emergency shelters and weapons c¥fects was .
revieved, information on design and pérformance was compiled, and
the current state of emergency shelier design with particular eme
phasis on protection against nuclear weapons was analyzed.

€. Background and Previous Imvestigation. This investiga-
tion was initiated as a result of a conference at Office Chief of
Engineers between representatives of OCE, U, 8. Army Engineer Re-
search and Development Laboratories, and U. S. Navy Bureau of Yards
and Docks. BuDocks desired that USAERDL collate informstion on
emergency personnel shelters. Future planning at USAERDL included
an ianvestigation into improvised personnel shelter design. It was
deaided thet Demolitione and Fortificallcens Branch cf USAERTL would
begin s project on emergency shelters which would be partially
funded by thce BuDocks of the Ravy. A desceription of this confere
ence along with a request for a project plan is contained in a lete-
ter, ENGNF, OCE to ERDL, 22 December 1954, subject, "Egergency
Shelters -- Suggested Joint Army-Navy Action." The prdposed plan
of the project 1s contained in & lst Indorsemsnt, TECRD MO, ZKDL to
OCE, 17 Japuary 1955, same subject. Copice of the latter and in-
dorsement appear in Appendix B,

Two semi-annual resorts were submitted previgusly. These |
consisted of preliminacy data on veapons effects and.design ori-

teria to be considered and bidliographies of all reviewed
publicatlions. '

II. INVESTIGATION

3. Procedure. During the investigation; publications were
reviewed and extracte of pertinent material were made. The publica-
tions revieved vere obtained from the Technical Reference Library
and the Technical Documents Center of USAERDL and The Enginees
8chool Library. Through the foregoing sources, publications were

also obtained from the Library of Congress and the Armed Services
Technical Idnformation Agency.

The data incorporated into this section of the report
have been extracted, paraphrased, or condensed from the reviewed
publicatlors. In addition, deta avaiiable frum research currently
baing conducted on fleld fortifications have beea fncorporated into
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-the report. Many of the publications were classified for security .-

pwrposes. To facilitate dissemination of tke information contained
Herein, secuvriiy classifications in the report are identified by
individusl paragraphs. Abbreviations designating the particular
securit;” classification are placed at the beginning and end of each
pa.ragranh containing classified information. A bibliography of
publications reviewed and considered pertizent to this investiga-:
tion 1s inelvded at the end of the report (page 95). Specific
sources of information incorporated into this report are cited by a
mrbered reference which refers to the corresponding number in a
1ist of references also included at the end of the report {page 91).
References are listed in numerical order according to the order in
which the reference is first cited. Statements male in referenced

. paragrephs are the cpinions and conelusions of the author of the

referencnd document and are not to be construed as being necessar-
1ly those of the author oi‘ this report.

4, Weapons Effects. At the present time, there are four
weapons agalnst which a shelter should protect. These are high ex-
pleaive (4. E.), nuclear, chemical, and blological weapons. These ‘
weapons have many individual eftects which must be handled separate-
1y in shelter design. The individual effects of each weapon vill be
consldered in the succeeding paragraphs.

a. H, B, Weayons. The effects of H. B, shelle and bombs
van be sepa.ra d into two components as followe:

(1) Blest. Blast 13 the major effect of an H. E.
explosion. On detomation, the explosive charge of a shell or
bomb “8 converted into a gas uf very high pressure and tempers
ature. The shock front .ormed by expansion of the gas propa-
gates with . velocity which {8 initially much higher then that
of sound; aftor a distance, the velanity decreascs rapidly
toward sound velodity as th2 pressure becomes smaller. This
loss in velocity is generally much more mpid than the slowing
dovm uf tne pombd frogments; thercfore, the shock front fnllovs
behind the movement of fragments, The blast vave initially
consists of two phauscs, poritive and negative. The positive
phase of high prasiure and ghort duratfor is immedlately fol-

lowed by the negative or “suction" pl.ee of less intensity and
longer duration {1).

Previous experience fu the design of sheiters,
except for structures of strategic importsuce, hes indicated
that it is boih unnecessary and unsconomical to provide dob-
1esistant protection: The protect . ° necessary wa~ considerasd
to be defepse agalnst blast and fragwents of a vomb of specis
f4avd size detonating at a nomiial d's.ance. An economical de
gree of protection bas been establiched on the basis of a 500-1b,

- mewemen o
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(2) Fragmentation. Fragmentation of the bomb or
shell case causes thousands of sharp-edged fragments to be
projected radially in &ll directions from the detonation at

, velocities of from 4000 to 7000 ft per second. These frag-
. ments will cause considerable structural damage in the immedi-
ate vicinity of the explosion and can cause fatalities up to
. several hdred yards., Maximum fragmentation results from
. bombs detonating in eir; fragmentation is much reduced for
- borbs detanating a few feet underground. Air resistance to
irregular shapes of fragments causes velocity of the fragments
to decrease rapidly as distance increases (1). .

e
‘e

i" {.‘ «l

In many cases, the type and strategic importance
of a structure, its small size, or its distance from a larger
or more ixportant structure make it both unnecessary and une
economical to provide boub-resistant protection for the per-
sonnel in the stri :ture. In such cases, consideration is only

--given to the lateral and overhead protection of personnel,
. equipment, and structural elements sgainst blast and splinters
3 of a boxdh of specified size detonating at a nominal dietance
3 from a protective structure. An economical degree of protec-
tion has in the past been generally establighed on the basis of
~ & 500-1b, GP bomd detonating at & distance of 25 ft. The
thicknesses of material resulting from this criterion permit
good construction prastice and maximum structural stability
vith minimygs materials (1),
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. Nuclenr Weapons. The major problems in the design
of improviced shelters stem fiom the effrats of atomic or nuclear
wveapons. These effects are considered individuslly in the succeed-
ing parsgraphs.

{1) Blast. An atomic axplosion attuins very high
temperstures causing complete vaporization of the products of
explosion. Very hot gaces are initially formed at very high
pressures. Recduction of these high pressures is attained by
expansion of the hot gases which initistes a prescure wave in

X

o

oy o ——

" iy g e b —

N W . the surrcwnding medium. This pressure wave is the so~called
NN blast or shock vave. One important characteristic of this
X e : blast vave 18 the ghock front. %ne shock front is formed by
oo : successive pressure waves following the initial one. Ths oucs
.y D cessive vaves move through & region of higher temperature, and
XY . : since velocity of the wave increases with temperature, they
o e eventually catch up with the initial wave and form the shook
KR & front. The chock wave is the principal cause of property dam.
,::f N 5 age. The easential features of a shook wave are an abrupt rise
.“:- N :
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of pressure, followed by a gralually decreacing pressure, snd
then a suction phase characterized by a decrease of pressure
below atmospheric. Another important characteristic of blast
wvaves 1s wind drag. The blast wave from an atomic explosion
is accompanied by an intense wind that blows throughout the
positive and negative phases, reversing its direction at the
start of the negative phase. In the case of blast waves of
long duration, these winds produce a force on the structure
for a relatively long time after the shock front has passed,

From obgervations made with conventional H..E.
bonbs, it appeared that peak overpressures of ebout 200 to 300
psi would be necessary to cause death in human beings by the
direct effect of blast and that perhaps 8 psi would produce
injury. However, these conclusions do not apply to the situas
tion accomparying a nuclear explosion. In addition to thse
peak blast overpressure, the rate of rise of pressure and the
duration of the positive phase bave important mtluence (2).

The air blast overpressure required to ca.uee .
rupture of eardrums appeaxrs to be highly depeadent on circum-

stances. §everal gbservations indicate the minimum overprea-

sure 1s in the range from 10 to 15 91, but both lover and
higher values have been reported (2 A

' Peak overpressures of various Mtemi'%ies as
.related to distance from ground zero below a typleal air burat
for various size nuclear weapons are given in Tadle I.-

Table I. Distances from Ground Zero (Hﬂee) for
Various Peak Ovorpressures (2)

Peak Overpressure (pai)

3 |

Weapon 10 15 20 25 20 QO
1 KT G.235 0.142 0.098 0.072 0.056 0.036 0.026
10 KT 0.50T 0.308 0.212 0.155 0.1 0.080 0.058
25 KT 0.686 0.6 0.286 0.220 0.164 0.208 0.079
50 KT 0.865 0.924 0.35% 0.265 0.206 0.136 0.099
100 KT 1.09 0,66  0.b5% 0,338 0.2360 0.172 0.12%
1Mt 2.35 L2 09T O0.72 0.6 0.36 0.26
10 NT 5.07 3.08 2.2 1.%% 121 080 0.58
100 WP 10.90 6.60 h.54 3.3 2.60 172 1.2%

-

EOTB: These are typical air bursts.

# These distances are extrapolated,

-
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Drag (or wind) pressure can csuse tranalatfon of -
the body as a whole. The resulting injury will depend on many ..
. e circumstances; the most obvious of these are the speed at

1 » vhich tke body moves, its acceleration and deceleration, the
- ' object it strikes, end the part of the body recziving impact.
Al 4 : The translational force, which determines the rate of movement,
L ' vill be greatly influenced by the frontal surface of the body
kT - . exposed to the blast wind. A person lying in & prone position
A vil%, )for example, be much less affected than a person standing
up (2).

AL L YN PV
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Drag force is generally dependent on the peak
value of dynamic pressure and its duration. -5ome indication
, . of the corresponding values of peak overpressure, peak dynamic
pressure, and maximum blast wind velocities in air at gea
3 level are given in Table II. Dynamic pressure is seen to de-
crease more rapidly than does overpressure (2).

N i bl s

Gealuin

FA S

s

- o Table II. Overpressure, Dypvamic Pregssure, and Wind Velocity
8 A in Aiy at 82a level

. ' Peak Overpressure Peak Dynamic Pressure Maximum Wind Velocity
3 psi psi mph

3 S 72
- 50

.- : 30
§° oW 3 : €0

SR A

1170
90 .
610
W70
290
160

10

_
a

oomm'&‘-gg

i 3 m
» - 5
2

Duration of blast wvaves from nucleay weapons in
the megaton range will be several seccnds. It 1 possible
. that drag forces from megaton veapons may cause damage in ex-
cess of that which wvould be caused by comparable overpressures
Trom spall yield weapons; e. g., a drag-type structure may be
equally damaged by a 20-MP'\veapor at an overpressure level ap-
proximately 50 percent of that of & 20-KT weapon (3).

Personnel can be injured in tvo vays by blast,
directly or indirectly. Direct injury is due t0 the charac-
teristics of the wave itgelf acting on the human body. In-
direct injury is due to forelgn objects encountering the body.
Design of & personnel clielter against blast presents two probe
lens, providing sufficient strength in the shelter to prevent
collapse and preventing the entrance of a blast vave of suffi.
clent intensity to cause injury to personuel.
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(c) Allowsble blast pressures-within shelfars '
depend on the characteristics of the blast wave. These in-
clude such items as peak overpressure, duration of positive
phase, and rate cf prepsure rise. Experience previous to the .
atomic bomd indicated that the human body was capable of with-
standing over 200 psi of static overpressure without fatality;
however, durations were not considered, Tests conducted on
dogs showed a fatality pressurve of 216 psi for 1.6 milliseconds
of static overpressure duration, but for 11.8 milliseconds, the
fatal pressure was only 76 psi. After the first atomic explo-
sion, one source (4) suggested a fatal overpressure of 35 pei
for humans. Further tests have indicated that this figure
could be considerably lower (5). The same source mentions the
provlem of reflection within the shelter proper which gives an
effect of multiple pulses of the blast pressure wave with an
increased total duration., Within the shelter proper, another
problenm to be considered is the effects of winds that possess
a translational force and are capable of causing indirect dam-
age. Body damage is not only related to pressure characteris-
tics but also to the geometry of the shelter (5). (C) _

(C) As previously pointed out, the rate of
pressure rise is one of the significant paramaters. Table III
sets forth a tentative statement of conditioas -for step-vise '

preaaure loadings within shelters (5). (C)

Table III. BStep-Wise Pressure Loadinge
vithin a Shelter (Teutative) (C)

Maximal Incremental Average Rate of Rise of
Pressgure Rige Incremental Pressure
(psi) {pat/maec)
Safe ¢S5 €0.30 _
Questionable 5-10 0.30 - 0.%
Damaging : »10 ' 20.50

D —

The above table ignores the maximum pressure and the time bve-
tveen succecelive pulsea., This same source (5) vrings out four
items to be coneidered in the design of open sholters against
blast. These are (a) pressure differential applied and how

this varics vith time, (b) air-metering characteristics of the
entry nystem, (c) internsl volume of the phelter, and {d) acous.
tic characteristics of the interior of the sghelter. The entry
vay controls, by throttling, the rate of filling of the shelter.
QOther things being constant, the larger the shelter volume and
the more restricted the entry way, the lower and slowver will be
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the incremental rises in internal pressure, Acoustic proper= .
. L ties of the ghelter will affect quality of the reflections
from the interior surfaces (5). (C)

Cenerally speaking, there are two types of mili-

tary structwes., These are the diffraction-type and drag-type.
. The diffrasztion-type is a structure which is almost completely

closed with a blast-resistant covering. The drag-type is a

structure which is essentially open or which has light, non-
. blast-resistant covering. There are structures that fall be-
tween these two extremes, e. g., ones that are partiaily open
or have partially resistant covering. A vehicle and a steel
bridge are examples of drag-type structures vhile a windowless
warehouse is an example of a diffraction-type structure, A
buiiding with openings greater than 50 percent of the wall area
is considered to be a drag-type building, while a building with
operings less than 5 percent of the wall area is a diffraction-
type building. A persounel shelter, blast entry being under ir-
able, should be a diffraction-type structure., Since dlast
enters a drag-type building, it i3 sublect to vind drag and 4s
greatly affected by duration of the blast wave, For a diffrac-
tion-type building, the critical blast factor is peak over-
pressure (6). ’ :

. : {2) Thermal. An atomic explosion attains very high
temperatures, emitiing a large amount of thermal energy capa-
ble of burning personnel and corbustible materisls. Thermal
rays have a long effective range and are emitted very fast.
Protection against them is not difficult because they travel
in straight lines. The unit of measurement of thermal radia- .
tion is the total cnergy in calories dellivered to an area of
1 square centimeter., The primaxy defense against themmal rays

. is avoidance of direct exposure of personnel or combustible
material. Penetration of thermal rays is very low; for this
reason, protective layers can be quite thin (b).

The lethal minimm smount of thermal rudistion
is not defined exnctly. One source (h) gives a muderate-burn
intensity of 3 cal/em® and & slight burn intensity of 2 cal/cm?,
Another source (7) gives three renges of thermal intensity as
follows: severe damage, 10 cal/em?; moderate damage, $ cal/cn?;
light demage, 2 calfem®., The preceding degrees of damage refer
to troops in the open. A third source (8) gives damage inten-
sities as followe: 2-3 calfen® for first-degree burns, 3-b calfcn®

. for second-degres burns, 8-10 cal/cn2 for third-degree burns.,
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At one time, it was thought the amount of ther-
. : mal radiation received por unit area of exposed material at a
specified distance from a nuclear explosion depesnded markedly
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on atmospheric visibility. It appears that within vide limits,
however, such is not the case. The reason for this - at first
unexpected - effect is that the thermal radiation received at a
given point at a distance from a nuclear explosion is made up
of both straight-line (unscattered) and scattered raiiation.
If the air is clear, the radiation received is essentially only
that which has been transmitted directly from the exploding
“bonb without scattering. If the air is lightly hazy, the
amount of radiation transmitted directly will be less than in
a clear atmosphere, However, this decrease is largely compen-
sated by an increase in scattered radiation. It should be
noted that this general couclusion will apply only if the at-
mosphere 1s reasonably clear, 1. e., in the absence of rain,
fog, or dense industrial haze (2).

A shield which merely intervenes betiween a given
target and the ball of fire but does not surround the target
may not be entirely effective under hazy atmospheric conditions.
A large proportion of the thermal radiation received, especlally .
st considerable distances from the explosion, bhas undergone
scattering and will arrive from all directions, not merely from
the point of burst. This situation should be borne in mind in
counection with the problem of thermal radiation shielding (2).

Burme, irrespective of their cause, ere general.
ly ciassified according to their severity in terms of the de-
gree (or depth) of the injury. In first-degree burna, of which
moderate sunburn is an example, thexe ie only redness of the
skin. Becond-degree burns are deeper and more severe and sre
characisrized by the formation of blisters. In third-de
bwnaas, the full thickness of the gkin 1s destroyed (2).

The thermal energy naceéeary to cause bums of
various types varies with the total energy yield. A comparison
of necessary energles is contained in Toble IV (2).

Table IV. Approximate Thermal Energies Required to Causs
Skin Burne in Air or Surface Buret (2)

Total Energy _ Thermal Energy {(cal/sq es:) v
Yield . First Degres Second Degree Third Degree
1 KT 2 ' 5 6
100 KT 54 )
10 WY 3 S | ‘ 1n
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Thermal energies of various Intensfties, ss re.
Iated to distance from explosion for various size nuclear wveap-
o ons are given in Table V.

Table V. Slant Range (Miles) from Explosion for
Various Bowb and Thermal Energies (2)

. Weapon ~ Thermal Energles (cal/sq om)
2 | 6 10 25 50 100 1000 10,000

. 1XT 0.68 0.51 o.k2 0.33 0.23 0.6 0.11 0.03 -
, I0KT 1.9 147 1.20 0.93 0.60 0.5 0.33 0.11 0.03
25K 3.0 2.3 1.7 1.5 0.93 0.68 0.51 0.17 0.05
N SOKr 41 30 2.6 1.9 1.3 0.93 0.68 0.2% 0.07
N g 100X 5.6 L1 3.4 2.7 1.7 1.3 0.93 0.33 0.1
N 1M 16,5 1.5 9.7 T.6 5.0 3.6 2.T 0.93 0.33
y ] 3 0M - - 3 23 ik 11 7.6 2.7 0.93
[1 | oM - - - - - - 23 7.6 2.7
£ % : ' HOTE: Visibility of 2 to 50 miles air burst.

- 3 3 Protection against thermal radiation requires

' non-direct exposure; hovever, thermal rays can be reflected
S and still cause damege. -The quantity reflected depends gn the:

reflecting material.

2 LIA
o T A

7 25 :‘;If.'.fy Ty

. ; It has been estimated that reflection as high
N : 88 10 to 15 percent 4s possidble (9). Oun that bLasis, generally,
[ tvo reflectiona are considered sufficient to reduce the thexrmal
& . " g ‘ rays to a negligidble quantity (10). A Britisch source (11) re-
SN ¢ yorts negligidle reflection of thermal rays by soil. Reflection

ry
®

of thermal rays by Nevada sond has Been reported as low; move-
over, it 1is congidered possible that the small amount of thermal

| ! energy ueagured was not reflected thermal radiation but instead
b vas heated alr (12).
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During a test on a Federal Civil Defense Admini-
stration (FCDA) shelter located at close range, peculiar ther«
zal effects were reported. The ghelter possessed an entrance
containing two right-angle turns, but thermal effects vere obe
served within the shelter prover. The fur of experimental ani-
nals plaged in the ghelter was ginged. Animals in cages vhich
vere barely larger than the animals themselves vere singed pos=

- sibly because the fur projected between the bars of the cages.
Other animals in larger cages were not singed vhen there was no
fur projection between the bara. It wvas believed that the

. singeing was causcd by heated eir. (ooling of the heated air
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by contact with the bars of the cages vas the explanation for
+the non-singeing of fur in the larger cages. This indicates:
that even though thermal radiation may be reduced to a pegli-
gible quantity by successive reflections, personnel may be in-
Jured by heated air in open shelt.era \135
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(3) Gamma Rays. Gamma rays are one of the maaor
emissions of nuclear weapons. The energy of gamma rays from .
Y an atomic bomdb varies. Attenuation of gamma rays varies with
. ’ their energy. The average energy of gamma rays from a 20-KT
- ' bomd &t distances greater than 3,000 ﬁ; is about 3 Mev- (b).

S The average energy of gamma radiation from a
e . nuclear explosion is 4.5 Mev. The effects of varying intensi-
- ties of acute radiation doses are contained in Table VI (2).

Table VI. Effects of Prompt “hole-Bo&v
Gamma Radiation Doses (2)

Prompt Dose (r) Probable Effect

0 % 50 No obvious effect, excnpt Possidble minor blood
. changes. -

50 to 375 Some oickuess in persomnel, varying from 1 per- '
cent for 50r to 100 percent for 3J{5x.

F R e

R 200 to 750 Some deaths in personnel, varying from 1 per-
R cent for 200r to 100 pergent fox T50r.

225 Fifty percent of perconnel are sick.

h50 Fifty percent of personnsl die,

s g

NOiZ: Prompt doses are delivered in & matter of minutes as dis-
tinguished {rom fallout which may be dellvered over ssversl

days.

l Camma rays are attenuated with depth into mata.
rials, The amount of attenuaticon veries approximately with
paterial density. Haterlals such as earth, coucrete, and metal
are very effective in attenuating garmma rays.

The delivery time of immediate gamna radistion
in the range of a 20-KT veapon is very short. Bince 50 percent
of the dose 45 delivered vithin the firot 0.5 second and 90 por-
cent within the t'irst second, there 1s very little time for

5, -
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F , oo d %;; - personnel to seek shelier from gamma radiation immediately
E“. . s after the explosion. T
E - ¢ The delivery time of immediate gamma radiation
; . E in the megaton range of atomiec weapoas is considersbly longer.
S £ A 5-MT weapon delivers 50 percent of the dose within the first
A x::’ 5 seconds and 90 percent within the first 10 seconds (2).
N " L ]
X B Seeking protection against gamma rays after the
N '§ explosion of this size weapon is a distinct possibility. Gamma
, B radiation is a very important effect of weapons in the kiloton
> X ) range; however, recent data indicate that gamus rays from a
e g megaton weapon are a problem only where blast pressures and
- e thermal energies sre already very high.
g :'.:: E Ganma radiation of various intensities, as re-
& lated to distance from explosion for various size nuclear veap-
AW 3 ous are given in Table VII,
o 3 { Table VII. Slant Range (Miles) from Explosion for
b i Various Bomb Yields and Casma Ray Doses (2) - -
§ AN _ E Veapon Gamma Ray Doses (r) N
¥ o X s 100 300 1000 3000 10,000 100, 000
k.o ¥ 1 K 0.50  0h2  0.32 -:-0.23 038 10.08
4 ‘10K 0.83 0.0  0.55 0.3 .. 0.3 0.6
: N : a5 KT 0.95 080  0.65 0.52 - 040 0.22
3 N ! 50 KT .06 0.92 0.6 0.2 _ 0.g 0.28
N b 100 KT 1.22  1.05 0.88 074 0.59 0.35
F . N 4 1 M0 1.71 1.57 1.38 1.2 108 0.7%
k- ¥ ; 10 T 2.5% 2.28 2.00 1.80 1.60 1.23
. i )
.; ) .!‘: ? -
v : j - {4) HNeutrons. Neutrone axe opne of the major emig-
K . :' . ‘ sions of atomia weapons., They are meazured over various energy
_ sz t regions. The unit of measurement {5 the number of neutrons per .
B TR : square centimeter. According to one source (%), the cvergy
b % A : range of neutrons can be broken down into three fields for
2 2 measwement., The first of these, the so-called “"fast™ neutyons,
) % ¥ have energies in excess of 3 Mev. The energy range of the go-
. X 3 called “glov” neutrons 16 somevhat uncertain, tut 1t 1s proba-
" ble that it s around 0.2 ev. The energy range of the intere
) . mediate range group is from sbout 0.2 ev to 3 Nev (4).

The accepted unlt of messurement of the lnten-
sity of ncutyone io the "roentgen equivalent mamzal™ or rem.
One rem of wmeutrons is cquivalent in VHiologlcal effect 10 cpe
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" yuentgen of gamma radiation. Therefore, the intensity of neu-
trons for shelter design purposes is measured in rems. Neutron
radiation of various intensities, as related to distance from
explosion for various size nuclear weapons are given in Table
VIII (2). Comparison of this table with Table VII shows that
for weapons of 10 KT or less, the neutron intensity is greater
than the gamma intensity and at distances where there are high
intensities, the neutron guaantity is greater for 100 KT or less.

Table VIII, Slant Range (Miles) from Explosion .
for Various Bomdb Yields and Keutron Doses

Neutron Doses (rem)
300 1000 3000 10,000 100,000

0308*
0.225
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*Estimted dlstance by extrapolation. -

B ! The number of neutrons generally accepted as
g . lethal 1a 5 x 1011 per square centimeter for slow neutrons and
£ 104 for fast neutrons. Lethality of peutrons varies directly
E 3 : vith their energy. For the Hiroshims or nomiual bomb (20 KT),
: there are approximately 10 timeo se many alov neutrons as fast
: neutrons. For this reason, even though the fast neutrons ave
.. wore lethal individually, slov neutrons are the more important
hazard.  An additional item of differouce between clov end fant
noutrons relatee to soattering. Fast neutrons are essentially
directionsl, 8lov neutrons follow erratic couraes and, there-
fore, complicate the design prohlew reganding openings.

KRR T,

S —— o

Tho problem of shielding against neubtrens is not

{ easily solved. Water or any other material containing hydrogen
: is very effective in sloving down neutrons. To increace effec-
tiveness of water, dlsgolvable borax may be alded. Soil may
also be made more effective by addition of borax., Concrete,
: vhich contains a large amount of hydrogen {in the fom of vater),

i another cffective ghlelding mterial., These golutions are

of little value for ¢cxmergency shelters, but this problem will

be covercd further in the section on attenuation factors.
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. Barly data (4) on the effective range of neu- .
trons led to the conelusion that neutrons did not present an
additional hazard when protection was provided sgains% ather
effects. This would not hold true against shelters designed
for close-in protecvicn. ’

{¢) ilater dsta (14) states that for a thin
ghell borb suck as the atomic artillery shell, over the rauge
of biological interest for gamma radiation (200-1000r), the
blological effectiveness of neutrons appears to equal that of
gamma rays. ‘With a greater attenuaticn problem for neutrons
than for gamma rays, this device may make protection against
neutrons the more critical design problem. (C)

Tests in Nevada show that attenuation of neu-
{rons passing through earth was less dependent on the slant
thickness than it was on the minimum thickness of earth over
the shelter. Chemical composition of cover material is the
most significant factor con2rning neutron shielding (15).

(5) Alpha Particles. One of the immediate emissions
of an atomic explosion is the alpha particle. An alpha parti-
¢le has a very small effective range, a few inches only, and
.is dangerous :2 personnel ¢oly when it 1s inhaled or ingested.

As far as immediate effects of an atomic explosion are concerned,
the alphs _article is not considered a design problem (k).

(6) Beta Particles. One of the immediate emissions
of su atomic explosion is the beta particle. A beta particle
has a very short effective range, a few feet only, and is
dangerous to perconnel only when it is in contact with the
skin or when it is inhaled or ingested. As far as immediate
effects of an atomic explosion &re concerned, the beta particle
18 not considered a design problum (4). Fallout is another
metter; beta particles are significant in connection with
fallout. ;

(7) Fallout. Fellout ic the effect of the secondary
phase of a nuclear explosion. Radioactive particles from a nu~
clear explosion are carried asuft by the force of explosion.
These particles settle to the ground at suwch a slow rate nor-
mally that most of their radioectivity has disaipated before
tney fall to earth., However, if the ssme particles dbecome at-
tached to soil particles drawn up into the radicactive cloud
or if radiocactivity is induced into the soil particles by neu-~
trons, the phenomenon known as fallout occurs. The contamisatad
soil particles are considerably heavier than the radloactive
particles and setile .o the ground more rapidly. These goil
particles can be borne great distances by winds and still be
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highly radfoactive. When they eventually setile, they are
st11l capable of contominating sn area for days, even weeks.
This long contamination period requires an extensive shelter
duration time plus mesns of preventmg entry of fa.llout parti-
cles into the shelter,

tme source (16) of particular interest states
that a perscn standing iv an open field, uniformly contaminated
with fallout, receives %) percent of his radiation from the
fallout whick is over 2% feet away from him. From this state-
ment, it appears that one can obtain greeter than 50-percent
protection against fallout by grotting below the ground swrface.

Fullout caorsistn mostly of two effects, gamma
rays and beta particles. 7The gamma ray is the main problem in
fallout. The energy of the fallout gamma ray is lower than the
energy of the prompt gamma and, therefore, is protected against

" more =asily. The average energy for gamma rays from fallout is

0.7 Mav Q7).

The alpha particle is another effect of fallout;

bhovever, its properties are similar to the beta particle and

are of lesser danger. Protection against beta particles is
more than sufficient for protection against alpha particles.

(C) Duwring Operation CASTIE (18, 19), some
people were subjected to unexpected gamma and beta fall ut.
Beta fallout wans dengerous only on the skin and when inhal-d
or ingested. The inhaled amount was small because most of the
particles were stopped at the nostrils or ‘n the mouth., How-
ever, the amount ingestid was of importance because of contami-
nated particles swallowed diregtly and becauge of contaminated
food and drink. Bxposed skin was dansged by "bheta burn® which
1s a combination of beta particles and low energy, 1 to 100 kev,
gamma reys. There was no skin burn under clothing except where
the radicactive material was carried by perspiration or bvody
wotion under a collar or cuff., Skin durn occurred only vhen
the particles come into direct contact with the skin. The
vhole body dose of gamma radistion from particles distributed
on the ground, trees, and builldings was approximately 200r in
this particular instance, It was stated (19) that for well
clothed personnel in a fallout field, the gamma doge will be
the critical effect in determining the time of entry into, or
period of exposure within, such ag area. The clothing in this
case, evenl a single layer of cotton, provided almost complete
protection against "beta burn.” S

¢. Chemical Warfare Agents. The prodlem that "gas war-

fare" presents 1s not casily solved especially in emergency or
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fmprovised shelters. Complete protection sgainst choking gases,
womiting gases, and some of the blood gases. can be obtained through’
the protective gas mask. However, blister gases, nerve gasee, and
some blocd gases not only require the protective mask but also ye~
quire protective ctothing because they are harmful to skin or are
capable of entering the body through the skin and causing fatalities.
The only other protectlon against these gases is a closed shelter
with filtered ventilation, preferably with a positive interior pres-
sure, Mechanical ventilation is not considered in the design of
these emergency shelters; however, some protection can be provided
by sealing entrances and vents, This limited protection will bve
brought out in the section on entrance design (20).

d. Biological Warfare Agents. The problem that "germ
warfare" presents is not easily solved, especially in emergency or
improvised shelters. Tue protection necesssry consists of complete
sealing of the shelter from any exterior contamination. It would be
preferable to bave the-interlor air pressure greater than atmoepherie,
The limited protection afforded by sealing will ve brought out in the
section on entrance design,(20).

. 5. Shelter Design Componengt;s. The term "ewmergency sheltex"
as used throughout this report is defined as a sheiter sapable of
being erected swiftly with commonly available means and materisls,

. i. e., an improvised personmel shelter. The components to be con-
sidered in the design of emergency pursonnel shelters are discussed
belov,

a, Earth Cover. Earth cover is one of the most readily
avallable, cheapest, and valusble protective materials for shelters.,

Damage to structures is less gevere when they avre
covered by even a small amount of earth (21).

The many advantages of setting the top of earth cover
at natural grade far outweigh additional costs (22).

In designs of field defenses for an atomic war, ver-
tical faces projecting above ground level should be avoided. If it
1o impossible to keep everything flush with the ground, then the
face of everything above ground level must be sloped off to an angle
of less than 35 degrecs from horizontal.

The regime of forces applied to the surface of an
- earth-covercd structure is extremely complex, both from point to
point over the awrface of the structure at any given inctant and in
the ¢ime varlation at any given location. Furthermore, the response
. of even relatively sinple structures to complicated loads ic a dif-
ficult analytical problem. It is thus commonly unprofitadle +o
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attenpt a detailed analysis of sa com@lei & prablem. There is, .
therefore, a strong impetus for the use of simplifications which
will permit relatively easy (even though approximate) sclutions (23).

The parameters which control effectiveness of earth
cover in protecting structures against damage produced by the blast
from atomic explosions involve properties of the earth cover, proper-
ties of the structures, and the inter-relation of the two. The inter-
relation is of major importance. The parameters are discussed sepa-
rately for purposes of logical presentation (24).

In general, earth cover reduces blast damsge to &
structure in several ways, First, it reduces the forces applied to
the structure, both because the shape of the earth cover will ordi-
narily reduce the forces exerted by blast and because those forces
which are applied to the surface of the earth are transmitted in re-
duced intensity to structure surfaces which are below the earth sur-
face. Second, the earth cover actsto modify and, in general, improve
response of the structure to forces applied to it. This improvement
in response of the structure is accomplished primarily by buttress-
ing, 1. e., resistance of the eerth to compression by any parts of
the structure which tend to move outward, and secondarily by the in-
crease in mass which resists motion because of its inertia. It
should be noted that the<e properties are functions particularly of
the interaction of the earth cover and the structure (2h).

The shape of the top surface of the earth .cover has
& very great effect on the forces applied by air blast and particu-
larly has a major effect on the dissymetry of forces applied to the
. vindward and leeward sides of the earth cover. This is a major pare
! ameter affecting the forces applied to & structure. Higher values
! of elastic moduli, as controlled by choice of earth for the cover
and by compaction during the £illing operation, have the beneficial
effect that buttressing of the structure is improved. Increased
moduli will generally also be associated with increased density;
this, in turn, will have a nmipor benefit in adding to the effective
muss of the structure. On the negative side is the increased cost
ot compaction. It is estimated that the cost of placing the earth
cover may well be increased by more than a factor of 2 by careful
compaction compared to no compaction whatever. Also, in the case of
very flexible structures, care must be exercised during compaction
to avoid collapse of the structure (2h). '

When the air blast from an explosion moves over an

: earth-covered structure, loading of the structure surface due to
earth pressure will be less sudden than loading of the earth surface
due to air preosure for the following reasons. (1) Since the stress
at a point on the shelter surface derives from the loading on a rela.
tively large area of earth surface, the c¢arth pressure rise time is
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lengthened because of the time required for the blast wave to move
over this ares and (2) the rise time of the earth pressure &t the .- .
structure surface ig also lengthened due to the finite veloaity of
transmission of stress in the earth cover. This lengthening of the
rise time is important where either the structure as a whéle or a
component. element of it has a period of response which is less than
the resultant rise time of the earth pressure against it. Important
benefits from an extension of the rise time exist only if the rise

time can be extended beyond the time required for maximum response
of the element under a shock load (2h). '

In the limiting case where there is no deflection of
the structure, earth pressure gages in the center section of a
structure should show somewhat longer rise times than correspond{ng
air pressure gages, but they should level off at approximstely the
same value and, thereafter, follow the decreasing alr pressure curve.
The side section earth pressure gages should show even longer rige
times than the center section {due to the greater thickness of earth
cover) and rise to s pressure conglderably less than the correspond-
ing earth surface pressure. The shape of the curve after the riee
should approximate the shape of the decreasing air pressure curve (2h)

For the case where the structure deflects, the mech.
anlsm becomes complicated. There are three effects associated with
earth cover which will affect the force acting on the structure,

(a) Acceleration of the earth cover will reduce the force acting on
the structure by the force m ay. Iater decelerution of the earth
cover will increase the force acting on the structure by the amownt
w ap. {b) As the earth cover follows the structure surface, there
will be a small flow of eerth. The friction associated with thia
flow will reduce the force acting on the structure. This appears to
have only a minor effect on the maximum force acting on the structure
(e) Another factor which will affect earth pressure at the structure
surface 1s the transmission of forces between different segments of
the structure surface. The earth pressure curves for a deflecting
structure are affected by accelerstions of the earth cover and the
trancmission of forces between different segments of the strusture
suwrface. Therefore, except for cases where deflections are amll,
it 1s to be expected that the loading history of the strugture will
be complicated and difficult to interpret (2h).

Extensive tests have indicated the thickness of varie
ous materials required to resist blast and fragments of H. E. bondbo.
The majority of tests were made on the basis of protection against
500-1b, GP boubs, teative thicknesses adequate for protection
against all types of bombs at a distance of 40 % are given in Table
IX. These thicknesses may be regarded as providing 95-percent pro-

teotion at 25 ft, provided structural continuity and good quality
construction are maintained (1),
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o N i Size of Thickness in Inches

B : g Boub Mild Steel  Concrete Block  Packed Farth _ Sandbags
£ 100 1b 1 16 20 -
E 250 1b 14 20 oh - 30
: 500 1b 2 oh 30 36
: 1000 1b 2} 28 36 b2
¥ 2000 1b 3 2 L ok
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NOTE: These thicknesses are 95 percent effective at a distance of
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Tests conducted during Operation Teapot on earth- .
covered prefabricated ammunition-storage magazines used ag personnel

-shelters resulted in a conclusion that the design of earth-covered
structures based on stress analysis was not possible under present
conditions and further effort in that direction was not advisable (25).
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Propagation of shock waves through soil is a subject
of special interest to the designer of shelters. The concept of &
wave being transmitted steadily in one direction or spreading out
from & point source is an idealiged one, In practice, all waves
move in bounded medis, and wherever boundaries of discontinuity are
encountered, reflection and refraction will occur resulting in more
or leas complex wave patterns. The amount of energy reflected is
dependent on the contrast in acoustioc impedances (1. e., produst of
mags density by seismic velocity) of the soils on each side of the
boundary at which the reflection takes place. It is independent of
the side from which the inaident wave approaches. Where there is
little difference in the elasticity and density between an overlying
and an underlying formation, there is little reflection. Bome re-
search has shown that a considerable contrast must exist in acoustie
properties in order that reflections of recognizable amplitude bve
produced at the interface of two distinct media, If there 18 a eharp
differerce in elastic and physical properties thereby creating an
_ actual discontinuity, much of the energy will be reflected from the
‘ interface. In stratified materials possessing different characteris.
! tics, the phenomenon of seismic reflection and refraction will occur,
The conditions are usually expressed in the relationship between the
radiation resistances or acoustic impedances of two adjacent media
since this factor controle the transmission of energy from one medium
to another, as vell as the ratio of reflected to incident energy. If
ia two wmedia, the specific acoustic impedances differ greatly, the
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energy transmitted from one medium to the other is negligible and
aimost perfect reflection will occwr. To satisfy the conditions

for reflection, a definite change in compressibility or in density
nust be made, Some examples of meterial with widely varied imped-

ances, compressibilities, and densities are solid mck, gravel,
plastic clays, sands, and loams,

The foregoing 1ndicates that if earth cover cui be
placed in layers of widely varied impedances, it may greatly reduce
the trancmission of shock waves to the supporting structure. This
factor is highly significant for protection ageinst H. E. shock A
waves of short duration. It has been found et¥ective as a mears of
protection against conventional artillery attack. It has not been
evaluated by experiment with astomic weapons. It is anticipated that
pressure~rise time on a structure under atomic attack can be bvenefi-
cially controlled in this manmer, but that it will have little ef-
fect on peak pressure. A pressure pulse from an atomic explosion is
of such long duratlon as compared to the natural frequency of vibra-
tion for most emergency shelters that it assumes many characteristics
of a static load. Hence, peak pressure is the controlling parameter.

The optimum design of an earth-covered shelter is
that design which will resist a specified blast load, be functional
before and after one exposure to atomic blast, «nd be of minimum
cost consistent with these requirements, The most important parame-
ter affecting cost will be the specified clear span. This should be
held to a minimum. For example, enormous capacity could be developed
in a culvert section of 6-ft radius under 5 £t of cover. Such a .
structure might be the most economicsl, The highest level of protec-

. tion per dollar will be attained if the span of the arch is kept to

the minimun possible to accommodate the appropriate function of the
structure., Thickness of earth cover near the crowm of the arch

should be determined by considerations other than protection against
airblast damage, radiation hazard, and missile hazavd (24),

b. Cover Support. One of the maJor problems encountered
in the design of emergency shelters is support for the earth cover,

The cover support has to carry not oanly the blast loads but also the
static or dsad load of the earth cover.

The design of underground protective construction to
resist air blast from atomic bombs presents difficulties only where
the pressures are extremely high. In general, for low pressures,

20 to 30 psi, the amount of cover required for radistion protection
is great enough so that the static strength of the structure required
to support the cover under the usual working stresses will generally
be sufficient to resist the dynamie forces, GSpecisl consideration,
hovever, may have to be given to the effects of very long duration
pulses of pressure resulting from the blast of extremely large bvoubs.
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¥hen pressures’are extremely high, in the ueighborhood of 100 psf,
some special consideration is required because the reserve strength

required for normal design.undex static conditions would not be
sufficlent (26). s ‘

One must take into account the nature of collapse of
structural elements used in construction. Wherever possible, one
should use materials and types of fabrication that permit absorption
of energy without brittle failure. Finslly, one should take account

of the fact that vibrations are likely to occur under dynamie condi-

tions and that reinforcement and anchorage should be provided to re-
sigt the full effect of reversnl in the elastic range, i. e., &
structure designed for downward loading may often be subjected to an
upward loading consistent with an elastic vibration just equal to
the yield deflection of the structure. If the structure is not so

designed, it may suffer secondary collapse which may be serious (26).

The upward pressures exerted on the bottom of buried
of the game order of magnitude as the pressures on
the rcof. A base pressure ofabout 3/1& the roof pressure appears to
be sufficient for design purposes unless the duration is extremely
long. This will take into account the absorption of pressure which
produces acceleration of the top surface of the structurs and of

structures are

pressure which produces acceleration of the structure as a whole (26).

Design criteria should be selected which correspond
to conditions at ylelding or at limit behavior of the structure.

When collapse loads or limit loads are selected, consideration should
be given to the probadle actual strength of the material under condi-
tions applying to the structure in practice. For very long pulses,
the structure should be designed for the pressures descrided above,
acting as static pressures, for atresses at least 10 percent below
those corresponding to general ylelding. For structures at or very
close to the surface, the design stresses should be at least 20 per-
cent below those corresponding to general yielding (26).

There 1s little evidence of dynamic arching in the
pressures acting on the roof of beam strips, except where the de-

flection became exceedingly large. The arching begins to be effecs
tive after the deflections have reached values corresponding to
about 5 percent of the span, This amount of deflection would core-
respond to fallure in ordinary reinforced concrete construction of
the thickness that would be required for large pressures. For
practical design conditions, 1t does not seem advisable to count on
dynamic arching to reduce the design loads (27).

For flexible structures, the huttressing effect of
the earth cover is a benefit of prime importance. ‘"Buttressing

effect” 1s the informal expression used to describe the pasaive
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resistance of..the soil o ll.te.ral displacement. No earth-covered
strugture can move to leevard without overcoming this soil resiste
ance, and no arch or gable frame roof can dbe displaced dosmward at

th;)crown without overcoming similar soil resistance at each haunch
(24).

(C) Tests were conducted on field fortifications
¢ during Operation UPSHOT KNOTHOLE. The structures consisted of com-
E mand posts, machine gun bunkers, end foxholes. The command yosts,
Fig. 1, and machine gun bunkers, Fig. 2, were typical structures, :
as in ™ 5-15, consisting of poste, caps, and stringers. The posts
and caps were 8 by 8 timbers while the stringers were L by I tinmbders.
The structures were tested by two different shota. The initial shot
caused roof collapse in many of the command posts and bunkers, Col-
lapses were due to failure of the center cap which in turn caused
failure of the stringers. Failures of the machine gun bunkers were
not as numerous as failures of the command posts, The explanetion
for this difference is that the pressures within the bunkers were
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twice the presaures within the command post, i. e., the machine gun
cmplacement cover was subjected to a lighter load because of the
: relieving pressure inside reaching a significant value in a shorter
‘ time. Structural damage to covers of command posts and machine gun
~ emplacements was & result of blast-induced pressure difference be-
tween the top and bottom of the cover. The effect of dynamic or
wind pressure was much in evidence. For the command posts, damage
! vas limited to removal of part of the loose earth cover; vherees,
for machine gun emplacements whose cover structure was above grade
level, the effects were multiple. Generally speaking, the dynamia
pressures were effective in tearing the cover materials apart from
each other vhere they were joined, blowing away the loose materials,
and moving whole covers or parts thereof out of pusition (10). (C)

P

{C) The second shot which included a precursory ef-
fect was very damaging. Of all parts of the fortifications that
had originally been above natural grade level, little or nothing
remained in place, The covers to machine gun emplacements could
not be identifted after the shot. Although the covers to command
posts stood up better than the others, none remained intact, It
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appeared that the 8 by 8 center caps had failed first in horirzontal
shear and then in bending et midspan, and that the end caps had
failed in Rorizontal shear only with a beginning failure in either
bending or vertical shear. About 1/4 of the 8 by 8 timber vosts

£ failed in compression, a few were driven slightly farther into the
ground, and most were left leaning inward to some degree (10). (C)

oor

(C) Fortification covers located flush with grade
level are primarily damaged by diffraction-type loading., When the
covers are located above grade level, cover components may be sexr«
- iously disarranged by dynamic pressure; however, the physical .

_ breaking of tinmbers and materials themselves is still a result of
diffraction loading on the cover. Disarrangement begins to appear
at dynamic pressures as low as 0.7 to 1.6 psi and is dependent on
the design and the quality of workmanship going into the joints and
fastenings. For both above and below grade covered fortifications,
the longer spanned, horizontal supporting members limit the strength
of the cover's resistance to diffraction loads. The posts support-
ing these caps are relatively invulnerable to damage from loads on
the cover; if the soil 1s at all stable, they are better sunk into
the g0il than set on timber footings or spreaders (10). (C)
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(C) ¥CDA family-type shelters were tested during'
Operstion BUSTER. One of these, Fig. 3, wvas a completely enclosed
shelter of wood. It was of small capacity, four perscns only, end
consisted of 2 by I studs and 2 by 6 roof joists with a wall, floor,
and roof covering of 1 by 6 sheathing. The Joists were spaced at
3-3/4 in. and the studs at 16 in. The roof span was 4 f£t. The roof
supported 3 £t of earth cover and, in addition, resisted peak pres-
sures of 15 psi (21). (C) :

(C) A commmnal shelter, Fig. 4, consisting of 90-in,
inside dismeter, 24 fi long, reinforced concrete pipe and 90-in. in-
side diameter, 10 gauge, 24 ft long, corrugated irxon multiplate pipe
was tested during Operation BUSTER. The shelter covered with 3 ft
of earth withstood 25 psi overpressure (22). (C)

ALLED DUG-WAY

CORRUGATED STEEL

Fig. 4., Commumal shelter.

(C) Covered tranck shelters, Fig. 5, vere teoted at
Operation TIMBIER. The trenches were 2 ft wide, and the cover sup.
port vas 2~ by l12-in. planking overlapping the sides of the trench
by at least 2 ft. The cover was 2 Tt of soil. In this particular
?egt);, tlze).?- by 12-in. planking withstood 15 psi dut not 20 pei
28). (C
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SECTION A-A

Pig. 5. Covered treuch shelter.

A spe~1al type of cover support s currently in use
. in military field forvifications, Revetment can be i{ncorporsted

into this structure quite casily since the atructure provides ade-

quate brucing. This structure consists of poste, caps, snd string-

. ers vith disgonal bracing on the poats, The cover in this case e
supported by stringers placed perpendicular to the major shelter
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axis. These stringera, vhich are uniformly loaded, act as simple
beams. The stringers in turn are supported by caps placed perallel
to the major shelter axis. The caps act as single-span fixed-end
beams or multi-span beams. The caps in twn are supported by posts
vhich act as colums with one fixed end. Further strengthening is
provided by a single diasgonal brace between successive posts. This
brace is ordinarily eliminated when timber sheathing is used as &
reveting material and is supported by the posts. Transverse bracing
is provided across the top width of the shelters between oppnsite
posts and on a level with the caps. This brace reduces head room
but is necessary for rigidity. Usually, footings are not eumployed
for the posta; however, they may be necessary in very soft soil.

The foregoing structure can be designed in modular
section, Fig. 6, which then cau be formed in multiples for larger .
shelters, In a modular section, there would be provided four poats,
four caps, and the necessary stringers and diagonal braces. The
stringers should be placed in two or more layers in different direc-
tions to provide equivalent load distribution on the caps. In multi. |
ple sections, all posts except the end posts and all caps across the
width of the shelter except end caps should be designed for twice
the load of the otherg. In multiple ssctions, the modular units
could be placed adjacent to each other with a certaln amount of -
fastening, but this wuld not provide the high coatinudty that
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inereasiug the size cf posts and cape at the .joints between ‘bhe nedue
ar seciions would provide.. ) G

Testing conducted at Fort Belvoir during 1956 and
1957 gave indications that leminations within “he cover suppord
would be of definite value, particularly when subjected to dynamic
loads of short duraticn. The cover support consisted of uimple
beams placed acrocs an orven fortification and supporting.l8 in, of
earth cover. One structure was 4 fi square, unsupported span -
length, eand another was 9 f square. The smaller structure utilized
beams 6 in. deep, and the larger one utilized beams 8 in, deep. A
comparison was made vetween 8- by 8-in. or 6- by 6-in. solid beams
and l- by 6-in. or 1~ by 12-in. laminated beams arranged in equiva-
lent depths. The l-in. heams were placed at right angles in alter-
nate layers, glving a better distribution of point loading. 4 suf-
ficiently large charge of TNT was detonated on top of the earth
cover to cause failure of the beams, Fallure of the laminations was
limited to the bottom two or three layers. Reesults of the tests

- showed that 1t required two to thvee times as great a charge to cause

failure in the laminations as 1t did to cause failure of the solid
bYeams, Testing also showed that & cover support consisting of multi-
ple saplings, maximum diameter 3-in., vas very effective against high
explosives. Correlatiig the data from these tests with atomic blast
effects is not cimpic. Blast pressures from H. E. weapons vary as
the cube root of the ratio of the charge weights. Therefore, even
though the charges were 250 to 300 percent greater, the peak preg-
sures were only 35 to U5 perceut larger. Also, blast duration times
for H. E, weapons are extremely short as compared with stomic weap-
ons, However, these data do show that a laminated ¢ovar support
would withsiand the blast effects of an H. E, ghell containing twice
the explosive charge that a solid timber cover support of equal weight
and thickness would withstand.

The "radiological shelter" requires sufficient thicke
ness of material in the shelter walls and roof to reduce the gamma
rodiation dose by a factor of 1000 or more. This would require at
least 3 £t of earth or its equivalent in other materials., A%tention
would aleo have to be paid to detsils of the entrances and vent.ilae
*ion system to prevent fallout meterial from entering the shelter in
significant amounts. A "radiological shelter" will also provide com-
plete protection egainst the direct heat flash from detonation and
will also offer considerable protection against air Llamat. In most
cased, protectinn against a blast overpressure of 10 psi con be sx-
pected 88 & byproduct of the requirements for radiological protec-
tion. Very simple underground sheltess constructed of sandbegs and
wooden planks heve been judged to p.ovide blast protection ageinst
an overpressure of 10 psi (29).
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“e. Revetment. A revetment is 2 retaining wall or facing

for maintaining an eartn slope at an angle steeper than its natural
angle of repose.

In loose or granular soil, meamires must be taken to
prevent crumbling of walls when the position iz to be occupied for

more than & few days. Decreasing the slope for this purpose de-
creases protection afforded by the emplacement. Revetments require
considerable labor and material, but they reduce maintensnce and in-
sure stabllity of the earth slope. BEarth walls in entrenchments and
emplacements not only ere subject to normal erosion processes and
wear and tear of constant occupation, but they must also withstand
heavy earta shock caused by explcaion of bvombs and artiliery shells,

There are two types of revetments, the retaining-wall type and the
surface or facing type (30).

e
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The retaining-wall type is strong emough to retain a
dirt wall without extra bracing or supports. Dimensions of the ex-
cavation must be increased to allow space for this type of revetment.
Examples of this type of revetmeut are sandbags, logs, and expedient

materials such ag empty ration crates, empty shell cases, or ammuni
tion voxes filled with soil (30).

P . o
e o 75 O

Surface or facing revetment serves mainly to protect
the revetted suwrface from effects of weather and damage caused by

occupation. When strongly constructed end supported, revetwent re-
taing loose waterdal. Issue materisl such as burlap and chicken wire,
wire mesh, or corrugated metal sheeting could be used in conetructing
revetments, When installed, thece materisls are held in place by
metal or wooden pickets which ayxe driven into the floor. Brush and
cut timber can be used as natural facing revetment. A brush reveb-
ment 15 constructed by driving pickets at l-pace intervals in the
trench floor. Space behind the pickets then is packed with emall,
straight hrush lald horizontally. A cut-timber revetment is the
principal natural means of revetting foxholes and emplaceuents. It
is similar to the brush revetmeni, except that a horizontal layer of
amall timbers cut to fit the length of wall t0 be revetted is uged
; in place of brush, When avallsvle, dimension lumber may be used in
'k a similar manner (30).

- ——

Ordinary sendbags should be used enly for temporary
revetting, Where begs are to be in place for a month or longer

under average molsture conditions, they must be rotproofed or £illed
with soll partly stabilized with cement or bitumen.

~ Sandbags are

usually placed against esrth walls with slopes 3 on 1 to b on l.and
vith a thickness equal to tvo sandbag widths or ons sandbag length,

'I('he{ are thoen placed at 90 degrees to each other in alternate layers
30).

P NS e st et ..
.
B

et l Rl Ve

- s . o a3 M v— - . —— nomr P CTRY T SO
_. Sy ey . . . U L TP

‘.‘ .Q-.\l\ "‘\ ' ..-'.-.)"-o " q-’ ., .‘.‘ . -_.‘-_ L A A v e > .

“lta ¥ A_‘L{z._\ PRI t’p'.'u‘-'-‘~ R 'A!; X3 A'.“:‘.'~ Rl k,\‘ “",""'




A I ML M e e A A L o < 2 s s maes

CONFIDENTIAL

| S 29

It vas previousiy stated that anr economical degree of
prcrbectm sgainst B. B. veapons has in the past been generally es-
tablished on the basis of a 500-1b,GP bomb detonating at a distance
of 25 ft. Three ft of sandbags and 30 in. of packed soil have proved

95 percent effective at 25 £t and 100 percent effective at 40 £t .
against blast and fragmentation (1).

Revetment for protection of personnel may be provided
by piling sand bags filled with sand or earth stabilized with cement

to a height of 3 £t 6 in. The sand bags should be protected by
. earth sloped at 45 degrees (31). .

¥

Lateral earth pressures (produced by air pressuves ap-
plied at the top surface of the soil) exerted on vertical faces of &
buried structure are reiatively small for well compacted silty soils
even vhen the vertical pressures are high. It appears that pressures
on the order of 15 percent of the vertical pressure are reached in
the borizoatal direction for such soils. However, this ratio may be
higher for plastic clays or for granular materials such as sand and
would probably be much higher for material carrying weter under prese-
sure or for material with voids completely filled with weter (26

e, S o) 17 3 4 T T ST, 1 " RIPAEIX
v s I ) TS AT

R SR TN
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(C) Revetment for some FCDA shelters consisted of
1 by 6 sheathing supported at 16-in. intervals by 2 by I studs.
During atomic teste at Operation BUSTER, this revetment withstood a
T peak pressure of 15 psi on the surface. A revetment consisting of
chicken wire and tarpaper sheathing was adequate where the spacing
of supporting members was not top great. Reduction in rigidity of
the shelter because of the substitution of chicken wire and tarpaper
for l-in. wood sheathing is not considered serious in structures of

_ basic design. The use of unreinforced concrete-block walls as revet-
ment 15 not recommended (21). (C)

vy S ARG SRS P Wy 5

(¢) At Operation TUMBLER, some trench shelters with
unrevetted walls were subjected to varioue blast pressures. Boil
structure was a major fasctor in determining how well the sheltesr
. valls vithstood blast effects. At cne position vhere the soil strue.

ture vas fairly good, the walls held at 18.5-psi overpressurej at
anpther position vhere the zoil structure vas poor, the sides of the
shelter gave way at only 3.9 psi (28), (C)

P

wr iy

e ]

(¢) A nuber of field fortifications vere tested at
Operation UPSHOT-KNOTHOILE. These testo included various types of
revetment. All the revetwents were constructed with a few inches of
very looce, fine carth backfill betwsen them and the solid earth
: walls. Although this loose material may have acted as a buffer, the
effect was not apparent. The various revetments were chicken wire
and burlap, chickenwire and pasteboard, corrugated metal sheeting,
plywood, 1 by 5 timber, and 4 by 4 timber. Results of tests
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indfcated that these dfaphragm-type revetments may be successfuuy
used &t ranges from air dbursts vhere the pesk overpressures are
about 25 psi provided that care is tasken to attach them adequately
to supports spaced about 24 £t apart and provided that they are not
depended on to add strength or stability to the overall basic struc-
ture, Considering general strength, simplicity of construction, and
dependebility, the 1 by 6 and b by 4 timber revetments are superior
to the others, Rigidly supported at sbout 3-ft intervaels, a & vy &
timber revetment appears to have sufficient strength to stand up at

a range from an alr burst where the peak air overpressure is approxe
imately 300 psi (10). (C)

Sandbags can be used as a revetting material provided
they are protected from direct exposure to thermal rays. -Sandbags
covered with small amounts of loose earth are not damaged.

There is little information available from past tests
on the reaction of various types of revetment to an atomic explosion.
It has been generally concluded that all normal types of revetuent
are adequate for military use, that revetted fortifications can dbe
located ot much doser distances to ground zero than unrevetted fort-
1fications can, and that soll siructure is a major factor determining
how well unrevetted walls will withetand a blast (10).

Becaure of the unknown nature of the transmission of
a shock wave through earth and of the loading of structures by such
& wave, required revetment strength is based more on experience than
theoretical calculation. In general, the forces applied to revet-
ments have been considerably less destructive than those applied to
cover structure by a blast, and relatively light revetment construc-
tion has been successful (10).

(C) Wooden shelters tested in Operation BUSTER withe
stood 15-psi peak overpressure, The revetment was 1 by 6 sheathing
supported by 2 by 4 studs apaced at 16 in. (21). (C)

d. Entrances. The entrance is one of the more difficult
problems in shelter design. This report does not encoupass the de-~
s8ign of blast-resistant doors although their design is very similarx
to that of cover support. The apparently critical item which most
blagt door designs for improvised chelters have indicated under test
is the door supporting frame. Many failures of doors have not been
of the door ftself but rather of the door frame or support. Perti-
nent items in the design of entriwnces will be brought out in the
succeeding paragraphs,

Entrances 2 ©*t 6 1. in width and 5 £t 6 {n. {n clear

hefght will sccommodate streichers for redcue vork. Romp entrances
should not be steeper than oune in four.
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Piovision of emergency exitﬁt is importanf., and at

I, least one emergency exit must be provided for every commumnal shelter.
;" Emergency exits should be located. in the opposite end from the

i entrance (32). , ,

£ A test vas made to determine the possibility of ome
i;'j person passing another in an emergency exit of circular cross scc-
AU tion. A 2-ft 9-in. dlameter steel pipe was used. One person was

§ 6 ft tall and weighed 210 1b and the other one was 5 £t 9 in. tall
& and weighed 185 1b. Since the two persons were able to pass each -
EE other, it was concluded that a pipe 3 ft in diameter should be ade-
. quate as an emergency exit (33).

Yf‘ B .

BF The slope of ramps should not be steeper than one in
v eight, and the slope of stairs should not be steeper than two :ln

: three (1).

¥ :

< Entrances for protection against CBR attack should

be walled-in passageways fitted with double doors or gesproof cur-
taing about 9 to 12 feet apart. The double doors create an air lock
to reduce agent seepage into the shelter; more than one air lock in
series will give increased protection. It is desirable toshave air
locks or doors around a corner from each cther and to have two corne
ers or right angles in the entrance tunnel. This tunnel should pre~
ferably slope upward to prevent the flow of heavier-than-air gases
into the tumnel., Slanting frames are built for gesproof curtains,
and the curtains are weighted to hold them in place. Two entrances
mey be desirable. Each of these should be provided with a pail of

soapy water and a brush for cleaning the boots of persounel entering
the shelter (20).

TN peeeniie.
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(¢) During Operation BUSTER, a number of FCDA shel.

, ters, Fig. 3, were tested. Avove-grade entrance construction was

' badly demsged, particularly where the entrances were not fully pro-
tected by earth cover. Oreatest damage was suffered by entrances
facing the blast. Two similar shelters at the same distance from

. ground zero gave different interior gamma doses. The shelter with

. the entrance facing ground zero received 60-percent greater gemma

i radiation than the shelter with the entrance oriented 90 degrees to

the radial line from ground zero. In below-grade shelters, entrange

construction which was above the natural grade was almost completely

blown away. The entrances of all structures were considerably vesker
than the shelters proper (21). (C)

o

T . IR T

Previous investigation has shown that the entrance
construction of most structures has been considerably weaker than
the gtructure proper end has been almost invariably the limiting
factor in blast resistance, Scorching of parts of entrances not
directly exposed to thermal radiation has indicated reflection of
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some magnitude; hovever, those entrances requiring at least- m
reflections of thermal radiation have successfully shielded the in- -
terior from high values of thermal radlation. The design and con~
struction of entrances has tended to be slighted.. The proper con-
struction of entrances is as important as that of any other part of
a fortification (10).

(¢) During Operation BUSTER, & comnnmal shelter,
Fig. b4, shaped in the form of an H was tested under atomic effects.
Douvble-ramp-type entranceways were the legs of the H, and the shel-
ter proper was the crossbar, The principal axis of the shelter was
perpendicular to the radial line from ground zero, GScatter gemma
radiation through the entrances was found to vary by & factor of 53
there was a minimum at the center of the shelter and a maximum 3 £t
, from the entrance. Two successive shots gave increased radiation
4 by factors of 3 and 2. The relative increase in dose was believed
) to be due to removal of cover over the shelter proper. Surface
- gamma intensity for tde three shots varied from 13,000r to 70,000r. .
Three ft from the ends of the interior of the shelter, gamma inten-
sity varied from 388r to 880r. The increase in intensity of radia-
3 tion near the open ends clearly dictates the need for baffling or
' shielding against scatter radiation. Reflected blast pressures
? within the shelter were 2 to 4 times as large as surface pressures
v with the exception of one shot which gave interior pressures only
slightly larger than surface pressures, The lower pressures from
this shot are attributed to earth swept into the ramps from the
vrevious shots and occupying 20 to 30 percent of the shelter entrance

opening. This reduction of the opening functioned as & restriction
to the flow (22). (C)

-—rap

(C) During Operation UPSHOT-KNOTHOLE, two AEC group
shelters with special entrance designs were tested for effectiveness
against nuclear radiation. The shelters were L8 feet of 90-in. I, D,
pipe, buried 3 feet with cne end closred. Entrances were parallel to
i the axis of the shelters which gave two 90-degree turms into the
shelter proper. One entrance was a double ramp, Fig. 7, and the
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4

Fig. 7. AEC group shelter,
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& b
. other, Fig. 8, was a single ramp. The eatranceways were efficient
R a in reducing the amount of radiation into the vhelter. The gowma
. ¢ radiation was higher in the entrance ond of the shelter. There was
"3 , no apparent difference in effectivensss between the two entrance
- : deaigns (34). (C) |
;;ﬁ (C) During Operation TEAPU:‘; a reinforced concrete
! ; group shelter, Fig. 9, with a capacity of 50 persons was subjected
AN ! to the effects of two atomic veapons., Thia shelter was designed as
2 . a completely closed, ventilated typs resistant to long-duration
blast pressures with 100-ps* wigimuwn overpressure. It was tested
% ‘ both as & closed an® as an open shelier, The entrance to the shel.
- } . ter wagc a stairwvay with tvwo 90-degrue turns. The surface ¢ntrance
t to the stairway was flush with the ground surface and thus avoided
- \ _
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SECTION 8-8

Pig. 9. Group shelter,

high reflected pressure which a vertical door would have experienced.
The first 90-degree turn was located at the stairway landing halfway
down vhile the other 90-degree turn was at the base of the stairway
and led into the shelter proper. When the shelter was tested as an
open shelter, gamma radiation of 23,000r at the surface for the ini.
tial shot was attenuated to approximately 3500r at the first landing,
5 at the second landing, and 6r within the shelter proper. Di-
rectly belov an opeun ventilation pipe, a total of 50r vag measured,
Camma radiation of 57,000r at the surface for the seccud shot wag
attenuated to approximately 50,000r at the first landing, 900r at

the second landing, and 60r within the shelter proper. Blast atten-
uation vas considerably less. Surface blast overpressures of 47 and
92 psi for the same two shots were attenuated to 26-37 pei and 6h.Th
pol, respectively, within the shelter proper. Apparently, there was
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Do entry of reflected thermesl energy. {nto the shelter proper; how-
ever, heated air of high temperature, 150-350 C, did enter. The

1 4

1

A

high temperatures were of such short duration that only the fur of

test animnls was singed. When the shelter was tested as a closed

shelter, there was no damage from outside overpressures of 47 and

92 psi or from thermal effects. Gamma attenuation was excellent.

On one shot, 85C0r just below the door was attenuated to lees than
. 1r within the shelter proper. On ancther shot, 25,500r just below
: the door was attenuated to 1 to 2r within the shelter (35). (C)

.
L ]

el o ST acl el Bt oo b g lie

(¢) Thermal energy measurements at Operation BUSTER
indicated that soil would reflect only & small smount of thermal
energy. Measurements were made in a foxhole, 6 by 2 £t wide and
k £t deep. Pighteen cal/cm? was measured on the rear wall of the
foxhole. Only 1.3 calf/cm? was measured on the front wall.  Measure-
ments on the side walls Indicated no significant energy. This data
indicates that a soil-lined entrancewsy will admit only a esmall
amount of thermal energy if one or two bends are incorporated (12). (C)

(C) The very long durstion of an atorfc blast wave
insures that pressure rise inside a surface shelter with open door
. vill be comparsble with that outside, If the door area is small,
howvever, compared to cross section of the shelter, pressure rige in-
side the shelter will be gradual. For a given volume, therefore » 8

. shelter in the form of a long narrow tunnel would vresent the great-
est hazard (36). (C) .

§ oy o o T T
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(C) During Operation UPSHOT-KNOTHOLE, testing was
conducted on a gable-ghaped group shelter, Fig. 10, constructed of
concrete punels., This structure was covered with earth ceveral feet
X deep. Access to the doors and air inlets was by means of corrugated
: metal pipe through the cover. The pipe to the air inlets was 24 in.
1n diameter. The pipe to the entrance was 72 in. in diameter except
for the small section neerest the doorwvay which was 100 in. in diam-
eter. This pipe contained one right.angle turn, The door in the
entrance was blast resfstant. The shelter was subjected to blast
pressures varying from 7 to 11 psi. The structure was only slightly
damaged, although blast entered the air intake and destroyed the
filtering units and blev over some interior partitions (37). (C)

(¢) During Operation UPSHOT-KNOTHOLE, dogs were
placed in communal shelters and exposed to the blast effects of two
atomic detonations. The shelters, Fig. 11 and Fig. 12, were large
pipe covered vith earth. Entrances were ramp type containing two
right-angle turns into the shelter proper. For the initial shot,
the ramps were oriented parallel to the direction of the blast wave;

. for the second shot, the ramps were oriented perpendicular to the
direction of the blasgt wvave. The two principsl conditions affecting
presswe vithin the structures vere ocutside overpressure and

.

t; .
I CONFIDENTIAL

!

e e ————ta. s A A =

et St -

GORMIE 3e ia il e sn 0 ok

DR Tara il

TEXPUTCAAT R vy .

. : - e
R TR LS AL O A DI Tye wyw ..
L WA A PR S A B I A A I T T
. » Wt AT N
L) S SR LN AR S N “.'-.!’\.'3.!'*,""'3‘.""%""n"f R 's’:.\




' " . Ty . ' a’ ’ - - o .
- ;—0—- ZZ - a.—-—h !
4 s
) | - s\ — * ;?
! ‘Q
: 1
100°—o] -
‘ ' 2"
; SECTION A-A
{
% Fig. 19. Gable-shaped group shelter.
! .
} .
| .
‘ [ -~ - ~ - - - — : - N PR - -~
-‘ a ) . W e ;‘ '.‘:A i n. v.'\ ) h; - - vn-“ . ~ b AR o R JTILS PR PO P A @yt W A g e S g s e e
LT S et BN Y iy e N e TS UG




. CONFIDENTIAL .

gf . LTI e B T ) '
'i L F__—__-___—w — _.w" el —F L [:;ﬁ:gT__"
E :-,_ 1_" S ' SHELTER PRIPER L
B | BLAST THaP | 1 X X I
s o -
B 1 1 |
f . ’ RAMP  RODFE} ENTRANCE RAMP
i -1
¥ : : ' '
g‘r - - ’ Fig . llo com‘mal BhEltero
;; L r 4 ) 1 v | .z
% SHELTER  PROPER
a Pt 4 X T LY . % __r_
- A
Ry £ED
- ?xch £ ' RAMP
. Fig. 12. Cozmunsl sheltor.

orientation of the entrance ramps with respect to direction of the

blast wave.  In addition, it appsared that volume of the structure

: with respect %o entrance area was such that Llittle or no redustion -

¥ in peak overpressure would occur. The outside peak overpressures

! : vere 12 psi and 13 psi, respectively, for the initial and second

i’ ghots. From the initial shot (ramps aligned parallel to direction

\ of blast), the animals sustained warked blast demage (hemorrhages

¢ in jungs und abdominal organs), three dogs were ataxic,. and two

! dummtes were violently displaced. From the second shot (remps
aligned perpendicular to direction of blast), no significant in-

Juries to the animals were found and the dunmies were minimally

displaced. The greater damage was caused by the smaller peak out-

side pressure, Rather violent displaccments resulting in signifi-

cant secondary injuries may, therefore, be anticipated in ocoupants

of such shelters where entrances are eligned parallsl to the direce

tion of the blast vave (38). (C)

- -
“v % "I

During and prior to World War II, relatively simple
devices vere uged to protect egainst the blast af H. E. bombs and
shells. For instance, almost any type of overlapping bvaffle wall
is effective in protecting a door, and 4 simple bend or offset is
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38 |
usuglly sufficient.to protect a duct against an H. E. blast which.
is generally characterized-by & very short wave length compared to

the size of the protecting devices.

However, the long wave length

of an atomic blast completely envelops and filis these simple pro-
tection devices before the positive phase hac passed, thus render-
ing them relatively ineffective (39).

Ae——

T

N
N

A

Fig. 13. T-shaped double stalrvay entrance,
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{C) The primairy purpose of the UPSHQT-KNOTHOLE proj-- .
ect was to cbtain informstion on the behavior of shock vaves in em-

- trancevays, and to study attenuation of such shock waves in entrance-
ways of practical design incorporating baffles and turns. The two
entrancevays which were included in the tests were rather simple in
design. Entranceway A, Fig. 13, was a T-shaped double stairway.
Entranceway C, Fig. 14, had only one stairway, but it had six right-

St et

. angle beuds. Location of the blast doors in the two entranceways
was determined by two primary crnditions: (1) the door should not
: '
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- be exposed to the direct effect of the shock wave, and (2) the door
should be placed so-that 1t would not be hurled through the structure
iIn the event of failure. Therefore, the vlast doora were placed akt
- the structure end of the entrance; ir sddition, one right-sngle
- ! bend was placed between the door and the shelter proper. Records
: from the gages in the entranceways were very irregular when the
2 shelters were subjected to a peak surfece overpressure of 21 psi.
- , In general, pressures measured in Entranceway A (T-shaped) were
- higher than those in Entranceway C (baffled), and pressures im both
were higher than outside pressure. The average maximum presgure
near *he steel door in Entranceway A was approximately T5 percent
higher than the peak external pressure; the average maximum pres-
sure near the steel dooyr in Entrancevay C was 35 percent highsr than .
the peak external pressure (39). (C) _ :

»e

() If an entranceway is. restricted in slze and
leads to an extremely large ckamber, it may act as @ ventilsting
duct, and pressures in the chamber can be computed. Whatever baf-
fles or turns and corners are provided in the: entranceway, dictates
of economy are such that total length of the entranceway caripot be
much longer than that required for accass to the surface from the
structure. It is probadly always cheaper to provide & resistant =
door to the shelter than it is to provide a very complicated en~
traccevey. For the mejor part of the time of the shock for a moder-
ate or large size bord, the entranceway and doorways leading off the
entrancevay are subjected to pressures corresponding to those in the
air in the general reglon of the structures. It does not seem possi-
ble thaet entranceways vhich de not involve major changes {a oross-
azation through their lengths can provide any material attenuation
of o shock wave passing through them. AL entrancevay with s sexries
of expansion chambers and surfaces from which reflections can be ob-
tained, so as 0 "choke™ the passage Letween one expancion chacber
and the next, may provide for a major attenuvation. However, such a
pasaagevay might be mach more cxpensive than o simple door at the
eptrance. Novertheless, this kind of passagevay may increase wmalte.
rinlly the time Of rise o maximum pressure acting on a door at the
: end of the passagevay. A cheragteristic i{ndlcating passage of shoek
’ into and through the passagevay to the farthest point, a reflection,
' and g passage back ¢o0 the entrauce chovws roughly through all the
records, Maximum prescures occour in this reflected shock vave vpere
it re.nforces the primary pressure wave, The magnitude of the zaxi-
zum refledted pressure is approxizately twice the penk outside pres.
sure which enters in the firsd place. [he eéntrancevays tonted would
have been extremely effective Tor H. E. weapons or, in fact, for any
short-duration shock waves. Their effectiveness for longer-duration
Pulses decreases, and 1% is questiovsble whether any ¢y of en-
trancevay would be capgable of "breeking up” & shock or of reducing
the pressures on doorvays below the external pressure for & wapon
of large size vhich produces a ghock vave of long duration (39). {C)
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3 . Fig. 15. Plan view - Swedish entrance.
; ‘
; . A multiple blust-trap-type entrance, Fig. 15, is
; currently viewed with favor in Sweden.
i e, Blast Walls. Blcst walls cre designed to protect an
, entrance to a sheliter from fragmentation and blast waves, They arve
. utilized with entrances which open above original ground. Buch a
: wall is particularly effective against H. E. weapons although the
5 same results can be accomplished by a bend in the entranceway. The
: l.. g duration of atomic blast pressures makes the blast wall quite
. Ineffective againct atomic blast waves; however, {t is effective
; againet missiles. The incorporation oy bends in entranceways, ap-
: parently considered essential in atowic shelters, will render blast
P walls unnecessary. DBDlast walls can {0 a large extent eliminate the
: entry of drag forces from an atomic explosion inte the entrancewvay;
)
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however, they may csuse a reflection into thé entrancevay when the
blast waves come from ancther direction. .

f. Ventilation and Capacity. Ventilation of emergency
or improvised shelters will of necessity have to be natural. Me-
chanical ventilation of some type may be incorporated at a later
date if and when necessary. Shelters may be closed or open. Venti-
_ lation will particularly affect the number of personnel which may
) occupy any size shelter.

Because fallout may require occupants to remain in a
shelter for a number of days, at least 10 sq ft and 65 cu ft of
space per person should be provided with room for at least half of
the occupants to lie down at one time. Whenever feasible,up to 15
or 20 sq f% per person should be provided., Mechanical ventilation
with filtered air is not considered essential for small shelters.
During an emergency, the door of a small shelter can be opened oc-
casionally to replace the air. A smsll vent pipe through the roof
term:ﬁ:at).ing in a raincap will help to remove stale or contaminated
air (40).

The most important characteristic affecting shelter
costs 1s the number of square feet of shelter space to be allotted
per occupant. This factor depends in turn on the maximum time the
chelter must be ocgupied. Studiles at the U, S. Naval Radiological:
Defense laboratory indicate that under fallout conditions, shelters
will be occupied at least three days and for as long as two weeks
under some circumstances. It is recommended that shelters be de- |
signed for & two-weck occupancy even though the "average" shelter
stay may be somewhat shorter than a week, Since, according to avail-
t able literature, no actual tests have been made of shelter habita-
bility as a functic: of the area allotted esch occupant, only approx-
imate estimates of space requircments can be given (29).

As a first approxirstion, each occupant must be age
signed sufficient floor space in which to sieep plus his shere of
the space required for feod, water, atisles, ctc. A space requice
ment of 20 eq ft per person s arrived at in the following way.

Each pergon 1s allocated an arca of 15 sq ft for living and tlecping.
This area is approximately the size of a standard army cot 2} £t
vide by 6 ft long. Space vequirements for food are based on the
"Army Food Packet, Individual Assault JA. A case contalning 24 meals
occuples approximately 1 cu ft, Assuwsing thet cases con be stacked
six high on the average, cach sq ft would contain a tvo-week supply
of food for three people. This amounts to 0.3h sq ft per person. A
Army Field Manusl 5-3h states that one-half gallon of drinking vater
{n the minimum per person per uay for nu longer than three days. Que
; gallon is recommended. This amount conteins come allowances for
cooking and personsl kygiene., Alloving 1h gallons of potable water
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o .- 'ber person and assuming that the poiable water tank is & £t high,.
- the floor space requirement per person is Q.47 sq ft. Adequate
tollet space danm Be provided on an area of 0.32 sq ft per person. .
Certain control operations must be carried cut in the shelier.
These functions will use 0.5 8q £ per person. Passagevays are
~necessary for the movement of personnel. The total of these re-
quirements is 19.63 8q £t or-approximately 20 ft per person. These
. . space requirements are summarized in Table X (29). .

Table X. Personnel Space Requirements

8pace Required Per Person in Shelter¥® =~

b
3
¥
v

i
'2’E~ .
&
i

1

8 Area
pace (sq £t)

; Living and sleeping 15.00
X Food for 2 weeks 0.34
3 Water for 2 weeks 0.47
;- Toilet space : 0.32

Operating space 0.50
3 Pagsagevays 3.00
. : ¥ : Total required . 19.63%*
1 o ' . |
] ) Notes: ¥ Table based on using floor for sleeping. If double-decked
E - sleeping arrangements are pmvided the space mquirement :
A 18 10.38 &q ft. .
3 | %4 This ppace requirement is about twice that used by the
3 FCDA, On the other hand, it is about one-half the stand.
E ' - ard used in Army field ehelters. N

Since shelter costs are heavily depend.ent upon the
{ space requirement, 1t would be very important to reduce the space.
: requirement to a minimuwn. This can be done by sleeping the occu-
. pants in shifts or by providing double- or triple.decked sleepliung
facilities using a simple canvas-covered pipe fieme. The figure
used in most shelter designs i ebout 10 sq ft per person. It ap-
pears imporiant to conduct habitability tests to resolve the ques-
tion whether 10 sq £t is sufficilent (29).

Existing data indicate that shelter costs rise slowly
vith {ncreasing oize of shelter. Therefore, the size of the indi-
vidual shelter should be determined by the moximum number of people

: that can reach 1t in an acceptable length of time after warning of
attack. However, problems of morale and discipiine can arise vwhen
large groups of people are assembled under trying circumstances,
Military expericnce cuggests that group size should be rectricted to
50 to 100 persons (29). .
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, A shelter can be completely closed, with no vemtilae.
tion whatsoever, for 15 hours vhen interior vulume per person is at -
least 300 cu £ (29). - = -~ - '

Por inactive personnel. in unventilated shelters, 1 cu
£t of air per minute per man is requiyed. Table XI suggests dimen-
sions for wnventilated shelters occupied by up to 50 men, the practe
icable maximum. C ‘

Table XI. PFrotective Shelter Requirements

Number of 2% Hr Air Requircments Suggested Dimensions (Tt)
Occupants (cu £t) Length Width  Height
1 150 S i 7
15 2250 20 15 8
30 4500 .29 18 9
-50 7500 : b 23 10

{C) A test of various ventilating ducte was conducted
during Operation UPSHOT-KNOTHOLE. 8ix different vent desigos were
utilized in the test. Two of the vents were 6-in. straight pipe, one
of which had a T-ghaped entry while the other had a 180-degree bend
entry. A heavy-duty muffler-type blast baffle was incorporated into
"a 6-in. pipe with a T-shaped entry to form the third vent. The
fourth vent was the Swedish rock grille which consisted of e concrete
box filled with cobblestones supported on bars extending across the
chamber. The interior chamber is & £t squaxe by b £t 6.4n. deep.
The final two vents weve 6-in. pipe containing & set of Chemical
Corps filters. Each set included one particulate filter and one
charcoal gas filter. Both vents bad a T-shaped entry while one was
further protected by a Chemical Corps antiblast closure valve. The
ducts from the vents into the chember were 6-in. diameter with the
exception of the one from the Swedish rock grille which vas 12-in,
dlameter, The vents were subjected to & pesk surface overpressure
of 21 psl. Measurements were mede of the peak pressure in the vents-
and of the maximum sustained pressure within the vents and the shel.
ter chamber. Recorded pressures are chown ia Table XIX (39). (C)
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5 ¥ahle XII. Maximum Vent Pressures (C}
- Gege  Initial Peak ~ Maximum
§ o Vent Location (ps1) (psi)
4 P-Shaped Entry Duct 10.4 1.5
g - Chamber : 7.8,
£ 180° Bend Entry Duct 1.4 . 1.6
73 Chanmber 8.2
g . Swedish Rock Crille Duct 2.2 9.7
; " . Chember 1.2
i Muffler _ Duct L7 5.0
4 T ' Chanber - : 5.2
Filters ' ‘ Duct. " 0.8 2.6
Chamber " 2.3
‘ Anti-Blast Valve and Filters  Duct 0k 0.3
' : , Chamber . 0.3

-

»

(C) The blast curves from the duct gages were
characterized by a very rapid rise to a peak pressure followed by a
; rapid fall t0 a pressure lese than half of peak, then a gradual rise
to & susta’ned maximum pressure folloved by a gradual fall to zero,
and then a negative phase. The vent containing the filters and anti-
blast closure valve permitted only a very small increase in pressure
indfcating that the closure valve functioned corxrectly. These pres-
sure~-time curves show that all of the vents appreciably lengthened
the rige time in the sheltexr chenbers and in some cases reduced the
maxinmum pressure by a large fastor. However, a peak or spike oc-
curred in the pressure records for the ducts., The initial poek is
. caused by the shock front. It is folloved by a gradusl build~up in
Pr¥ asure to & maximum which is controlled by the resistance of the
ve .t to the flow of air, Since the chamber volume is largely rola-
. tive to the cross-secticnal area of the duct, the chamber pressure
gages do not show any evldence of an initial peak but duild up grede
ually to a maximwn. The maximwn pressure as measured in the chagber
15 usually slightly higher than that measured in the duct as would
be expected from consideration of the flow conditions. The two
straight pipe vents gave approximately the same results. The vent
vipe containing the muffler gave better results than the straight
pipes, while the tvo vents containing the filters were the most ef-
. ficient, particularly the vent containing the closure device., A
Tirst glance ot the Swedish rock grille would indicate that although
1t 1s quite effective in preventing the entrance of the shock front,
it presents very little resictance t0 flow in the latter utages of
the test. However, it must be remcmberad that the duct in this
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chanber was 1T in. in &lameter while the other ducts were 6 in. in
diameter. The flow is throttled or impeded in its passage through
the duct by an amownt dependent on the configuration of the duct.
Throttling of the flow through a ventilating duct is cbtained in
part by the restriction in flow and in part by the obstacles or
baffles which are interposed. In other words, a 12-in. pipe will
permit considerably higher pressure to enter a structure than will
a 6-in. pipe. The most effective throttling device appears to Ve a
quick-acting blast valve. However, such devices are difficult to
make rugged enough for extremely high pressures. There is a ques-
tion, however, whether any type of throttling device except a quick-
closing valve will be suitable for exbremely long durations of pren-'
sure (39). (C)

For effectiveness against CER attack, ;bhe shelter
should be completely sealed. All vents, entrances, and exits must
be closed (20).

7 S ANy e F o e VY
—

Table XIII, Minimum Ventilation and Space
Requirements for Protective Structures (1)

Maximum  Type of Surface Floor  Volume

Ioeation Period of Venti- Area per Area per Content
Occupancy lation Pexson Pergson per Person -
(hrs) - (sq £t) (sa £t)  (cu ft)
Avove ground 3 Natural 50 6 80 .
Avove ground 12 Natural 60 6 - I
‘Below ground 3 Natural 30 6 50
Below ground 2 Natural 50 6 75
Avove or 3 None 75 é6 120
below ground 12 None 100 .6 350

The above figures apply to occupied space only; passageveys, sani-
tary arrangements, entranceways, etd., are not included.

Table XIII coutains recommended ventilation and space
requiremants, ,

[

ghelters not provided with collective protectors
should be used only by personnel who are t0 remain inactive during
‘occupancy. Since an inactive man requires about X cu ft of air per
minute, the capacity of unventilated shelters is limited. Initial
alr-space requiremonts for shelters for not over 12 men are 150 cu
£t per man (30).
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' ~ Afr locks sre. intermediate chambers between the qut-
side and inside of shelters. They allow passage into the shelters,

‘ while preventing interior contamination. The doors at each end of
the air lock usually are constructed with standard Ml gasproof cure -
tains. Details of the Ml curtain are available in ™ 3-350 (30).

4 oy 1 FS Yo %
jascop 3 13 ,A"’."???.";‘\\.’-’F&:u,ﬁ.,j: R v g
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. (C) A special tarpaulin has been designed to provide
& prefabricated item which when used to cover foxholes, litter
patients, ete. will furnish protection against CER attacks. It can
also be used over an entrance as & drape or curtain to provide pro-
: . tection against fallout. It is composed mainly of impervious butyl-
> coated fabric, but contains diffusion panels to provide filtered air
- safe for breathing and ‘o carry away carbon dioxide. Prefabrication
5 of the tarpaulin limits field installation merely to set up. ALl

field sealing is accomplished by burying the edges of the tarpaulin
- in the earth around the foxhole (41). {(C).

P T

YTy

In surface and cut-and-cover shelters, enough fresh
air usually is obtalned by keeping entrances open (30).

Unventilated shelters require the following minimum

. dimensions: floor area per persom - 6 sq ft, volume per person -
50 cu ft, surface aree per person - 25 sq ft.--Whichever glves the
least accommodstion should be the controlling factor. From the

. above, it will be seen that even vhen the highest recommended occu-
pancy is adopted, a shelter will be far from full, and shortege of
sccommodation and lack of orgenization of personnel may result in
some degree of overcrowding of shelters. A shelter designed for 50
people and having a floor area of 300 sq ft might in & panic be

packed to capacity with' 300 people. Such crowding could bring abdut
disastrous results (42).

o

Che i

Natural ventilation by the occasional opening and
closing of doors will not allow an adequate changc of air in the
shelter. Nor will it be practical to opea and close the emergencyh
exits to provide cross ventilation. Mechanical ventilation for
small shelters mpy be too costly in teyrms of the total expenditure
for shelter. Where economy and material become primary factors, &
reagonable solution to ventilation problems may be found in the use
of a few roof venta. When the several aspects of ventilation are
considered vith due regard for factors suchk as size of shelter, de-
gree of anticipated use, and length of time of expected occupancy,
; the decision is not one vhich can be stated gemerslly; but with the
; various points before him, the plsnner can reach his own solution.

. The factors which will determipe the amount of air necessary for a-
ghelter are floor area, surfuce area (wvalls, floor, and ceiling),
volume of the shelier, and number of persong sheltercd., Table XIV

gives mininum space requirements for providing reasonable comfort
in shelters (32).
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Table XIV. &Shelter Space Requirements:

Tocation Maximum Period Floor Ares Surface Area  Voiume

of of Occupancy  (sq ft{ (sq £t/ (cu £t
Shelter (hr) person person) person
Avove ground 3 6 30 50
Avove ground 12 & 60 75 ’
Below ground 3 .6 30 - 50
Below grownd 12 6 50 15

]
] Note: The above figures are based on occupied space only; entrance-
ways, sanitary arrangements, air locks, etc. are not included.

For a given pumber of pecrsons, the size of a shelter
is determined by three maln considerations, floor space, breathing
space, and heat. In regard to heat, the total surface area, floor,
ceiling, and walls, is the principal facltor; in regard to breathing
space, tue question is governed by volume of the shelter and the air
supply to it. Flcor space must be considered in relation to the pur-
pose and shape of the shelter. In small, private, domestic shelters
where the occupants wish to sit or sleep in comfort, a fairly large
allowance of floor space per head 1s needed. In narrow shelters,
such as trenches or tunnels, space for a gangway is important (33).

- The nutber of persons that can be accommodated in a
given shelter in safety and without distress depends mainly on the
following factors: the temperature to which air in the shelter is
raised during occupation, humidity of air 4n the shelter, the extent
to which air becomes charged with carbon dioxide, velooity of air
rovement inside the shelter, and the tenperature of the inner sur-
faces of the shelter. These factors depend, in turn, partly on the
heat, moisture, and carbon dioxide emitted by the people in the shel.
ter, partly on the prevailing weather conditions, and partly on the
characteristice of the shelter itself inecluding the provision, if any, *
for ventilation. A man in a state of sligat activity, e. g., sitting
down and talking quietly or playing cards, emits about 400 Btu per
hour and about 0.6 cu ft of carbon dioxide per hour. Since the spe-
cific heat of air is very low, the greater part of the heat emitted
by the occupants must be taken up by sand transmitted through the
valls of the shelter, unless high rates of ventflation can be pro-
vided. In most cases, the latter will not be possibvle; 1t is,
therefore, of utmost importance that the total surface arca of the
ghelter be adequate to transmit this heat at such a rate as to pre-
vent too great an.increase in temperatwre of the air in the shelter.

In order to assist this process of heat transfer, it is desirable
that the walls of the chelter should be of solid constructicn and
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b not made from materials of Iow thermal conductivity and low specific
heat, such as wood or asbestos paneling. Further, the walls of ag-
underground shelter, particularly if they are in contact with the
solld soil, are likely not only to have reasonadbly good thermal cone
; ductivity but also to remain at a fairly low temperature throughout
v the year (33). .

Ev Yhe concentration of carbon dioxide reached in the

F shelter in & given time depends on the presence or absence of venti-
lation and on the cubic capacity of the room in relation to the num-

. ber of occupants, Experience shows that with a mixed populationm,

T containing elderly people and children, the carbon dioxide concen-

R tration should not normally exceed 2 percent for any length of time,

C This condition can be met either by providing ventilation or by en-

suring an adequate amount of air-space per head in an \mventilated

shelter (33).
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[ y From the foregoing, it will be seen that the two overe

AR - riding considerations in deciding whether a particular shelter will

v - e Y ; accomodate a given number of occupants are: (1) thdt the shelter
Gy, has a pufficient emount of surface ares per occupant t-ensure dissi-

oy

AN

. . pation of bodily heat without causing too at an increase in the
. ; temperature of the air in the shelter; that the shelter either

y - has & sufficient rate of ventilation or ha.e 8 sufficient amownt of
. " air-space per occupant to prevent the carbon-dioxide concentration
" . : from rising above 2 percent during the contemplated period of occu-
TR 4 3 pation. It will be noted that the question of humidity has not been
Ry ‘ explicitly considered in defining these over-riding consideraticns.
This i3 because a resting man can tolerste a higher relative humidity
1f the temperature is not too high. The discomfort caused by high
v relative humidity sssociated with high temperature, or what amounts
to the same thing, a high “wet bulb" temperature, can, however, be
greatly uwitigated by providing & rapid rate of air movement. For
this reagson, the provision of internal fans in a shelter will grect- .
1y improve comrort sven in the sbsence of ventilation (33).
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* ' For unventilated, gas-tight, above- or belov-ground
shelters of normal dimensions, the total surfece ared required per

N pergon is as followa: 3-br ¢eeupation - T5 g £, 12.hr occupation -

¢ 100 8q ft. A normal) dimensionsl shelter has its length, width, and

height approximately equal. If the surface area relative to cubic

v capacity is abmormally large as for instance in narvaw trenches,
consideration of cuble capasity and air composition way become nore
{mportant than surface area and vice verea., The high pyoportion of

- surface area of a trench compared o0 the volume of air-space gives
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3 the trench shteltér & high relative capacity for heat sbsorption.
N This fact allows such trenches t0 be occupled with safety on a scale
'}: o vhich corresponds to about 25 8q £t of total surface area per
;".
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g. location. The following fundamental considerations
apply to the location of any protective shelter. Shelters should
be accessible to personnel who intend to use them. Shelters should
be located so as to provide protection against CBR agents, nuclear
weapons, and high explosives. Local weather factors, such as air
currents and prevailing winds, should be studied so that the shelter
is not located where high concentrations of toxic agenis may accumu-
late. Both terrain and earth texture should be studied in choosing
a8 location. Hillsides generally provide well-drained firm soil
vhich is desirable. The shelter should be underground if at all
possible (20). :

High ground generally will be preferred for shelter
sites because of better drainage. Care should be taken to avoid
location over gas, water mains, and subterranean construction.
Equally important is the fact that locations near or under hazardous
constructions such as tall chimneys, water tanks, tall buildings,
ete., must be avoided, Hazardous constructions could cause espe-
cially destructive debris loads (32).

h. Elevation. The elevation of the shelter with respect
to the original ground level is important, particularly so when the
shelter iz subjected to the effects of atomie weapons and chemical
wvarfare agents. Placing the shelter below the ground surface ternds
to increase the intensity of war gaeges which accumlate in low
places. Fragments and blast from H. E. weapons detonating on the
ground have little effect against buried chelters except for direct
hits. The opiimum placement of an atomic shelter is deep enough to
provide sufficient cover to protect against gamma rays and neutrons.
When a shelter projects above or partly above the ground surface, it
is particularly vulnerable to drag forces from an atomic explosion.

1. Radiation Attenuation Factors. The ettenuation of
prompt gamma radiation by any materiel is approximately proportionsl
to the density of the material. Therefore, the main construction
materials rank in attenuatior effectiveness in the following descend-
ing order: steel, concrete, soll, and tiwber. The averesge energy
of the prompt gemms radiation from a nuclear explosion 4s about 4.9
Mev. The necessary thicknesses of various materials to attenuate
gamma radiation of this energy by certain factors is contained fn
Table XV (2),

Attenuation of prompt gamma radiation which s epoen-
tially directional depends on slant thickness rather than on minimum
thickness of the shielding material,

Attenuation of neutrons frow & nuclear explosion ine-
volves several differeént phenomena. First, the very fast neutrons
must be sloved dowvn into the intermediate range; this requires a
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BE Table XV. Prompt Gemma Attenuation Thicknesses (in.)
E i Material Density ‘ Attenuation Factors :
E logfeu £t 0.5 0.1 0.0 0.00L  0.0001
P Steel 490 . 5 10 15 20
v Concrete Lk 6 17 35 52 T
& . Packed Soil 100 73 25 50 75 100
v rinber 34 22 70
{E »
L E - suitable scattering material, such as one containing barium or iron.
it E These neutrons must then be deceélersted into-the -slow-range by means
- . 3 of an element of low atomic weight. Water is very satisfactory in
N P i this respect, since its two constituent elements, 1. e., hydrogen
N N g and oxygen, both have low atomic weights. The slow neutrons must
h - then be absorbed. This is not a difficult matter, since the hydro-
R £ g gen In water will serve the purpose. Unfortunately, however, most
- g b neutron capture reactions are accompanied by emission of gamma rays,.
- k- ; . Consequently, sufficient gamma attenuating material must be included
5 - 8- to minimize the escape of zamma rays from the shield (2).
5’ u".:l %’ ‘In general, concrete or damp earth wonld represent a
S e ¢ . fair compromise for neutron, as well as for gamms ray, shielding.
N E Although these materials do not normally contain elements of high
;_’f: ¥ atomic weight, they do have a fairly large proportion of hydrogen,
SO, 3 in the form of water, to slow down and gapture neutrons as wvell as
2 % caleium, silicon, and oxygen to absorb géammwa radiation. A thicke-
Ky » b ness of 10 inches of concrete, for example, will decrease the neu-~
P k tron dose by & factor of about 10; 20 inches of congrete will pro-
.:‘- i ( vide a decrease by a factor of roughly 100. Damp earth may be ex-
N ; pected to act ina similar mauner (2). :
N M P '
\ b - % An adequate neutron shield must do more than atten.
. i uate fast neutrons. It must be able to capture the slowed down
o i * neutrone and to absorb any gamma radiation accowpanying the capture
N ¥ process (2).
N ! Estimated data on the attenuation of neutrons is
g X : " contained in Table XVI. '
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Table XVI. Neutron Attenuvation Thicknesses (in.) -

e A

\ * Material Attenuation Factors
o 0.5 0.1 0.01 0.001 0.0001
; % Steel 3 _ ‘

. : Concrete L 10 20 30 _ o -
- : f Water 9 . .
MRS . Wet Soil 12 2k 36 48
Eo N -. Soil 20 SR
B. . The attenuation of fallout gamma radiation by any ma-
y N terial is approximately proportional to the density of the material,
& The average énergy of fallout gamms radiation is O.T Mev. The neces-
ST - . sary thicknesses of various materisls to attenuate gamma radiation
g . 9 of this energy by certain factors 1s contained in Table XVII (2)..

R "r: k ! .
& e Table XVII. Gamma Fallout Attenuation Thicknessea (in.)
3 : Material Density Attenuaticn Factors
- (los/eu f#) 70,5 0.1 0,06 0.00L __0-000L
Steel koo - i 3 5 7 2
Concrete 1Lk 4 17 23 28
Packed Soil wo - 6 13 2 33 ko
Timber 3 17 37 62 85 105
J. Fallout Shelters. A shelter wsy be designed purely
i for protection against fallout. In this case, the cover support
vould be designed to support the dead load of the cover only.
! Since & fallout situation may ianvolve a shelter period of days,
! ventilation of the shelter becomes & critical problem.
For fallout protection, the quickest, cheapest, and

{ most effective emergency measure is the covered trench., The
trenches should be b ft to 6 £t deap and 2 £t to 3 ft wide. They
should be covered with corrugated metal, timber, or any other mate-
risl capable of supporiing 2 to 3 ft of earth cover (40).

i The attenuation factors for various structures ave

: contained in Table XVIII.
e .
?.h.
M An FCDA family-type sbelter, Fig. 16, semi-buried,
I with 3 It of cover and a closed cutrance provides au at.t.cm.atiou of
0.0002 (17).
§
8. _
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' Table XVIII. Fallout Protection (83): .~

g - ' ‘ —AtTenuvation

}_: Protection Factor

:C'. '

Wooden shed 0.65
. Wooden barn 0.50°

Frame house
Top floor 0.50
Ground floor 0.35
* ‘ Basement 0.05 - 0.10
Brick bouse
Ground floor 0.15
Basement 0.02 ~ 0.05
Subsyyface ¢0.01 '
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Psg. 16, FIDA ehelter.

(&} During Operation TEAROT, measurcrents vere made
on dummnies expescd to s contaminating radistion fleld., Table XIX
gives the jesults of these measurezents. '
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Table XIX. Intensity of Fallout Within Shelters -
Exposed to a Contaminating Field
Shelter Conditions
Estimated Dosimeter Open Wood 8lit  Slit trench with
Fleld Intenslty Type Area Shack Trench 3 ft earth cover
50-7% r/hr Chemical 300r .150r 125v
at 1 hour DI-60/PD  Lh15r  370r  250r
50-75 r/hr Chemicel  300r 150 small
st 1 hour DI-80/PD  6lor 260r 28y

These figures include prompt radiation doses and are for a T2-hour
exposure to the contaminating rield. (C) .

(C) A test was made to determine the amownt of
shielding provided by field fortifications located in unifovm fields
of gamma radistion. Several types of fleld fortifications vere conw
structed in a relatively smocth, grassy {ield and vere then sublect.
ed to gamma radiation from cobali-60 capsules distributed uciformly
over the field. Attenuation factors for the various fleld fortifica.
tions as indicated by tuls test are as i’buowa.

Proua aheltfer 0.0%
Ong~ nx two-aan foxhole 0.0),
Treneh - 0.0
Horseshoo-type emplacement 0.01

These figures hold true only vhen there {a no contamination within
the fortiffcaticn. If the fortification is contaminated, ihe in-
terior dose will be sbout SO percent of that outside. If kept un-
contaninated, such fortifications will provide at least 80 percent
t0 90 percent protection at only 6 in. belov ground levsl (W), (0)
(C} Sources of data (15, 46) on the military effects
of fMllout glve attenuation factors for vartous field fortilfications.
These factors are for fighting esplacements; however, they would be
conservative for shelters vhich would not have firing apertures.
The attomation factors are listed {n Table XX. (C)
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g’ i Tsble XX. Field Fortifica‘him Attennation .
- Factara against Faliout (C)
&
B
£ -
i ' " Estimated Attenuation Factqre
. % Fortification ' Jnmodified  Modlfiedlc)
& : -
[ Foxhole (8) i ' 0.08 0.02
. . Foxhole, ft Earth Cover 0.003 ©.002
¢ Foxhole, ll-@ Tt Earth Cover 0.0003 T 0.0002-
& Emplncement(b) 6' x §*, Open 0.25 0.10
. , Emplacement, 6¢ x 8', 1% £t Earth Cover  0.006 0.003
Emplacement, 6' x 8’, L3 £t Earth Cover 0.0006 0.0003

{a) Minimum dimensions - 2' x 34', 4* deep
(v) Minimum depth - &k £t

(¢) Modifications - Increase depth to 6 ft, not including drainage
sump, Plsce tarpaulin, shelter-half, etc. oo
& frame over open shelters.

045 frea S tmrae e RIS LR

Place spoil berm or sendbagging to height of
12 inches around perimeter of open shelter.

Extend cover overhahg of covered shelter.

Place protective curtains (ver entrance.

YT T e e Sy W OIS T e

An open trench 3 ft wide and 6 % deep has &3 atten-
uetion factor of 0.1 against fallout radiation (47).

o k. Construction, Emergency shelters will be constructed
by available mechenical and manual means. Mechanical equipment, &£
avallable, will make possible the most rapid construction of shel-

. ters. Equipment such as power shovels, dragline cranes, and back-
hoes could be used in construction of variable size ghelters. These
machines are very efficient in excaveting and in placing eaxrth cover
or heavy shelter forms. Scrapers and dozers can be used for excava-
tion of trenches although the large widths of the resulting trenches
may be undesirable. For example, the blade width or dozers vary

i from about 6 ft for the sr.:1l, L-ton doszer to about 12 £t for the

. large, 28-ton dozer. A typical example of a dozer excavating a vide

: trench is shown in Fig. 17. A bulldozer is preferred over an anglee

dozer. Scrapers are not an efficient plece of equipmant for con-

struction ¢f shelters since they are designed for shallow cute and
medium to long hauls,
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Fig. 17.

Dozer excavating a wide irench.

Mechanical trenchers ere very efficient in the exca-
vation of trenches. A military~type trencher is shown in operation
in Fig. 18. A typical trench formed by this equipment is shown in
Fig. 19. This trencher will form & trench, 2 ft vwide and 6 ft deep,
at the rate of' 100 £t psr 8 minutes in a non-rocky soil of reason-
eble consistency and strength., Commercial trenchers will excavaite
trenches of graater depth.

A truck-mounted earth auger {8 currently undergoing
testing by the Corps of Engineers. This equipment is shown in the
traveling position and in the drilling position in Figa. 20 and 21
respectively. It is capable of drilliing holes 23 ft decp with 41~
ameters varying from 8 in. to 6 ft. A 42-in. diameter hole drilled
by the auger is shown in Fig, 22, This equipment would only be of
value where a number of smsllecapacity shelters would be deoired,

. 1. Materials. Maoy structural materials , ilncluding
steel conerete, and wood, exhibit increased strength when subject-
ed to rapid rates of strain suck as vould occur when the material in
exposed to a blast wave. ¥For high rates of loading, the yield point
may be Incrcased 50 percer. or more over the value at lov yates of
loading. If ductile materials are used {n blast-resistant design,
it 18 possidble and may be desirable for economic reasons to permit
strains beyond the elastic limit (2).
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Fig. 22, Auger hole, 42 in. dia,

3 ' Mags is important in blast-resistant design since as
structural displacement taxes place, the various wasses undergs
large accelevations. Other things being equal, a heavy structure
vill usually withstand the actton of blast btetter than a structure
that {s less mnsaive (2).

Ei

ke

© When structural msterials ore chusen, 1t should b
barne in min® thet the energy absorbed by & strusture undergoing
v plastic defoimation can make aa important contr ibution to resist-
" ance to dynamic loading. Brittle materisls, e. g., glass, cast
{iren, ar’ unreinforced masonyy, camnot tolerate strains beyond the
. ‘elsstic limit without suilering failure.

e

B e

It is desiyrable in the construction of bearing \mus,
supporting floor, and roof systems to avoid the use of unreinforced
brick, stone, or block since they are vulnerable to relatively low
pressures scting transversely to the walls (2). -

gy e o e n

Metal and conercte pipe can be utilized efficlently
for emergency shelters because o prefabricated cover support, revete
rwent, and flooring are provided. Small pipe sizes can be used as a
prefabricated entranceway.

: Corrugated matal sheeting can be used as a cover sup-
port and as & revetting materisl yroviding it ic adequately braced.
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60
Wire screening and tarpaper can be used as & revet-

ting material providing it is sdeguately braced. Tarpaper will
fwrnish a certain amount of protection against soil moisture.

Corrugated metsl pipe half-sections can be utilized
as a cover suppori or & complete shelter support. Since this mate-
rial is nestable, it car be efficiently stored. IL requires fabri.
cation but can be placed by hand.

Sandbags and masonry blocks can be used for revetment,
but & certain amount of overexcavation s required {f they are placed
below ground. They are vulnerable to grownd shock and air blast.

6. Shelter Types. The types af emergency oy improvised shel=
ters vary with the amount of effort and material required and the
degree of protection desired. For the purposes of this report, the
types of shelters will be divided into shelters furnishing minimua
protection in the fagtest time and those furnishing maximum protec-
tion consistent with available materisl,

a, Simple Shelters. These chelters are readily con-
structed with a limlted amount of effort and expenditure of materi-
ale. They are effective against non-direct hite of H. E. weapons.
They are limited in protection against uuslear weapons and ineffec-
tive against chemical aud biological warfare agents. :

I (1) Prone Shelter, Prone shelters are used primar.

! 1ly in rear aress o protect men from bowd and shell frageents,
i , . They also protect against small arms fire. They are not as-ef-
' fective as foxholes. However, they con be dug quickly. The

2 prone shelter is normally 2 f% wide and 2 £t deep. The length -

i ’ 15 slightly longer than the hwnan body. , ‘ '

(2) Open Trench. Trenches should have & depth at
least exceeding the height of & tall man, 1. ¢., a minimun depth
of 6 ft 6 in. Dasirsble widths chould te 2 £t 6 in. at the
bottom and 3 £t 9 in. at the top. Hovever, the trench ghould
be excavated to 1ts maximum depth only for one-helf of its width
, while *he other half should be excavated 18 in, shallower. This
' will provide a ready-made bench to ceat personnel,

In order to localize the effects of an exploding
H. E. bomb, trenches chould be made not straight, but either
zigzag oxr traversed, with not more than 10 yd beiween angles
and traverces. Lines of trenches sliould be spaced at least 15
yd apart (48). :

In unctable soils, revetting of the trench walla
vill be nccessary and it is desirable eveu in stable solls since
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ground shock induced by blast mey cause walls ta collapse.

. This will necessitate overexcavating the trench in order to
provide space for the revetting material. The open trench is
effective against H. E. weapons except for direct hits and
overhead air detonations. The protection against nuclear weap-
ons is very limited.

(3) Foxhole. The foxhole serves as a combination
shelter and fighting emplagement. Ordinarily, a foxhole is
constructed in two sizes, one-man and two-man. Minimum dimen-
sions are: width - 2 ft, depth - 4 7t, and length - 3.5 ft
for one man and 6 ft for two men. The protection afforded by
a foxhole is approximately equal to that afforded by a ditch.
However, the canstruction time and cost per person sheltered
‘is much greater for foxholes than for ditches.

(4) Covered Trench., The diggiug of trenches asnd
provision of overhead cover is perhaps the easiest way to pro-
vide protection ageinst most weapons (42),

Desirable dimensiona are the same as for the
open trench even vhen the cover support is placed below the
ground surface. In this case, the whole trench is placed at
§ -~ ° the depth necessa¥y to maintain the interior heisht of 6 rt
.. : o 6 ia. minimum. .

. a
g 3;‘,:..-
-~ R S

: Ag&inat H., E. veapona, trenches pmvided with
overhead cover are squsl in protective value to wnderground
dugouts and galleries with the sams depth of oveshead cover (k8).

‘5‘..‘

'h
-

-

_ : The coveyed trench is very effective agalnst
— , auelear vespons. Its op:n entrance is the only apparent weake
.« , ness ageinst nuclear wespons when blast becomos eritical.

B =7,

- -

Beams utilized for the cover support chowld be
at least three timen the top width of the treach in order to
provide sufficlent bearing avesa on the sldes of the treach w
prevent colla.pae of the trench va.ua :

The cover over a covered treneh conatets of 3 e
minimwn of carth end a simple beam type of cover support,
Wooden logs or beams would be suitable. This watirial vould:
be supported by the earth sides of the trench.
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. b. Bpecial Shelters, Special ghelters require consider-
- ably more effort and expenditure of materials than do simple chel-
ters. They will, of couraz, furnich greater proicction than the
. sinple shelters. The design problem ls guite difficult and varies
congiderably with the elevation of the sheltes ftoel?, For this
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reason, the 'aesign of special shelters has been considered accbrding
to the relationahip between the shelter and the orig:h»l groxmd
surface.

(1) Surface Shelters. Surface shalters are eituated
entirely above the surface of the ground.,

Surface shelters are built only vwhen ground cone~
ditions prohibit construction of underground shelters and when
the situation permits expenditure of the necessary time and
labor (30)0

L S Ce

Pl e S | AJRA

The advantages of surface shelters are: they
are adaptable to unfavorable soil conditions; they are readily
accessible and may be evacuated quickly through an emergency
exit; the degree of protection may be increased by adding sande
bags or earth-filled timber crids to exterior swrfaces; they
~ are not(. e;xposed to intense earth shock from bambs exploding in
- earth (1

By .
L U A ¥ :’:

‘ The disadvantages of surface chelters axe: they ,
are subject to drag forces from nuclear weapons; they réequire -
a large quantity of earth cover as part of their protection;
the entrances are particularly vulnerable to nuclear weaponsj

nuity between roof, walls, sl ficor.

e (2) Burled Shelters. Buried shelters, inclulg
t their earth cover, arve entirely below the gurface of the ground,

- pmtectmu of the three d.asigns eonsidemd hare.

Elevauon of the ground wa.ter t.ahln wiu have
fmportant bearing on the question of vhether a buried ghelter
will bs used. Construction details of lmprovised shelters -
probably will pot imclude waterpmofins of the toterior of the
"shelter,

, Revemnt vill pmbahl,y be one of thc mm pmb-
} loms unless o pipe section ie used for a shelter.

{3) Semi-Buried Shelterse. Semi-buried shelters pro~
; Ject partly below and partly sbove the ground surfase. This is

i probably the most widespresd design to be ubilized because of

: - gavings in time ond waterisl., Thie design is efficient in pro-

tection and economical in expenditure of time and vatertial, It
usually vould require less construction than either of the other

specinl shelters primarily because the buried shelter would re-
quire greater excavetion and the surface shelter would require

& P It sy L dat e -
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stability of the structure requires & certain asount of oonu.. EEE

This is the most effective design. Xt will give the srea.teat .o i
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excavation from & borrow pit for its earth cover vhile the exe.

cavation for the semi-buried shelter furnishes the necessary
"earth cover.

Placing of this structural design eo that the
cover support, if flat, would rest jJust below the ground sur-
face would eliminate drag loading on any pert of the shelter
except the earth cover. Drag loading will be guite severe on
any portion of the shelter that protrudes above grade.

7. Atomic Test Bhelters. Following are descriptions of the
effecta of atomic weapons on personnel schelters. Emergency-type
shelters and other types of shelters which may contein data of
value in the design of emergency ahelters are included,

. {C) A type of outdoor family shelter was tested during
Operation TZAPOT. It was an above-ground, utility-type sheltew,
Pig. 23, whichk could be uged as a tool shed when not nceded as &
ghelter. The inside ficor dimensions were 6 by 6 4, and the in.

terior wag T £% high. All walle exaept the one with the door were |
€ in. thick. The wall with the door was 8 in. thick., The cutalde

ahelt.ers vere construgted of masonry bbek, premt reinforeed

/\/’*

Fig. 23. Outdoor family sheiter-utility ched.
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conc¢rete, or poured-in-place reinforced concreie. One of each of ..
the three types was tested at three different pressure levels., The
three types of outside shelters were subjected to the effects of &
30-KT weapon ¢n & 500-ft tower at d:listances of 2250, 2750, and 3750
ft. These utility chelters failed at 12 psi. Those at the farthest
distance would have been dangerous for occupants because of fajlure
of the interior door. The utility shelters’ d1d not reduce radiatiom
doses to an acceptable level. Fastening of the interior doors in am
open position would have eliminated the missile hazard to occupants.
Since a shelter's design criteria should be based on the effects of
any probable weapon and in view of high-level fallout radiastion froms
high-yleld weapons, it was recommerded that the concept of an above-
ground shelter of this type be dropped unless the shelter is rede-
slgned to include a large amount of overhead earth cover and s radf.

ation baffled entrance (35). (C)

: (C)} Underground personnel shelters, Fig. 9, vhich were
~ capable of accommodating 50 persons were alsoe tested during Opera-
tion TEAROT. These shelters were of reinforced concrete and includedt
a stalrvay entrance with two 90-degree bends and also an escaye hateli.
‘The entrancewvay included a blast-realstant door into the chelter .
propor apd & horizontal blast.resistant sliding door at the ground
surface. With the entrance and hatch closed, there was 1o damage
from 47 spd 92 psi or from thermal effects. The earth cover vas §
£t 6 4n. deep. Attenustion of gamma radiation was grest, Eight-
thousand -five -hundred rosntgens Just below the 6l1ding door was ate
© fenusted to less than lr within the shelter proper. On another shot,
. 25,500r just ineide the sliding door vas attenuated to 1 to 2r vithin
. the shelber proper. For the initial ekot, 2.87 x 101t foat neutvone/ont
ai the curfaes was attenuated to 1.72 x 10U neutrons/ce®. There was.
" no measurement of slow veubrons.. The ‘fest neutron radiastion incids
was equivalent to 10D yoentgen equivalent mon {rem). For the later
abot, 1.53 x 1032 fast neutronsfom at the curface was attenuated to
.01 x 10% neutronsfen2. A slow neutron surfgoe intensity of 3 x 1013
N e lov neutrousfer® vas attenuated to 2.33 x 105 neutronsfes®. The fest
W - ' . andd slow veutron interior doses vere equivelent to 250 rem snd 19 rem,
| respoctively {35k () | : g

, {(C) Shelters of the same design, Fig. 9, were alio tested
with the doors and eccape batches open but partielly obstructed to
goter olr into the chamdbers slowly. Tite chelter vas divided lato
swo chaxbers by & reinforsed conerete wall. The chamber into vhich
the eccape batch entered was referred to as the “slow-fill™ roon,
ant the other charber vag referred to as the "fast-fill" rooa,

Gamma vadiation measuresents vere highsr than in the closed shelters.
The radiation intensity at the first 90-degroe bend in the entrance
- wae 16 times as great as it was in the closed shelter for the initial
ghot. The reduction must be attributed to the ehielding aiforded by
the concrete sliding door that vas used to seal the structure. Even
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though the éntrancewsy was opem, it vas effective in reducing gaome -
. radiation to & general level of about 25 to 35r in the fagt-fill
- chanber. The area directly under a ventilation pipe received about
110r which can be attributed to radiation scatter at the pipe. The
intensity of gamma radiation in the slow-fill side varied from a
high of sbout 530r directly under the escape hatch opening to 65r at
. the diagonslly opposite corner, The radiation gradient in this cham-
. ber plus the generally higher level of radiastion when compared with
the fast-fill chamber can be attributed to the amount of radiation

- Spitn

1 £ scatter from the escape hatch opening. The second shot involved a

X 3 o higher gamma intensity. The intensity at the first 90-degree bend-

" in the entrance wos three times as great as it was for the initial
3 shot. The dose within both chambers was twice as great as 1t was

for the initial sghot. The fast neutron dose within the fast~-fill
chamber was 4 times as large as it was in the closed shelter for the
initisl shot. The total neutron dose for the later shot in the open
shelter as compared with the closed shelter was & times and 12 times
as large for the fast-fill and slow-fill chanbers, respectively.
Thermal effects within both chasbers from both shots were limited.
3 The fur of experimental animals was singed only. Tbermal energy
within the shelters was apparently heated air rather thac reflected
. themal rays. The measured peak temperatures varied from 150 to
. 350 €, but the duration was very short. The large rvatio of interior
exoss~section to doorway or hatoh aperture caused 2 yapid c¢ooling of
- the heated air. The surface overpressure of AT psi from the initial
_ shot vas reduced to 26 to 37 psi within the fast-fill chembey and 2
to T psi within the slow-f1ll chasber. The suriace overpressure of
02 psi from the second shot was veduced to 6% to 74 psi within the
fast-f111 chanber and 22 poi within the slow-f41l chasber (35). ()
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(C) Comparicon tests were conducted on covered and uncove
ered trench shelters, Fig. 5, at Operation TUMBLER. The trenchen
vare 2" ghaped with the middle or main portion being 25 to 30 £ -
long end 24 to 26 in. wide. The avms of the shelters were the en.
trances and varied from 8 to 11 £% in longth and were dug to & depth
: of 2 ft at their outer edge and sloped to the level of the flsor of
. the main trench. The depths of the main portion varied from 5 to 6

£, The covered trenches vere covered by 2 ft of earth vhich was
supported by 2- by 12-in. vood planking that overlspped the sides of
the trench by at least 2 £t. Different shojes of the cover were
provided for comparative purposes. The trenches were constructed at
various diptances frum ground zexo. The weapon was the noninal or
20 K. Protection against gumma radiation varied considerably with
distense, e. g., the attenuation foctor for the covered shelter, 3 N
sbove the floor, was 0.1h st 625 £t from ground zero vhile that at
Lo2S £t was 0.012. Attenuation factors for the uncovered $remch st
3 £t from the vottom were 0.18 and 0,07 for 625 and k925 ft, respec-
tively. In comparison with the 3-ft level in the covered trench,
attenuation at the 18-in. level was 50 to 100 percent greater, 4, e,
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-0.09 and Q.006T at 625 and 4925 ', respectively. Test results -

showed that the esrth mound forming the cover should be chaped broad
and flat. The peaked mound of the covered shelter at one position
wvas greatly lowered while the flat, low mound formed from the spoil
of the uncovered shelter at that position was only slightly altered
by the blast., Test results indicated that the 2- by l2-in. cover
support was capable of withstsnding 15 psi overpressure. No meagure-
ments were made of thermal radiation, but it was estimated that the -
thermal effects within the shelters were negligivle (28). (C)

(C) Tests were conducted during Operation BUSTER to eval~
uate the protection afforded by foxhole~type field fortifications
againgt the nuclear radiation from atomic weapons. Standard fox-
holes, as described in FM 5-15 (30), provide considerable protection .
from the nucleer radiations emitted during an atomic detonation.,

The standard two-man foxhole will receive only one-eighth the amount
of gamma radlation at the bottom as received at the top of the
foxhole (49). (C)

(c) Three types of commumnal shelters were tested dur. .g
Operation UPSHOT-KNOTHOLE. Shelter 601, Fig. 8, consisted of a U8-
% concrete pipe 90-in. I. D., buried 3 ft with one end closed; the
entrance was from s single ramp parallel to the axis of the pipe,
Shelter 602, Fig. 7, consisted of one 2b.ft gection of 90-in. Y. D.
corrugated metal pipe and one 2b-f{ section of 90-in. I, D. concrete
ripe, buried 3 £t vith one end closed; the entrance was fram a
double remp parallel to the axis of the shelter. Shelter 613, Fig.
2k, consisved of a 12-f% section of 90-in. I. D. steel pipe placed
above ground, covered with 3 £t of sendbags and mounded earth (3%). (T)

{C) Shelters 601 and 602 were subjected to the effects of
an 18-KT weapon st 1500 ft. The meesurements inside the shalters
gave attenuation factors of 0.000% and 0.000L for gamma rays and neuw-
trone, vespectively. The exterior ganma dose was 17,000r. Dosoges
near the doorvwsys were nigher then those within the balance of the
ghelters and were considered to be due to scatiering from the entrances
vays {34). (C) :

(C) All three shelters vere subjected to the effects of
a 32-KT weapon. Shelters 601 and 613 were 2300 ft from ground zero,
vhile shelter 602 was 2600 ft from ground zero, Gamms radiation
vithin 601 and 602 was very near the minimun measurable level, eo
the attenuation frcoctor of Q.0002 may not bte reliable., Attenuation
factors from these choto are not believed to be truly representative
of a situation vhere the shelters would be located close to ground
zero under an air burgt. It ip belleved that under these conditions,
the gamma attenuation factor would be of the order of 0.C05 rather
than the 0.001 observed during these tests. Gumns radlation within
shelter 613 ranged from 1600r in the closed end %o 3500r nuar the
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) Fig. 24, Shelter 813 )
open end of the helter, The attenuation fuster wes ¢nly 0.1, It
ig believed ipst the sandbage not only josied rediziion but that
they vere partly desticyed by heat mid klzet beforz ap appreclabls
fraction of ize total radistion dose hed been delivered: (3%). (@
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{€) Anotrer ghelter was tested during UPSY L -XNOTHOLE
sgainst the effects of a 6O-KT weapon &i » slant listance of 1800 f£t.
This shelter was similsre to shelter 602, %, e., 1t consisted of a
24Tt section of 90-in. I, D. corrugated mets) pipe and & 2h-ft sace
tion of 90-in. I. D. concrete pipe, dburied 3 £t with one end closad}
the entrance was from & douvle ramp perpendicular to the axis of the
shelter. The essentisl differsnce betwren the two shelters 1c the
orientation of the entrauccways. The gama dose within the shelter
varied from €50 to 3000r,the highest near the entrance. The wittenua-
tion factor vsried from 0.001€7 to 0.02. The attenuation factor for
peutrons was 0.00545 with an internal dose of 3 x 109 neutron/zg cm

(15). (C)

(¢) During Operation BUSTER, the AEC conducted a test of
a communal shelter. The structure, Fig. 4, was made of 90-in. I. D.
pipe, 48 £t long. Half was concrete pipe, reinforced, centrifugally
cast, T-3/b in. thick; and half was corrugated iron, 10-gauge, ingot
iron nultiplate. Each end opened into a double ramp, reinforced
conarete adinining the concrete pipe snd steel adjoining the iron
pipe. Tue steel ramp wes made of 10- and 12-gauge corrugated sheet
end structwral sieel. H2:th cover was 3 ft thick over the concrete
pipe and 3 ;¥ & in. over the steel pipe, mounded about 2 £t sbove

grade and sloped about 1 in 10. The test shot delivered 9 psi and
. 13,000r to the shelier at ground level. Damage to the shelter from

blast presswre was negligible. It consisted of a permanent deflecs
tion downward of less than 1 in, Hinor tension crackas developed in
the Joints and the top and bottom of the concrete pipe. No damage
vis observed in the metsl plpe sections. The measured intensity of
gomma radiation at the center of the shelter was Tir. Some of this
vas possibly due to scettering through the epntrances. Even though
thermal energy &t the surface vas 60 calfsq cm, there vas ne evidence
of theymsl effects on fiva pieces =f lumber distriduted along the
sxic of the shelter floor (22}. (G} -

(¢} The second shot delivered &% psi and 33,000 rosatgeus
to the shelter at ground level, Damsge o the shelter Trom blast
pressure ves sgaln negliglble except for vemoval of o ¢considerable
amount of earth cover. The measured intensity of gemma radiatien at
the center of the shelter vas 260r. Some of this was possidbly due
to geattering through the entrances. Thermal energy at the site vas
160 eal/sa em {22). {(C)

(CY The third shot delivered 25 pst and 70,000r to the
shelter at ground level, Damage to the gheltery proper was light,
consinting of further settlement and enlargezont of the existing
cracks and Joints. The mounded earth cover was rewoved entirely by
the blest vave, and the site vas leveled., The ramp cntrances wera
heavily demsged. Earth svept into the ramps Ly previous shots and
occupying 20 to 30 percent of the gheiter entrunge opening caused
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" lower pressures insile the shelter in comparison with those from the
second shot. The measured intensity of gamma radiation at the cem- . -
. ter of the shelter was 375r. Thermal energy at the site was 220 calf
‘ sq cm. A wood plate between the top of the displacement gauge and
the concrete pipe was charred, but a similar wood plate used with
the displacement guuge in the metal pipe was not charred (22). (C)

g T w'w"’;‘ﬁ'f‘”“&fﬁﬂ'ﬁ?ﬁlwyﬁv””fw" ‘

R (C) Gomms measurements indicated the effectiveness of the
shielding materiale, The slan® path through the meterials consoli-
dated around the cirsular shape gave cbvious shielding advantages -

. over a flat shelter roof with cover of uniform thickness. The in-
crease in intensity of radiation near the open ends, however, clear=-
ly dictated the peed for baffling or shielding against scatter- -
radiation. The observed thermal effects iniide the shelter follcw-
ing the second and third shots were unexpected. However, no measure-
ments were made, and the possible effects on occupants are unknown.
The shelter provided structural resistance against physical damsge
from overpressuves and, it is believed, against wind drag. Reflected
pressures, varying from 25 to 45 psi, withiu the shelter were always:
larger than surface overpressures. Dynamic pressures within the

shelter caused small movements of dummies made of burlap bags, saw-
dust, and soil (22). (C)

N GO i 0T Kb
1 e e I I g A T AT LA

(C) At Cperation RANGER, a number of foxholes were tested
for effectiveness against gamma radiution. There were three types
of foxholes tested: s prone shelter, one-man foxhole, and two-man
foxhole. The prone shelter was 2 £t deep, and the foxholes were 4
ft deep. Camma measurements were at 12-in. and 24-in. depths in the
prone shelter and at 16-in., 32-in,, and 48-in, depths in the fox-
holes. The test shots were 1-, 7-, and 22-KT wespons exploded at
I 2000-ft altitude., The measurements gave variable results. The doses
: at 48 inches in the two-man foxheoles were as follows: 400 yd from
: ground zero, 3 to 18% of the surface dose; 800 yd, 10 to 22%; 1200
: . yd, 10 to 11f; 1600 yd, 12 to 23%; 2000 yd, 11%. The doses at 32

inches in the two-man foxholes were as follows: L4OO yd, 7 to 1h4;
800 yd, 7 to 24h; 1200 yd, 9 to 17%; 1600 yd, ih to 25%; 2000 ya,
‘ 15%. The doses at 16 inches in the two-man foxholes were as follows:

- koo ya, Sp; 800 yd, 16h; 1200 yd, 5 to 2%%; 1600 yd, 1T to 20%;
2000 y&, 1%/. Doses within tne prone shelters were similar to thoge
within the two-m.n foxholes, i, e., the doses at 12-inch and 24-inch
depths in the prone shelter vere, respectively, slightly greater and

: slightly smaller than the doses at the 16-inch depth in the two-man
) foxhole (50). (C)
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1 ' IIL, LISCUSSION

8. Veapons Effects. An evaluation of the effects of weapons
will be made, and a criticel level for each effect will be brought out.
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T0
’ a. H.E. Weerons. It is apparent that in tbe design of
improvised shelters, it is both unnecessary and uneconomical to pro~-
‘vide bomb-resistent protection against H. E. weapons. These shelters
would not be of strateglic impcrtance. They would not be operations
posts; therefore, the loss of any one shelter would not cause & com-
plete operational breakdown. Providing protection against blast and
fragmentation from a near miss of a specified tomb should be ade-
quate. This amount of protection would be effective against direct
hits of small artillery shells and small aerial bombs such as in--
cendiaries. The thicknesses of various materials necessary for pro-
tection against blast and fragmentation as specified in the investi-
gation section, Table IX, is an acceptable design level. If amn earth
cover is included, a shelter deslgned for atomic blast would possibly
be able t absorb the effects of direct hits of medium-size, e. g. »
105-um, H, B, shells.

b. RNuclear Weapons,

(1) Blast. Drag forces are of such overriding im-
portance as to demand that shelters be either placed below
ground. level or streamlined with soil sloped no more than one
in two. Assuming suck provislon for drag forces, then pesak
overpressure is tke design problem. Open shelters need not be
designed to withstand pressure above that which a human can
withstand., The range of such pressure is highly controversial.
However, it 18 estimated that 35 psi or more is required for
! internal physical damage due to ecrushing. Eardrum rupture
l pressure is estimated as being about 20 psi., Hence, desige
! ~ pressure for an open shelter need not exceed 30 psai. Protec
| tion sgainst higher pressures will demand a closed shelter;
|
|

N e N ek MM 0
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this would involve a fundamental change in design.

Cost data for different levels of blest protec.
tion suggest the follcwing relative figures for a 100-person
shelter: 1C-psi blast protection, $30 per person; 25-psi blast
protection, $55 per person; 100-psi blast provection, $330 per
pergon, The data suggest that if dlast protection above 25 psi
is desired, it is wiser to design for 100 psi than to accept,
say, 50 psi. These figures are based on the 1957 dollar (29).

! (2} Thermal. The intensity of tkermal radiation for
design purpcses is rather indefinite. The amount of thermal
energy reflected by a soil is estimated to vary from a negligi-
; ble quantity to as much as 15 percent. If this maximun figure
' is correct, persomnel in foxholes or open “renches woum be
safe only against a maximum Intensity of 20 cal/cm which would
, cause first-degree burns on unprotected parts of the body. If
the negligible quantity is correct, persunnel in foxholes or
open trenches would be rafe against as much as 200 cal/eme.

oF PR s e . e

SN SN byt s Ak AaNes e o i Aeve A

Do e el e e vrvmgn



R a0 R B & o

t“l- e L

F AP S N

e

3

s T T Yooy o

ca P aaiies

e A

The correct figure for reflectance is probably bhetween thz tuo.
extreme s but nearer to the negligivle quantity. Assuming ac-
ceptable injury as first-degree burnus equivalent to & mild sum--
bwn, then the design level for open shelters would be sbout
100 cal/em®. The scattering which occurs on slightly hazy days
may make this figure too high.

If the entrance is orlented so that no direct
thermal radiation enters it, the amount of thermal energy re-
ceived in a covered shelter will be negligible. If the entrance
faces the detonation, two turms in the entrance will de suffi-
cient to reduce reflected radiation to a negligible amount ex-
cept in those cases where outside thermal energies of several
thousand calories per sq em occur. However, in many instances,
heated air will be driven into shelters by the blast wave.

Thias heated eir may attain a temperature of several hundred de-
grees centigrade but will be of short duration.

(3) Genma Rays, The permissible interdor intensity -
of gamma radiation is somewhat indefinite. It could vary from
less than lr to a probable maximum of 100r. The FCDA and AEC
shelter tests indicate a desire to limit interior dose to less
than 10r. For military perscannel, a higher dose level is probe-
ably acceptable. Permissible interior intensity of gamma redi-
ation will be discussed further in a succeeding paragraph where
multiple prompt effects will be considered. Examination of .
shelter tests show that, except for overhead bursts, a struc~
ture buried 3 ft and incorporating proper entrance design will
attenuate gamms radiation by factors varying frem 0.001 to 0.0

(4) Neutrons. The permissible intensity of neutron
radiation is indefinite. Apparently, the intensity of neutrons
is equal to or greater than the gamma intensity for weapons of
25 KT or less. This will be covered further in a succeeding
persgraph where multiple prompt effects will be considered,
Examination of shelter tests show that, excopt possibvly for
close-in bursts, a structure buried 3 £t and incorporating
proper entrance design and orientation will attenuate neutron
radiation by factors varying from 0.005 to 0.000L. However,
attenuation factors for total neutron doses were given in only
two {nstances, end in these instances, the attenuation of neu-
trons was 173 to 1/5 the attenuation of gemma rays. Oue thing
that should not be forgotten is that whatever the acceptable
nuclear radiation dose, it has to include the total of neuirons
and gamma rays. The chemical composition of the earth cover is
eritical as regards attenuation of neutrons.

(5) Multiple Prompt Nuclear Effects. In desigoing
ageinst prompt nuclear weapons effects, it is obvious that the
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effects have to be considersd in multiple. A comparison of thg;._ :-,_;f%':_ .

" various radiation effects from verious size weapons for three

levels of overpressures have been made in Tables XXI and XXIX.
The initial table conslders effects from typical air bursts
vhich cause maximum blast demage, while the second tsble con-
siders surface bursts which cause maximum rsdiation dumege.
These two extremes show widely separated effect intensities.

A large city would be & likely target for a typical air burst,
vhile a small target would be most likely hit with a surface
burst since blast effects at great distancas are not necessary. .
Examination of Teble XXII for surface bursts shows that for 30-
psi blast pressure, radlation totals are quite critical up to
100-KT weapons. At the 10-psi level, the neutron dose is criti-
cal up to 50-KT. Above this size, the blast loading becomes
critical. However, surface bursts of large nuclear weapons are
not likely to cvecur except when fallout is the desired effect.
At the 20-psi level, there 1s somewhat of a balance between
blast effects and radiation effects. Thermal energies are
eritical only in the megaton range., Examination of Table XXX
for typical air bursts shows that blast 1s the critical effect
for weapons in the megaton range. None of the other effects

in the megaton range are important with the possible exception
of thermal energy. Neutron intensity is high over all three
overpressure ranges for the small weapons, 25 KT or less., A%
the 20- end 30-psi level, neutron intensity is also important
for 50- and 100-KT weapons, Only when the weapon size varies

“from 100 KT to 1 MI' does gamma radiation becowe 1mportant and

even then only &% high overpressures.

Obviously, in designing a shelter against promupt
nuclear effects, a decislor has to be nade as to a probability
of weapon size, height of detonation, and expected ground zero.
If the personnel to be sheltered are located on the outskirts .
of a large city, then the nuclear weapon will provably bve a
large one detonated at optimum blast height. If the personnel
are located at a small base or lnstallation, then the weapon
will be in the small-to-medium range probably at or close 4o
the ground surface. This again brings up the problenm of accepte
able dose. If 100 rem is ecceptable, then a buried sheltey
could protect against a minimun of 20,000 rem of neutron or.
60,000r of gamma rays or a combination of both. If ir is a
maximum acceptable dose, then probably a buried shelter would
protect against a maximum intensity of 10,000 rem of neutrons
or 30,000r of gamma rays or a combination of both. According
to the teble for surface bursts (XXII), the nuclear radiation
at the 30-psl level is too great to Ve attenuated for 50-KT or
less-gize weapons wiless 100 rem is an acceptable dose. A look
at the table for typical air bursts (XXI) shows that attenuation
of nuclear radlation is possible for all size weapons even when
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& lov allowable doge is necessa.ry.' These data demonstrate that-
no flat Intensity figures for design purposes can be stated. -
.An examination of the situation has to be made, and toleration
limits of blast and nuclear radiation have to be established

also. If weapons which cause high neutron yleld are considered,
then the attenuvating ability of the shelter has to be increased.

(6) Fallout. gxamination of the data on fallout
shelters discloses that a semi-buried shelter with a closed or
filtered entrance will attenuate fallout gamma energy by a
factor of 0.0002. A buried shelter would be even more effec~
tive. Fallout intensity is difficult to predict because of
such variables as weapon size; type of weapon, distance away,
wind direction, and wind velocity. The intensity of fallout
varies vith time. One source (2) states that fsllout decays at
a rate so that at the end of one hour, 56 percent of the infin-
ity dose has been received. Assuming an allowable total doge
of 125r of fallout gamma, then a buried fallout shelter could
eagily protect against a fallout intensity of 650,00Gthr at
1 hr. This inteneity is, of course, extremely high. Such a -
‘buried fallout shelter will protect against surfasce bursts of:
megaton weapons (2). In short, buried shelters can be desigued .
't.hat vill. prot.ect against any antlcipated level of fallout..

“¢. Chemical Warfare Agents. Siuce uechanice.l venti.lation

for emorgency shelters will not usually be provided, the protection

which they can afford aguinst war gasse is limited. Closure of venta
and entrances with protective curtains vhich will provide filtered
ventilation will suffice for a short time. However, thesa filtration
curtatne will reduce freshening of the air in the ghelter and will -

" 1imit habitation time. Against geses which are dangerous only if ,
.. inhaled, it will not be necessary to filter air through the entrances
it personnel are provided with the protective gas mask. The gas mask -

“would be sufficlent ageinst inhalation gases except in instances of

very high concentrations. If the gases encountered are of the blige

| ~ ter, blood, or nerve type, protective clothing will also be necessary.

If the shelter is provided with mechanical, filtered
ventilation, then the only necessasry requirement is that a sufficient
rate of intake be maintained to provide a positive interior pressure,
For shelters without mechanical ventilation, the minimun concentra-
tion to be considered would require protective curtains over the en-
trances, It would probsbly be desirable to consider strong intensi-
ties of reasonable lengths of time which would require gas mugks end
protective clothing.

d. Blological Warfare Agente. The problem involved here
is very similar to the one involving gas warfare., For shelters with.
out mechanical ventilation, the minimum intensity to be considered
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would requfre vrotective curtains over the entrantes. It would
probably be desivable to consider intensities of such lengthe of
time that protective masks end protective clothing may be required.
If the shelter is provided with mechanical, filtered ventilation,
then the only necessary requirement iz that a sufficient rate of
intake be maintained to provide a positive interior pressure.,

g. Shelter Design Components. An evaluation will bve made of
each itenm considered pertinent in the investigation section.

&. Earth Cover. Test results definitely show the valus
of earth cover. The many advautages of earth cover over shelters
far outweigh costs of excavaticn and placement. Among these advant-
ages are: structural mass increase, absorption of blast energy, at-
tenuation of nuclear radiation, protection sgainst fragmentation,
modification of aerodynsmic shape of the structure, and buttressing
effect. The inerease in mass 15 important for short-duration loads.
However, for long-duration loadings, it apparently is not significant.
There is considerable reduction of drag forces on tue sides of a
structure when the earth cover is gradually sloped. Froper placewment
of soil will modify the aerodynsmic shape of the structure and will
tend to prevent removal of the cover by drag forces. For this pur-
pose, side slopes of the earth cover ghould be very gredusl, probably
no greater than 30 degrees; otherwise, lary: quantities of cover may
be removed by the blast wave exposing the shelter to nuclear radia-
tion. It 1o important to remember that attenuation figures are gilven
for compacted earth, Uncompacted covers may require as much as $0
percent greater thicknegses for radiation protection. A coupacted
cover 1s more stable and less subjoct 4o wind removal.

To sum up, earth cover should have sufficient thick-
ness for nuclear rediation attenvation and gradual side slopes for
reduction of blast effects. The ideal streamlined form of earth
cover would be smooth and level with the surroundipg ground surfece
with the shelter completely buried. The ususl design may compromise
this feature becsuse of other factors such as water table or cost of
excavation. Other things such as borax and water for neutron atten-
uation may be sonsidered.

b. Cover Support. There are no data for correlating dy-
namic blast loading and equivalent static loading for decign of emer-
gency shelters. For this reasoun, precise design procedure 48 not now
possible. Nevertheless, it is possible to make a few pimplifying as-
sunptions and arrive &t a practical design procedure that will satis-
fy wost requirements and still sfford efficient use of materials.

In this respect, it ig helptul to nolw luat radlation
wvill dictate massive earth cover as a practical feature for attenua-
tion. This much of the load on structyral elements is, therefore,
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predictable. Massive cover will make tde structure slow to respond
to blast loads. Thus, for open shelters designed to withstand no
more then 30-psi overpressure, it is safe to assume that internal
pressure will rise to equalize external pressure before the struc-
ture can move sufficiently to develop the full lcad of blast. It is
safe, therefore, tn design such a structure to support its earth

cover as a load dropped from zero height; that is, with a dynemic
load factor of only two. .

Closed shelters present atother problem. This same
procedure would be acceptable for closed shelters if only short-

- duration pressure pulses were considered (one quarter second). Meg-

aton wveapons produce blast pressure pulses of long duration. In

cage of attack by a megaton weapon, the pulse of blast pressure wiil
be of such duration that inertia of the earth cover will be overcome. .
Structural elements will be subjected to the full load of peak over-
pressure, plus static load of the earth cover, plus dynamic load im-

" posed by movement of the cover (dynamic load factor of two). Al-

Lhough this over-simplified approach ignores many factors affecting
blast load on a structure, it will afford safe deaigna with reason-
able efficieney in use of materials. = . '

*

An emergency shelter that would develop plastic
failure without collapse would be ideal in that it vould repreaen%
most efﬁuient use of atmtuml elementa. N

An example of & deaie;n dete.il based on the foragoins

1) Emple Calculation of Roof Timbers for an Open utmeture.

GiVen: An open shelter with a rcof span of 6 £t,. Redlation
and othz,r factores require cover of § ft of uncompacted
T08/2¢3 s0l1. Overpreosure resches & waximum of 30 pai..

s FT. e
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Problem: Dezign roof stringers. ' T

Solution: For an open structure, the atatic load condition
is usually eritical, since pressure vaves can enter
en open chelter and somewhat cancel out the full
effect of overpressure. Yor the dynamic load con-

% dition, use a dynamic load factor of two. Consider

f a section of roof 1 £t wide and 6 £t long. Treat

this as s aimply supported, uniformly loaded beam.

e & FT——|

LI e AL

Case I: ‘etatic load
v=losdperinchorbeam : o
=5 x 1 x'zo#/fr.Somin/ftaaga#/m. -
Sa M -f 8 = mrking stress (Table thII)
- M = maximun bonding moment
¢ = beam thickness (h) ¢ 2
I « momeut of {nertis
1 = length of bean
w2 g a(72)®
Hegre i'su-
N = 18500"F

th3 123 L
xmi-a—ﬂ-u —"ﬁ“‘"hB bwaMVIdth,
1 = beanm height

S = 1750 psi for suulliern yellov pine  See Table XXIII

18900 b . 18900
X
R R L)
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/  Gase I¥s dynamltc Yosd -

. o V = 2(statie load) = 2(29.2) = 59.4f/1n.
M 59:4(72)2 . 37 800 tn. #

8 = 8600 psi Impact bending proportional limit for
southern yellow pine. (See Table XXIII,)

aéooaﬂllg-"lg-; 12 = 2.2
- L
2,30 > 1.483

therefore, static load coudition is critical.

S0, specify lumber of standad size next sbove 2.32 iuches thick;
24 inches rough or 3 inches finished. :

_(2) Example Calculstion of Reof Timbers for a Closed Structurs,’

Given: A olased structuse with a roof spen of & ft. Radia-
_tion and other fectore require cover of § £ of uncoms
pacted, TOf/1td soil. Overpressuse resches a maximus
of 100 psi. o , - -

£ A S ey

Problem: Design roof stringers.

- Solution: For a closed structure, the dynamic lcad condition
is usually critical, since no pressure waves can
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. enter the shelter. Consider a sectdon of raof, -
1 ft wide, and 6 £t long. Treat this as a simply

supported, uniformly loaded beam.

s GFT ——————
T T T

Case I = Dynamic Load

valoadperinchofb‘

= 100022) + 2 ﬁgﬁ}_m = 1259.4 §/in

S w % 8= Impmot bending proportionsl.limtt for
- . -souther yellov pine.

He 5 N » maximun bending mmnt
¢ = beam tmckneaa (h) e 2

I = mopent of Ine;ftju
1 = loagth of deam

.-.‘“ 8153@‘ ’

&= 8600 Xmpaot bemnng gmportmm a.lmit for
' southesn yenmt phse. :

o0 L B1S,000 B o .
86&)0 *"-hsgma b w UT.»

h e 6,88"
Case II Static Load
' v--SzleOplzn 39.‘2_

2 -2 A 2
N = _ ™ 18,900”} .

§ = 1750 = vorking stress for yellow pine
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£ b = 2,32"
L\ 6.88° » 2.3
' ? therefore dynamic loasd condition is critical.
% ) So, specify luuber of ziandard size next_‘ahove 6.88 inches thick;
k 7 inches rough or T4 inches finished.
E " : Table XXIII. Practical Working Stresses for
“é = ' Certain Common Structural Materialsks .
“ Design impact Bending  ULtimabs
_ Material Working &t Proportional Btress
3 : ’ Stress (pst)  Limit (psi} {vsi)
: )
3 Wood: ) :
3 ‘Douglas Fir {(Coast) 2,000 9,800%
Southern Yellnw Pine 1,750 8,600
t Hemlock, Bastern 1,466 o 7,&
f,;« " Spruce (Sitka) - &, k686 8 o
Alumimm _ : nee o . - 25,050
% Note that vood can be Bressed Witk higlmr unﬁﬁr mpai:t loads
- than under static leads.

vl

¥ Wood Hendbopk, Weshington: u. 8. Foreot Service, Departaent of
- Agricultung, Jume LOWO. . o :

f

G e

. For covered trenches, the cover support should be &
. signed as a simple beam although 1% aotuslly would be 3 partly .
_ strafned beam. The bean should overlap the trench on caok side &
» - udount at least cQual to the trench width. Widths of covered
trenches should not be great, probably less tkan S_f%. If the ln
conditions or soil conditions are such that there g Ikely fallu
of the trench walle, then a mothod of transferring the load to th
trench botton {5 uccessary. In thia cage, the post-qup-gtringor
cotbinotion {6 suitable, It {3 a good solution fur the special t
of sheltor aleo since it rendily adapts to & continuous design.
This design also provides bracing for revetment,

c. Revetment. In most caues, the decleion hao 0 be
© . made locselly as “to whether revetment 1o necesoary or not. The ue
: for revetmeont depends on ground conditions and weapons effects.
‘ , Foacing revetment 15 preferable to the retaining-wall type since |
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-«:gzx-a less excavation and can usually be made sironger. Facing
r=vetment has to be adequately braced, preferebly at short distances,
say o4 in. One-in. timber sheathing is satisfactdry provided it is
adequately braced. Many materials of lesser gtrength will be suit-
able in some cases, Chicken wire, with burlap or tarpaper, or metel
‘sheeting are examples of sultsble material. Bracing could consist
of 2- by bk.tn. timbers or metal pickets driven into the soil at the
floor. It may be necessary in some cases to provide bracing for re-
vetment across the width of the shelter at top and-bvottom. It 18
. probebly desirable, if feasible, to connect the revetment to the
cover support. This will inecrease overall strength of the structure.

. gt vy TEMTT
TR N A R Y TR

DT TR T

Transmission of blast pressures through soll is &
little understood that no design theory can be stated for ravetment.
One source recommends that vevetment be designed for 15 pemfen of
the dynamic load on the cover sunpor* stmet.ure.

d, Entrances, The enz'r*abr'f- 8 &n f»x*»*vaﬁely imm}rtant
part of & shelter. The design of blast-resistant doors is oot &
part of this report. However, in sode zibustisna, a blagh door msy
- be necessary, In this csse, the door zhoni% ve placed ab the beglne
ning of the e—ztrance«sa:;f 85 that 3%.7i5 subjected to sideon Blast
pressure only vether 3 ‘;u_mvw& pressure vhieh- Semid ocour AL
the door verz derev vifhin & long entransesay. Oos fum chould be
tnoorpavaisd inia the é"i’i‘tf"?&‘l@iz,}y betveen b door wnd the shslter
proper sz sz iolsiisivate the nissiie Bazaxd 47 the door falls. If
‘doors or em‘*t&iaé%'—,_*’f;?‘ R rrp«a‘”icn ara hss*‘alied, these could bve-

s g rem -

come wiasiles also. Tney rosulis have indicated that two Yo~degree -
LUrng &0 NOUSsey ;-; m protasiton asain 3t nuclear and therm.

B MX&\.%}»\ o

If COR curtainé or doors are necessary, they should
© be fnstallad in patrs, preferably with one turn between tham to re-
: duce the pousibilily of mlssiles parforsting the protective material,
’ © Atcess to A chelter could censiat of four different methods: verti-
cal ladders, cloping ramps, etalrways, and tuspels., The vestieosl
“Yadder would be utilized with a borizontal tunnel. «type enbrande.
: ‘The ramp-type cntrance would be utilized by itself or in conjuncilon
¥ith a chort borizontal tunnel-type section., Slope of the ramp
should be no greater than ) fn b, Stalrvay slope showld be no
greater than 2 in 3. A surfasce shelter would employ a horizontal
tunnel-type entrance, while a deeply buried shelter would employ the
ramp or lotng stalrvay-type entrance. A semi-burfed shelter would
; ‘probably employ the ladder or chort ctalrvey type in conjunction with
a horizontal tunnel. Economics will probably govern, although case
: of entry will be important. The ramp vill pernit ibe most rapid en-
' try, vhile the laddss vill be the slowest. Whatevsr the means of
access, Lt ghould be almost entirely coversd so as to restrict the
entry of radiation W the beglnaing aperture only. Earth cover over

by v s e -
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g £ the entranceway is a decided benefit since it will reduce the entry .
: 5 of neutrons and gamma rays into the shelter proper. -Since'wind drag

is so detrimental to entrances, it may be desirable to place the en-

trance aperture below ground level even for surface shelters if
possible.

3 IR e,

As much protection should be incorporated into the
walls and roof of the entrance as in the revetment and cover support
of the ghelter proper. The essentlal difference between the two
gsections of the shelter would be cross-sectional area since the en-
- trance would probably be quite esmaller.

LR TNs
—
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The dimensions of entrances depend on what will enter
the shelter, One source gives minimum dimensions of width, 2 £t 6
in., and height, 5 ft 6 in. This will accommodate stretchers for
rescue work. Another source states that an emergency exit should be
capable of permitting the passing of one person by cnother. Thess
dimnsions seem acceptable although the size given for ar emergency
exit, a pipe of 3-ft diameter, could be acceptable for a main en-
trance if speed of entry is not essential. The important thing to
.- vremsenber is that for protection against nuclear weapons, the smaller
L S the open entrances cross~section, the better the protection afforded.
o - Small entrances may presens a ventilation problem under extended oc-
cupation, -8ince leugtlh of an antrance wiil greatly alfect total con«
etrction effort, length should be as short as possibie.consistent
vith necesgary protection. The slopes of ramps end stairvays my -
necessitate longer lengtis. R "
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The net,essify of chergeiey exity is questlonable.

Thf*y were deemed neceseary for protection agaivst H. B, weapons in
“World War XX, but vhethor they are nscesssry for nualesr warfere ig -
in doubt, - If they ere similar to the maln entrance, they will fun-
ecrease the intensity of muny detrimental effects inside the shelter.

. A preferable design would be one silmilar to the type incorporated
into the FCDA grouap shelver; 4. e., a section of the cover swpport
would be capable of being removed frow the inside snd the enarth

. cover vould fall into the shelter.

The plan of the cntranceway can vary, although the
usual plan will be roughly similar to a "Z.® Orientation of the
entrance can be extremsly important. If a probable ground sero for
8 nuclear weapon is known, the beginning epertuwre of the cntrancewey
showld face evay from ft. Nuclewr effects will probably be maximize
inside the shelter if the entranceway faces the explosioan.

©.  Blast Walls., The value of this item lo limited %
H. B, weapons since pther items asccorpiish the same purpese for
nuclear shellers. In the present situation, it is apparent that
. this item should be eliminated.
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f£. Ventilation and Capacity. It is apparent that shel-
ters should be designed for a practical maximm of 50 persons with a
practical minimum of 10 sq ft of floor area per person, A minimuom -
floor space per person is given as 6 sq ft for 12-hour occupation,
while another source suggests 20 sq ft for two-week occupation.
However, occupation duration will probably fall between the two ex-
tremes, For unventilated shelters, the most critical items will be
surface area and interior volume. The apparent minimum surface area
per person isz 25 sq ft, while 100 sq ft is preferred. Surface shel-
ters require more area per person than buried shelters. A shelter
of equal dimensions, i. e., in the form of a cube, would require the
greatest surface area per person while a long trench shelter would
reqrlre the least area. The necessary surface area varies with dura-
tion of occupation, 1. e., the longer the stay the greater the need
for surface area. The data suggest that a surface area quantity of
100 sq f% per person be ertablished for emergency shelters, except
for a long trench shelter which would probably require no more than
50 sq ft. This would allow for extended occupation times. Protec-
tive curtains which will permit some exchange of air are desirable,
Vents in the roof will also improve habitability of the clkeiter by
providing some air exchange. Test results irdicate that these de-
vices will permit the entry of some nuclear effects but if properly -
desigued wiil not admit them in dangerous amounts. The smrller the
diameter of the vent, the lesser the entry of nuclear effects.
Therefore, small diameter pipes, 6 ir. or less, should be used in

© multiple rather than larger sizes lp lessey quantity. In one in-~

stance, simple, €-in. vents reduced the peek exterior overpressure
of 21 psi to an initial peak of Ll pei and a maximum sustained
pressure of 8 psi tnside the sbeiter. Installation of blast clo-
sure valves in the vents ie deslrable., Xn this case, s larger dlum-
eter could be employed. Venis will admit neutruns and gamna reys
and; to a lesser eatent, thormal enecgy. %Therefore, persornel
should not be located directly helow vents. Veuts showid incorpor-
ate & horizontal section at the top to prevent satry of fallout par-
ticles from ebyve. These devices should be quite strong elnce many
have failed under buclear tosting.

Under natursl ventilation conditions, an air quantity
of 6 cu ft por hour per psrson s considered necessary. The condi-
tiong of this quantivy are that a roof vent be provided and that the

oA ! deor or closwie device be cccaslonally opened for exchange of air.
.;.-:. . : Data on ventilation contain some disparities. Dimensions are vari-
. SR . . uus skhelter shapes and different totals of personnel are contatned
»w o N | in Table XXIV.
' T ) In considering the several aspects of ventilation

< with due regard for fectors such as number of personnel, shelter

o ' shape, expected occupancy time, climatic conditions, elevation of

shelter, etc., the decision 18 not one which can be stated generslly,

.
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reach his oun solution.

Table XXIV. Shelter Spa.ce Requirements

o g T E e e F kR
,‘ ""f'?"vg‘:‘ A R
t

Fo.Tof Suggested Dimensions Surface Area* Volume
Fer- Floor Plan (££) Per Person Per Person
sonnel Width Tength Height {sq %) - (cu ft)

10  square 10 10 10 6o

S 10 short rect. 5 25 6 61 15

long rect. 3 Lo 6 15 T2

20 square 15 1s 10 52 - 112
20  short rect. 10 20 7 R 70
20  long rect. 5 ko 7 51 70
50  square 23 23 15 ho 150
50  short vect. 10 50 9 by 90

long rect. 5 100 1 50 T0 .

L3

T

7

100

o
-
o

. Botes: Miunimum floor area, 10 sq 1 per person.

. Minimum volume, 65 cu ft per person. :

Winimum mrfa.ce ares, for square plan, 50 sq ft per person;
' rectangular plan, L0 sq £t per person.

,.,.v“,.,..»,ﬁ--'-,&-w,-'c*ww""ﬂvﬁ“ e, - IR RN

# Burface area is equal to total of areas of walls, floor and ceiling

8. location. location of the ehelter can be oritical.
Certainly, it siiould not be subjected to debris loads from nesrby
structures. Lov spots are ordinarily not desirable bYecause of CER
effects and drainage prodlems although they are of value against
prompt nucleay effects. Generally speaking, low apota should not be
selected., Shelters should be placed for ecase of constyruction and
i vithin access distsnce. Xocations over underground utilities and
: subterranean constiuction must be avoided. Weather copditions have

. to be considered for defense agailnat sttacks. Stable soll condition
are desirable,

ey £ rpting T
L

v

Against prompt nuslear effects, maximvm protection
vill be obtained 1f the shelter {8 orfented so that {ts wain axis s
perpendicular to the line of blast. If & probable ground zeyo is
kaown, advantsge can be taken of this fact.

h. Elevation. If soil conditione permit, the shelter

- should be placed beiow the ground surfage for optimum protection.
Chemical warfare presents the only increaced effects hazavd to
buried shelters. Shelters should be placed on the surface only wher

absolutely vecessary. Econoaie contitions may require pemi-buried
chelters.
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t. Radiation Attenustion Factors. The. attenuation of . -
nuclear radiation is a fairly definite ttem except for neutrons.
Hot enough data exist for accurate figures on neutron attenuationm,
Table XVI. Chemical composition of the soll cover is the governing
factor in the attenuation of neutrons. Another pertinent thing to
remember is that the attenuation of prompt gamms rays, Table XV, de-
pends on slant thickness of earth cover while the attenuation of -
neutrons depends on minimum thickness. The attenuation figures
given are for uniform fieid conditions; 1. e,, there are no side
3 effects. However, these conditions will rarely exist. Earth cover
25 in. thick over a foxhole L ft deep would reduce prompt gamma by
a factor of 10, but an open foxhole will reduce prompt gamma by a
factor of 8 at the bottom; therefore, the correct attenuation
factor for a foxhole with 25 in. of earth cover is 0.0125'rather
than 0.1. For surface shelters, there would be essentially no side
effects and the attenuation factors would be correct as given in
Table XV, For buried or semi-buried shelters other than foxholes,
attenuation will vary with depth and the top area. The ettenuation
provided by buried or semi-buried shelters is considerably greater
than the depth of the earth cover over the compartment.

P O Al

J. Fallout Shelters. Ghelter for protection against
fallout requires only that s sufficient amount of attenuating mate-
rial be placed between personnel -and the sowrce of radiation to re-
duce it to a negligible amount., A semi-buried shelter represents
the usual compromise between economy and protection. However, the
value of placing & shelter below the surface must not be {guored. .
Overhead cover is of prime value during fallout. Xn a post-fallout
situation, sufficient cover is required to attenuats radiation from
particles directly overhead. The greatest hazard, however, exists
at the ground surface. The best protection sgainst thie hazard is
achleved by placing the shelter below ground - belov t.he “plane ot
maxinun - mdlat.lon. . 4

et e b bt o . e s 4

k. Coastructlon.. Savings of time and money can be rea-
1ized by maximum utilization of mechanical equipment. Equipment cen
be used especlally for excavations, placing backfill, and haundling
large shelter sections. A major pard of the oounstrustion of emer-
gency shelters will have to be done by band. No attempt has been
mad2 to determine construction times and costs since they are sub-
Jeet W v wmauy variadles. Among these variables are mterials,
equipment, soil conditions, akill of perconnel, etc.

e A t— - =1

1. Materlals., In gc‘meml the desirable matesrials fopr
emergency shelters should exhidit the folloving characteristics:
stréngth, ductility, and resiliency {n structural components and
massiveness in the cover. Unrednforced masonry is not recommended
ag a structural element. Steel, tinber, anl concrete are desiradle
structural materials. S5o0i) and ruck are excellent cover materials.
The important thing s to fully utilize avallable materials.
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10. .Shelter Types. An evaluation of the different shelter
types aad weapon effects against which each shelter type is effec-
tive is presented In the following subparagraphs: :

a, Simple Shelters. The best types of simple shelter
in terms of protsction, time, material, and cost would be open and
covered trenches. The foxhole is an improvement over the trench
) only in a tactical situation. As a shelter, it is only slightly
more effective than a trench and requires considerably more effort
per man. The open trench would be advantageous at a great distance

. from a probable ground zero. None of thegse is effective against
chemical and biological attack. .

The covered treanch is definitely the most effective
simple shelter. It can be closed fairly easily to provide sddi.
tional protection ageinst fallout and chemical and biological war-
fare. It has its limitations, particularly with respect to blast.
Since the cover support rests on the sides of the trench, blast
strength of the shelter will be limited by soil strength unless
suitable revetment is provided. The interior dimensions of a cov-
ered trench are such that there is negligible attenuation of hlast

. ' entering the shelter chamber. Results of nuglear tests irndicate
that this shelter should be limited to providing protection againat
maximum blast pressure of 20 psi and low neutroa intensities.
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b, Speeial Shelters. Test results indicate that the
greater the depth of burial of a shelteyr the greater the protection
afforded. For this reason, vhenever maximum pmtect.ion is desired,
the buried shelter is preferred.

It is apparent that the surface ahalter ahould be

used only vhere ground conditions make it the only practical type.

Such shelters are parvicularly vulnerable to atomic blast and pu-

. clear radiation. Proteotlon against dreg force requires that the
roof, wvalls, and floor be one coatinuous structure,

. . A long, large pipe section will provide an excellen:

. buricd shelter framework singce LY provides both lateral and vertical
s support. Entrance deaign will be greatly affected by depth of place.
H ment of the buried shelter. The buried chelter ia the only one of

practical design suitable for protection againet high-intensity ef-
feats of nuclear weapons.

o b, ey

Wherc cconomy of time and materia)l is important, the
preferred design vill usually be the gemi-buried chelter. The necess
sary excavation for this shelter vill fuimish part and sometimes all
of the nceded earth cover. The shelter decign will vary from a situ-
ation vhere only the earth cover projects above the ground surface
to a situation vhere as much as S0 percent of the revetment projects
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above the ground surface. In the design of semi-buried shelters,
as test results indicate, continutty ahould be pmvided betnen ;;;--
revetment and caver support. -

v, concxmmns‘
ll. Ccmclusions. It is’ concluded that'

"a. Weapcns effects data are availnble 1n enfﬁcient dee
tail for general design purposes subject to the limitations set
forth in the following conclusions. =

b. Acceptable limits for exposure of perscnnel to the
various weapons effects remain to be established. .

¢. The design of cover support or framework is ot a
precise process because of insufficient data on the effect of earth
cover on blast forces and insufficient data on the design of struce
turea against dynamic loads, :

d. The deaisn of revetment. is not L) precise process be-
cause of insufficient data on the transmission of shock woves
through soil. : .

e, -Shelter entrances are quite vulnerahle and themfare
important. .Their design merits. careful atteantion..

f. 'I'here is a need for additional data on minlmm esaen-

tial ventilation required for cheliters whore extended aw tines arxe

involved. .

g. Optimum protection is obtained when the aheltcr ls

~ placed wholly below the ground surface.

h. The attenuation of nuclear radfation, except for
neutrons, s sufficlently understood for design purposes. Addtitional
data are necessary before attenuatiasn of neutrons can be moumtely
computed.

i. The desiygn of shelters for fallout protection pmm.:nt’a.
no provlems except for the aforementioned need for additional venti-
lation data.

J+. The covered trench shelter ic the optimum type of
chelter vhen costs, conetruction time, and protection are considered,
provided sotl conditfons ayre mat prohibitive, ,
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When apecial shelter designs are necessary becanse” -

k.
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shelters are preferred.
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Technology, July 1951. (CONFIDENTIAL-RESTRICTED DATA)

GIR 3.1-IXX, Operation CREENHOUSE. Massachusetts Institute of
Technology, August 1951. (COMNFIDEHTIAL-RESTRICTED DATA)

WI-8, Operation GREENKOUSE. Alr Force School of Aviation
Medieine, December 1951. (SEGRET-RESTRICTED DATA)

WT-21, Operation GREBNHOUSE. Los Alamos Scientific laboratory,
December 1951, (SECRET-RESTRICTED DATA)
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WI-201, Operation RANGER, Ios Alamos Scientifte Isborstory, -
June 1952. (SECRET-RESTRICTED DATA)

Wr-302, Operation BUSTER-JANGLE. Sandia Corporation, March
1952. (SECRET-RESTRICTED DATA)

WP-362, Operation BUSTER., Office of the Surgeon General, Dept.
of the Amy, June 1952. (SECRET-RESTRICTED DATA)

WI-367, Operation JANGLE., Armed Forces Special Weapons Project,
March 1952. (SECRET-RES‘RIC'I'ED DATA

WT-387, Operation JANGLE, Office of the Chief of Enginecers,
October 1952. (SECRET-RESTRICTED DATA)

WI-391, Operation JANGLE. Techn!cal Operations, Inc., June 1952.
(SECRET-RESTRICTED DATA)

WI'-395, Operation JANGLE. U. §. Naval Radiological Defense
Laboratory, Aprii 1952, (SECRET-RESTRICTED DATA)

WT-39G, Operation JANGILE. National Institutes of Health, June
1952, (SECRET-RESTRICTED DATA)

wr-528, Operation GNAPPER. U. 8. Naval Radiological Defenss
laboratory, April 1953. (SECRET-RESTRICTED DATA)

WI-529, Operation SNAPFER. National Naval Medical Center,
February 1953. (SECRET-RESTRICTED DATA)

WI-555, Operation TRMBLER-SNAPPER, o8 Alemos Sclentific
Laboratory, June 1952. (SECRET-RESIRICTED DATA)

WI-720, Operation UPSHGT-KNOTHOLE, Naval Research Laboratory,
December 1953. (SECRET-RESTRICTED DATA)

WI-795, Operation UPSHOT-KNOTHOLE, Naval Radiological Defense
Laboratory, September 1953. (SECRET-RESTRICTED DATA)

WT-801, Operation UPSHOT-KNOTHOLE. Federal Civil Defence
Agency, October 1953. (CONFIDENTIAL-RESTRICTED DATA)

1TR-901, Operation CASTLE. Armed Forces Special Weapons
Pruject, September 1953, (SECRET-RESIRICTED DATA)

ITR-906, Operation CASTIE. Sandia Corporation, May 1954,
(SECRET-RESTRICTED DATA)

TIR-9LL, Operation CASTLE. Ballietics Research Laberatory,

Aberdeen Proving Grounds, May 1954. (SECRET-RESTRICTED DATA)
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K- 87. ITR-912, Queration CASTIE. Signal Corps Engineering Laloratortes,
% May 195%. (SECRET-RESTRICTED DATA) :
¢ 88. .IM-913, Operation CASTIE. Signal Corps Engineering Laboratories,
May 195%. (SECRET-RESTRICTED DATA) -

s 89. ITR-915, Operation CASTLE. Naval Radlological Defense Laboratory,
B , May 1954. (SECRET-RESTRICTED DATA) - -

b 0. ITR-916, Operation CASTIE. Chemical and Radiological Labora-

i tories, Army Chemical Center, May 1954. (CONFIDENTIAL-

: RESTRICTED DATA)
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3 91. ITR-919, Operation CASTLE. Stanford Research Institute, May

¥ 1954. (SECRET-RESTRICTED DATA)

i 92. ITR-1106, Operation TEAPOT. Stanford Regearch Institute, May

! 1955. (SECRET-RESTRICTED DATA)
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; 93. ITM-1116, Operation TEAPOT, Naval Research laboratory, May 1955.

: (SBCRBT-RESTRICTED DATA)

9%. ITR-1121, Operation TEAPOT. Chemical and Radiological Labora-
torit;s, Army Chemical Center, May 1955. (BECRET-RESIRICTED
DATA
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95. TIR-1124, Operation TEAPOT. Aeronautical Research Laboratory,

Wright Alr Development Center, May 1955. (COHFIDENTIALe
RESTRICTED DATA) .
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96, TITR-1126, Operation TEAPGY. Office of the Chief of Engineers,
May 1955. (SECRET-RESTRICTED DATA)

. 97. IIR-1130, Operation TEAPOT, Bureau of Yards and Uocks, May 1955.
(SECRET-RESTRICTED DATA)

' . 98. ITR-1162, Operation TEAPOT. GSandia Corporation, April 1955,
: (SECRST-RESTRICTED DATA)

99. ITR-1167, Operation TEAPOT, Civil Effccts Test Group, April
1955. (SECRET-RESTRICTED DATA)

100. 1TR-1180, Operation TEAROT., Sandia Corporation, June 1955.
(CORFIDENTIAL-RESIRICTED DATA)

101, ITR-119%, Operation TEAPOT., Federal Civil Defense Agency, May
1955.

A 102, ITR-1195, Operation TEAPOT. Federal Civil Defense Agenty, May
! 1955. _ ‘ : L
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TID-90Ck. (Bth Rev.). Osk Ridge; Termessee: U. S.. Atomic:

}

Energy Commission, November 1955. (SECRET-RESTRICTED DATA)
; 10h. AFSWP Lo4. Armed Forces Special Weapons Project, August 1953.
105. AFSWP 508. Armed Forces Special Weapons Project 195k,
T ) po Ject, May
106. AFSWP 805. Armed Forces Special Weapons Project, August 195k,
(SECRET) . ~
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GIOSSARY OF TERMS .

MEANING

A particle emitted spontaneously from the
nuclei of some radioactive elements, ‘It is
identical with a hellum nucleus, having a
mass of four units and an electric chavge
of two positive units.

The ratio of interior intensity of nuclear
radiation to the exterior intensity. It is
usually expressed as a decimal but occasion-
ally as a fraction.

A charged particle of very small mass emit.
ted spontaneously from the nuclei of certain
radioactive elements. Most (if not all) of
the fission fragments emit (negative) beta
particles. Physically, the beta particle

is identical with an electron moving at
high velocity.

A pressure pulse of aly, accompanied by
vinds, propagated continuously from an
exploeion.,

The minimum waps of' & fissionable matexial
that will just maintain a fission chain re-
action under precisely specified conditions,
such as the nature and thickness of the
tamper (or neutron reflector), the density
{or compression), snd the physical shape
{or geometry). For an explosion %o oceur,
the system must e supercritical, i.e., the
mess of material must exceed the critical
mass under the existing conditions,

A scaling law applicable to many blast
phenomena. It relates the time and digte-
ance at which a given dlast effect is ob-
served to the cube root of the energy yleld
of the explosion.

The force on a structure during the passage

around and envelopment of the structure by
the blast wave.
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Drag losding

Dynamic Pressure
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K {total or accumilated) quantity of
ionizing (or nuclear) radistion. The+ term
dose is often used in the sense of the ex~
posure dose, expressed in roentgens, which
is a measure of the total amount of ioniza-
tion that the quantity of radiation could
produce in air, .

As a general rule, the amount of ionizing
(or nuclear) radiation to which an indivi-
dual would be exposed per unit of time. It
is usually expressed as roentgens per hour
or in multiples or submultiples of these
units, such as milli-roentgens per hour.
The dose rate is commonly used to indicate
the level of radicactivity in & contami-
nated area,

The focrce on an object or siructure due to
the transient winds accompanying the pass-
age of a blast wave. The drag pressure is
the product of the dynamic pressure and a
coefficient vhich is dependent upon the °
shape (or geometry) of ite structure or
objeat,

The air pressure which results from the
mass air flov (or wind) behind the ehock
front of a blast wave. It s equal to the
product of half the density of the alr
through vileh the blast vave passes and the
square of the particle (or vind) velocity
in the wave as it impinges on the abject or
structure.

The action of an earth cover by which the
live lcad over a siruciure roof is diverted
around tke siructure thru the surromnding
soil, 1. e., the soil over and around the
roof forms an arck tarough the intersction
of tke soll particles. This vould occur
only wvhen the depth of cover is equal to or
greater than tke rcof span.,

Tie stress renge in wiaicY a material will

Tecover {ts original form when the force
(or loading) is removed, Elagtic
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MEANING .

e -

deformation refers to dimensional changes
occurring within the elastic range.

The process or phenomenon of the ¥all dack
to the earth's surface of particles contan-
inated with radioactive material from the
atomic cloud. The term is also applied in
a collective sense to the contaminated
particulate matter itself.

The process whereby the nucleus of a par-
ticular heavy element splits into (general-
ly) two nuclel of lighter elements, with
the release of substantiasl amounts of ener-
g¥. The most important fissionable materi-
als are uranium-235 and plutonfum-239.

The process witereby the nuclei of light
elements, especially those of the isotopes
of hydrogen, namely, deuterium and tritium,
combine to forw the nucleus of a heavier

element with the release of substantial
amounts of energy.

Electromagnetic rediations of high energy

© originating in atomic nusled and accompanye

ing many nuclear veactions, e. g., fission,

"radiocactivity, and neutron capture. Fhysi-

cally, gamma rays are identical with X.rays
of high energy; the only cassential differ-
ence 18 that the X-rays do not origluate
from atomic nucled but are produced in
other waya, #. g., by sloving down (fast)
electyons of high energy.

The point on the surface of land or water
vertleally Velow or above the center of &
burst of @ nuclear (or atomic) weapon;
frequently abbreviated to G4. For a burat
over or under vater, the term surface zero
should preferably be used,

The time required for the activity of a
given radicactive specics to decrease to

half of ito {nitinl value due to redio-
active decay. .
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The thickness of a given material which
will absord half the gamma radiation inci-
dent upon i{t. This thickness depends on
the nature of the materisl-{t is roughly °
inversely proportionsl to its density- and
also on the epergy of the gamma rays.

The height above the earth's surface at
vhich a bonb is detonated in the air, The
optimm height ef burst for a particular
target {or area) is that at which it is
estimated a weapon of a specified energy
yield will produce & certain desired ef-
fect over the maximum possible ares.

The product of the overpressure {or dynamic
pressure) from the blast wave of an explo-
slon and the time during vhich it acts at
a given point. More specifically, it is
the integral, with respect to time, of the
oberpressure (or dynamic preasure), the
integration heing between the time of ar-
rival of the hlast wave and that at which

" the overpressure {or dynamic pressure) ve-

turns to rero at the given point.

Electromsguetic radiation (gamma rays orx
X-rays) or particulate radiation (alpha
particles, beta particles, neutrons, etc.)
capable of producing lons, %, e., electiri.
cally charged particles, directly or in«
directly in its paseage through matter.

A wit of energy commonly uged in nuclear
ghysics. It is equivalent to 1.6 x 10~
ergs.

The energy of a nucleer (or atomte) exploe
sion vhich {¢ equivalent to that produced
by the explosion of 1 kiloton (1. e., 1,000
tons) of TNT, 1. e., 1012 calories or

L.2 x 10°19 ergs.

The principle of building up a boem or roof
in lsyers rather than using colid members.
Ag used herein {t does rot refer to & true
lamina because the {ndividual layers are
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HEANING

spot fastened with nails rather tha.n being
glued.,

Abbreviations for median lethal dose.

The force on an obJect or structure or elie-
ment of & structure., The loading due to
blast is equal to the net pressure in ex-
cess of the ambient value multiplied by the
area of the loaded obJject, ete.

The amount of ionizing (or nuclear) radia-
tion exposure over the whole body which it
is expected would be fatal to SO percent of
a large group of living creatures or organ-
isms. It is commonly (although not univer-
sally} socepted, at the present time, that
e dose of about 450 rosntgens, received _
over the vhole bedy in the gourse of a few
hours or less, is the median lethal doge
for aumss beings. )

The energy of a nuclear (or atomse) explo-

~glcn which is equivalent to 1,000,000 gons )

{or 1,000 kllotons) of TRT, 1. e.,
calories or b.2 x 1022 args. :

A unit of energy cormonly used in nuclear

thysics. It 1s equivalent to 1.6 x 10°0

_erga. Approximately 200 Mev of energy are

produged for every nucleua t.hat undergoes
{iasion.

A neutral particla, 1. ¢., with no electri.
cal charge, of approximately unit ocass,
present in all atonic nucled, except those
of ordinary (or light) hydrogen. Neutrons
are required to initiate the flssion proce
ag8, and lavge nuzbers of neutrous are
produced by both Tission and fusion reag-
tions in nuclear {or atomic) explosicns.

A term, nov becoming obsolete, formerly
used to Aescribe an atomic weapun with an
energy releace equivalent to 20 kilotons
(1. e., 20,000 tons) of THT. This vas ap-
proxizately the energy yield of the bozbe
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Ruclear Redistion

Nuclear Weapon (or
Bomb)
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explcded over Japan and :in the Bikini tests
in 1ghé6. T

Particulate and elegtromagnetic radiation
emitted from atomic nuciei in various nu-
clear processes. The important nuclear...:
radiations, from the weapcns standpoint,
are alpha and basta particles, gamma rays,.
and neutrons.

A general name given to any weapon in which
the explosion results from the energy re-
leased by reactions involving atomic nuclei,
either fission or fuslon or Boih. Thus, the
A (or atomic) bomb and the H (or hydrogen)
bomb are both nuclear weapons., It would be

" equally true to call them atomic weapous,

since it i3 the energy of atomic nucled
that 1s involved in each case. However, 1%
has become more or leas customary, although
it 1s not strictly accurate, to refer to
weapona in which all the energy resulis
from fissivn &8 A bowbs or atomic bomba.

In order to mike a distinotion, those weap-
ons in which at least part of the energy
results from theywonuclear (fuaion) reac. -
tions among the isotopes of hydrogen have
been called H bowbs or hydrogen boubs. .

The traansient preaeure, usually expressad
in pounds per square inch, exceceding the
azbient pressure, manifested in the ghock
(or blast) vave from an explosion. The
variation of the overpreasure with time
depends on the energy yield of the explo-
sion, the distance from tne point of durst,
and the medium (n vhich the veapon s deto-
nated, The peak overpreasure is the maxi-
mum value of the overpressuwce ab a glven
location and 1o generally experienced at
the ingtent the shock {or blast) wave
reaches that location.

The stress range {n vhich a meteria) will
ot fall vhen sublected to the naction of a
force but will not recover completely, so
that a permanent def.mation results, when
the force Is removed. Plastic deformation
vefers to dieensional changes occurring
vithin the plastic renge.

B avay o

SR M e e i L A st h . ek, mh e v et an e e . e e



AT,

o,

R
S A g

—

‘‘‘‘‘‘‘‘‘‘

[A
s
b

s

v R SRR e

g YT

e

Eole

O T el T

PR L

V' R TTY 4 P P e i A v Ay Sttt o

4T AR A s

Gty e Bpeit . ma by wwe

St g e L L

S AT IS L1, e, RN IR, s, TIVEIT SR T RN
R g anii 5, KUY ooy A z L Wybpums s s

s

109
MEANING

Prompt Nuclear Effects The nuclear effects, e. g., pneutrons, gamma

Rediologlcal Shelter

RBE (or Relative
Biclogical
Effectiveness)

REM

REP

Roentgen, r

rays, blast wave, alpha and bete particles,
which occur within & few seconds or minutes
after a detonation.

A unit of absorbed dpse of radiation; 1t
represents the absorption of 100 ergs. of
nuclear (or ionizing) radiation per gram of
the absorbing material or tissue.

A shelter designed primarily for protection
sgainst nuclear.radiation.

The ratio of the number of rads of gamma
radiation of a certain energy which wili
produce a specified biological effect to
the number of rads of another radiation
required to produce the same effect is the
RBE of this latter radiaticn. ' ’

A unit of blological dose of radiation;
the name is derived from the initial let-
ters of the term “ruentgen equivalent man
(or mamual)," The number of rems of radie
ation 1s equal to the number of rads abe
3orbed multiplied by tie RBE of the given
‘radietion (for a specified effect).

A unit of absorbed dose of radiation; the
neme 1s derived from the initial lstiers of
the term "roentgen equivalent physical.*
Basically, the rep is intended to express
the amount of energy sbsorbed per gram of
soft tissue as 8 result of exposure to Y
roentgen of gamma {or X) radiation. This
is estimated to be about 97 ergs, although
the actuasl value depends on certain experi-
mental data which are not precisely known,
The rep is thus defined, in general, as the
dose of any ionizing radiation which resulta
in the absorption of 97 ergs of energy per
gram of soft tissue. For soft tlesue, the
rep and the rad are essentially the came.

A unit of exposure dose of gaxma (or X)
radiation. It &5 defined precisely as the
quantity of gamma (X) radlation such that
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the associated corpuscular emissfon pes=»,. - )
0.001293 gram of air produces, in air, tons
carrying ome electrostatic unit quantity of
electricity of eitkher sign. From the ac-

cepted value for the energy lost by an elec-

tron in producing a positive-negative ion .

pair in air, it is estimated that 1 roentgen

of gamma (or X) radiation, would result .in

the absorption of 87 ergs of energy per gram

of air. ‘

Bealing Yaw A mathematical relationship w.ich permits
the effects of a nuclear (o- atomic). exploe
sion of given energy yield to be determined ~-
as & function of distance from the explo- :
sion (or from ground zervo), provided the
corresponding effect 18 known as a fuaction
of distance for a reference explosion, e. g.,
of l-kiloton energy yield.

Scattering The diversion of radiation, either thermal

or nucleer, from f{ts original path as a re-
.« pllt of interactions (or collisions) with

atoms, molecules, or lsrger particles in
the atmosphere or other mediunm between tha
source of the radiations, e. g., a nuclear
(or atomic) explosion, and a point at some
distanc> awvay. As a result of scattering,
radiationr (especially gamrs rays and neu-
trons) will be received at such a point -
fros wany divections instesd of only from
the direction of the source.

Ehielding Aoy materinl or obstruction vhich absorbs
radiation and thus tends to protect person-
nel or materiels from the effects of & nu.
clear {or atomie) explosion. A modevately
thick layer of any opaque material will
provide satisfactory shielding from thermal
rédiation, but & considerable thickness of
material of high density may be necded for
nuclear radiation shielding. '

Shock Front ~The fairly sharp boundary betveen the pres.
{or Pressure Front) sure dlsturbence cruated by an explosion
' (in air, vater, or earth) snd the esbient
atmosphere, water, or earth, respectively.
It constitutes the front of the shock (or
blast) vave,
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A continuously propagated pressure pulse
(or wave) in the surroundipg medium which
may be air, water, or earth, initiated by
the expansion of the hot gases praduced in
an explosion. A shock wave in air is geun-
erally referred to as a blast wave, dbecsuse
it is similar to (and is accompanied by)
strong, but trausient, winds. The duration
of a shock (or blast) wave is distinguished
by two phases. First, there is the posi-
tive (or compression) phase during which
the pressure rises very sharply to & value
that 15 higher than anbient and then de-
creases rapidly to the ambient pressure.
The duration of the positive phase increases
and the maximum (peak) pressure decreases
vith increasing distance from en explosion
of given energy yield. In the second phase,
the negative (or suction) phase, the pres-.
sure falls below ambient and then returns
t0 the ambient value., The duration of the
-negative phase is approximately constant
througoout the blast vave history and mey.
be several times the duration of tha posi-
tive rhase. Deviations from the exhient
prassure during the negative phase are
nevey large aund they decrease with increas-
ing diptance from the explosion.

These are readily constructed with a limit.
ed amount of effort and expenditure of mate~
rials. Some examples are prone cheliers,
foxholes, open and covered trench.

The distance from a given lucation, usually
on the carth's surface, to the point at
vhich the explosion cccurred, '

These furnish greater protection but re-
quire considerably nore effort snd expend-
fture of materials than the gimple ghelters.
They are further dofined by their relation-
ship to the ground surface, {. e¢., surface
shelters, semi-buried shelters, buried
shelters. . '

These, including their cover, aru entirely
belov the ground surface,
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Sem{-burfed Shelters %These project partly above an& partly below

Surface Shelters

Surface Burst

Thermal Energy

Thermal Radiation

Typical Afr Burst

the ground surface.

" These are situated. entirely above tha

Yield (or Energy Yield)

ground surface .

The explosion of a nuclear (or atomic) weap-
on at the surface of the land or water or at
a height above the surface less than the ra-
dius of the fireball at maximum luminosity
(4in the second thermal pulse). An explosion
in which the bomb is degonated actually on
the surface is ealled a contact surface
burst or & true surface odurst. ‘

The energy emitted from the ball of fire as
thermal radiation. The total amount of ther-
mal energy received per unit area at a speci-
fled distance from a nuclear (or atomic) ex- .
plosion is geperally expressed in terms of
calories per square centimeter.

Electromagnetic radiation emitted {in two
pulses) from the ball of fire as a conse-
quence of its very high temperature; 1t
consiste essentially of ultraviolet, visible,
and infrared radiations. In the early steges
(first pulse), when the tempersture of the .
fireball is extremely high, the wltraviolet
radiation predominates; in the second pulse,
the temperatures are lower and most of the
thermal radistion lies in the visible and
infrared regions of the spectrunm.

The explosion of a nuclear weapon for which

the height of burst is cuch as may be expected -
to cause paximum blast destruction ip an aver-
age ocity.

The total effective energy releaged in a nu-
clear (or atomic) explosion, It is usually
expressed in terms of the equivalent tonnage
of TNT required to produce the same energy re~
lease 1n an explosion. The total cnergy yield
is manifested as nuclear radiation, thermal
radiation, and shock (and blast) energy, the
actual distribution being dependent upon the
medium in vhich the explosion occurs (primar.
1ly) and also upon the type of wespon and the
time after detonetion.
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fod { MEPORT COMTROL SVMICL
18 MUK 4N SEVW PKOJECT ! cornpd
RIS TN g
FIELD FORTIFICATIONS AN (BSTACLES (BAM-Short Title 18,;9"&-0%02_
FLD YORT OBSTL) ,
Vo e T T Bctehrugir 5
Minsa and Obstacles Land ‘10-13
o
Corps of Enginzers Engr Res & Div Laboratories
o G Yort Belvolr, Virginle
Engr Res & Dev Div, 10, OCE
6. BOOVRITING ABeRCY
Office, Chief of Zogineers
Tiea AR o8 T RLATED PO 1T, BEY. COMPLETION BATES
AFP(Tech Asst & wm-%c jses, __Cont.
Marine Corps(* * c 8-07-06-002 nev. .
ord. Corps (“* * {c ‘  vmor
Navy Bu Ord (Tech Asst  )(C CX T N——
N 14 Y, RACA. BINWTES
W oveev 2 April 1954 o G5 1
by OSUSA ae_sgended. 58 oM
E,_Iﬁ_c y l' . :
- j
W0 Conniman Whalen Jwmnciie TThis project 18 expected to provide new or improved items

of saterisl, equipment, and techniquas for increasing the ‘efficiency snd eass of
handling aad construntion of field fortifications and ohstecles, to facilitate the
novesent and defense of field forces fin the theater of opevation, assist in the
sttainmeat of their military objective, more adequately mset the threat of {n-
creased firepower qod dostructive potentialities of present veapons end modes of
varfare, including atomic, and provide increased defense sgainst massed lafentry
attacke. %The fmproved or deweloped items vill decrease losses of materiel and
pexsonnel, mnd Marranta.the assignacat of & )-C priogdty. -

w.

[ & Brief:

(3). Ohleative: :
This project is expected to improve present types and develop nev types
of field fortifications and cbstacles, aw well as equipment that will
asaist da the coustruction and erection of such items, and to provide
sdditional protectica and security to field forces in the theater of
operations.

(2) Mlitary Chavedteristice:
(a) The pew and/or improved technigues, materials, and equipment de

wveloped shall fucilitate the accomplishment of tactical missions.

1. se | e ] o | O S
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CONTRUATION SNEES

s Fhocy BES Y R T |
PIELD FORTIFICATIONS AND OBSTACLES (EAM-Short Title U 8-07-06-0035

FLD FORT ORSTL) TN, ]
% 2 Pebruary 54

All meterials and equipment devoloped shall de of:

1. Optimua simplicity of design. .

2. Mintwus veight and dimensions feasible for specific use, and %o .

facilitate transporting end handling. .

Optimm stability necessary for specific usage. ’

. _Buch design as to take maximum advantage of locally available

materials.
. . Optimm safety for trunsporting, handling and use.

: (b} All techniques shall:

‘ 1. Be based on the specific tacticel requirements.

. Be aimple in concept and practical in execution.

3. Give paramount consideration to spesd, performance, socurity
and economy.

{e) Detail charscteristics will vary, depending upon the specific and
iten (excepting item referenced in paragraph 21a(2)(d} berein) and
vill be furnished in accordance with paragraph 21b{2) hereim, In
ths event of conflict between the preceding general military charese
teristics and: those furnished under paragraph 21b(2) herein, the

} latter vill bs the goveroing faotor.

! (4) Specific Wilitery Characteristics: Poxhole Bxcavatica Charge

1. The device shall be capable of providing s hole four Teet in

- dismcter and three feet deop with near vertical walls in soils
of various densities, using a maxima of six pounds of Orvdnance
Corps standard types explosives.

2. The device shall be of the one-shot type design, and stall pro-

duce the required foxhole vithin two minutes time.

3. The device shall be capable of withstanding direct hits by small

amms arsnttion vithout initiation of the explosive.

b, The device shal) be capable of air transportability in Fhase 1.

Ferachute delivery is desived in aerial resupply opevations. No

sdditional items andfor persennel vil) be required in the same

sircraft load to achieve coabat effectivensass, Secticnalizstion
of the item not requiced for air transportability.

5. The device shall coatain such safety features as to require
poaitive manual effort by the user, to effect detonation.

6. The equipment shall have the inherent capability of acceptable

performance vithin an air teaperature renge extending from #1295

P, minimua exposure of b hours with full impact of scler redi-

ation; 350 DTU/Ft Bq/lir, to -ko°P, minimua exposure of 3 days

witheut benefit of solur redistion; and shall be capable of safs
storage and transportation vithout permanent fapairment of its
capabilitien from the effects of temperature, at temperatures

froa -50%, for periods ef at least three days duration, to

#1609, for periods as loog a8 & hours per day vith full impact

of solar rudiation, 360 BIU/F¢ Sq/ Er.
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T- The device shall be capable of being used safely at short Tanges,

with under 15 yards desived. ‘

Approach;

(1) Based on tactical sssumptions efforte will be made to improve the charae-
teristics of rield fortifications to increase the efficiency and ease of
their usage, i.e., in their transportation, handling and coastruction.
Especial attention will be given to the use of prefabricated sections of
stable and light waterial designed to faciiitate transporting, handling
and erecting. Davelopment of obstacles vill be based on (1) their inde-
pendent use as & means to delay wnd embarrass the enemy and (2) as an
auxiliary mesans of defense of field fortifications. Especlal considsrate-
ion vill be givea to the development of yrefabricated sections of oteel
obatecles such as hedgehogs and barbed wire. The potentialities of flame
as an obstacle will be filly investigated, as also will be cbstacles
against amphibious ascault aud obetacles sgainst airborne asssults.
Coordination vith employment of mine varfare vill be censidersd,

(2) The accomplishment of the mission of this.project shall be sffected
through six (6) specific and suncesaive phasecs:

1. Confi{rmation of requirements by the usivg ageecy (Army Field Forces).

2. Investigation and evaluation by the developing agency, to determine

~ the merits of possible spproscbes towvards the salution of confirmed
requiresents.

e‘ Preparation of specific military characteristics.

. Approval of the military characteristiss by the using agency (A¥F),

5. Approval of the military characteristios by sppropriste amendsent
aodfor revision to this project through action of the Corps of
Engincers Technical Cocmittee,

6. Research and development in accordance vith epproved aflitery
charecteristics.

Subtaske:

(1) Related Project 8-07-06-00Q partainc to the dovelopment of adapters for
anchoring U type pick=ts i{n hard or froten ground to facilitats ercction
of barbed vire obatacles,

Cther Informations

?; Basic Research - Not applicable

2) References:

a) Pield Portifications Manual, M 5-15.

b) Obstasie Techniques Manual, FX 5-30.

¢} Varicus Engineer Technical Intelligence Reports of fleld expedicnts
use by both friendly and enemy forces {n Korea, relative to tiw
fie¢1d of Portifications, and Gbatacles.

(d) Item 1263, CEIC Meoting #2389, Closing Projeet No. 8.07-06-001,
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~ R FIELD FORTIFICATIONS AND CBSTACLES (EAM-Short Title | . U 8-07-00-005 |
" S FLD FORT OBSTL) * ¢l no. |*
¥ (e) “Advance Questionnaire for New Field Portifications Project® as
i prepared by the FRIL, file TECRD-ME (Suspense Date 20 May 1953), and
I - extraots of letters received by the ERIL in reply to the
e questionnaire referenced in preceding subparagrephs, eaid extracts
Lty consisting of 21 pages with dates warying from 5 May 1952 to 15
Y, : . August 1952 in which requirements are stated for items pertaining
P . to the basic field of "Fortifications and Obstacles”.
R« (3) Discussion:
X N ! {e) Agreements have been made with Army Field Forces and Marine Corps to
N B furnish technical assistance and facilities when required. Also,
¥ ' - the Ordnance Corps has agreed to furnish technical assistance on
m i queations of firepover.
I : (b) Agencies interested in this project, in addition to the Corps of
:_-' S ‘ Engineers, with vhich liaiscn vill be maintsined and which will be
" . ' ! furnishad copies of reporta on the project are, Navy Departazent,
- ] ] Arny Fleld Forees, NMarine Corps, Ordnance Corps.
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ENGNP(8-07-06-105) - 22 Apr1d 19555

SUBJECT: Integration of Navy Project NY 3%0-032 - AW
) Protective Shelters o

T0: Commanding Officer
Engineer Research and Development Laboratories
Fort Belvoir, Virginia

. .

1. References:

&. letter from Office, Chief of Engineers to Commarding
Officer, Engineer Research and Development Laboratories, file ENGNF
(8-07-06-105), subject: Emergency Shelters - Suggested Joint Army-

Navy Action, dated 22 December 1954, with inclosures,

b. 1lst Indorsement from ERDL to OCE, fils TECRD MO

. 8-07-06-105 (22 Dec Sh), same subject, dated 17 Janvary 1955.

‘e. RDB Project Card, Symbol DD R&D (A) 119 (3950), for
Navy Projec* I"y. NY 340-032, AW Protective Shelters, dated 15 Febru-
ary 1955, classified CONFIDENTIAL (copy ibclosed).

2. The correspondence referenced in paragraphs l-a and b
sbove describes preliminary planning for integrating Navy require-
ments for AW protective shelters into the present Coxrps of Englneers
program in fileld fortifications. Subsequent to that planning, this
office was advised thet funds had become availsble in the Bureau of
Yards and Docks, Department of the Navy, which would permit immedi-
ate transfer to the Department of the Army of $30,000, in lieu of
$15,000 during FY 1955 and $15,000 during FY 1956 as originally
planned. Accordingly, funds furnished under Navy Apprepriation No.
21-17X1319.011 in the amount of $30,000 vere transferred to ERDL
under Corps of Engineers Allotment No. 8-5199 on 19 April 1955.

3. It 18 requested that the Department of the Navy require-
ments for AW Protective Shelters described as Phase I in the ine
closed project card be integrated into the work presently being
conducted under Project No. 8-07-06-10%, in accordance with the
preliminary plan set forth inm the correspondence referenced in
paragraph 1-b above.

BY COMMAND OF MAJOR GENERAL STURGIS:

1 Incl. /s/ Willlan J. New
Cy Proj Card Jt/ WILLIAM J. NEW
NY 340-032 . Acting Chief’

Engr Res & Development Divielon
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BACKGROUND
ENGNF (8-07-06-105) 22 December 195k

. SUBJECT: Emergency Shelters - Suggested Joiﬂt Army-Navy Action

70: Coﬁman&ing Officer .
Engineer Research and Development Laboratories ..
Fort Belvoir, Virginia A,

‘1. References:

a. Copy of lst Indorsement from OCE to Chief, Bureaw of
Texds end Docks, subject us sbove, 23 November 1954 (Inclosuse 1).

b. Copy letter from Chief, Bureau of Yards and Docks,

' aubject: “Project NY 3k0-032 ~ Emsyrgency Shelters - Accomplishment

by Integration into Arny Research and Develogment in Field Fortifi.
cations,” dated 9 December 1954 (Inclosure 2), -

2. On 9 Novembar 1§54, a preliminary conference was held at

0CE between representatives of the Navy Department and QCE (Engineer .

Research & Development Division) rogevding the feesibility of an

Avuy agency performing rescarch for the Ravy in the {ield of “Bmer~
gency Shelters”., As a xesult of the dlscuseion, an outline of the
present program i Field Fortifications, slong with & request for
more spetific nformation, was foruvarded to the Ravy Department
(tuclosure i).

3. By letter of 9 Deceaber 1954 (Inclosure 2), the Navy Da-
partment hes given the available additional inforwation, aloug with
the expected availability of funds, ' o

%, It ig decired that the information contained in the two
{nclosures be revieved snd o proposal submitted 0 this office findi.
cating: _

a. Plan for integrating this additional work into the
present program. : :

b. Utillzation of funds Iroum the Havy,

c. Any adverse effeqt on present program due to the eddi.
ticual work load. ) ,

st P R e - . ———— e - e i
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d. Es te as to wvhat the Ravy may expect for thelr .
investment and when \hey may expect {t.

W , | ,
- S 5. T. view of the desire to utilize FY 55 funds, available
g 9N . from the Navy Department, 1t is requested that this office be advised
- 3 » as to vhen the above information may be expected and of any require-
[ ’ ment for a further meeting with Navy Department repressntatives nrior
SO to the resoclution of the problem.
- | ‘ BY COMMAND OF MAJOR GENERAL STURGIS:
o 2 Incls:
3 1. Cy lst ind to Ch, - . [sf €. T.Newton-
g. - BuDocka, 23 Nov 54 - Jt/ C. T. NEWTON
g o 2. Cy ltr fm BuDocks, . Colonel, Corps of Engineers _
£, N 9 Dec 54 Chief, Engr Res & Development Div.
- .
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8-07-06-105 (22 Dec 19*&) 1st Ind
SUBJECT: Emergency Shelters - Suggested Ioi.lt. Arnxy-Na.vy Action

Engineer Research and Development Laboratories, Corps of Engineers,
U. 5. Amy, Fort Belvolr, Virgilnia

17 Jan 1955
TO: Chief of Enginecrs, Department of the Army, Washington 25, D, €.,
ENGNF

1. Reference 1s made to & conference in the Office of the
Chief, Field Engineering Branch, Engineer Research and Development

Division, Cffice, Chief of Engineers, on 11 January 1955, attended
by:

Mr. W. F. Woollard, Fileld Englneering Branch, Ergineer
Research and Development Division, OCE,

Lt. Col. F. D. McGinnis, Field Engineering Branch, ER&D

Div., QCE.
Commander A, B. Chilton, Jr., Research Division, Bureau of
Yards and Docks, Navy Department
Mr. J. W. Terrill, Passive Defense Branch, Bureau of Yards
- and Docks, Mavy Department.

Mr. J. P. Roysdon, Engineer Resesrch and Development
Laboratories.

Mr. R. M. Flynn, Eagincer Regearch and Developmont

. _ Laborstories,

2. The conference was called Ior the purpose ol discussing
requirements of shelters fur tlLe Navy, conditions under which they
would be constructed, materials availsble for construction, and the
relation of the requirements of the Navy to preseat work on fisld
fortifications. It develoved that wbzreas ERDL is nov directing all
efforts toward the development of fighting emplacements with plans
to explore the subject of shelters in the future, the Navy Department
is interested exclusively in shelters eand desires thet at least &
token effort be started on this subject lmmedlately. It was agreed
by all present that the sum of $30,/200.00 which the Navy Department
proposed to contribute, would not Ve sufficient to support any ape-
cific experimentation, but that it could be used to mutusl advantage
in the cwrent program on fortifications snd that, with this money,
work could be sterted this year ard completed by the ond of 1956 on
collecting and compiling infurmgtion pertinent to the design of shel.
ters. It was agreed that such a study would cover only information
vhich may row exist in scattered places and would not require the
development of new information. OUn this basis 1t was judged that
the only recl difference betwcen the desires of the Navy Department
and the ERDL pregram vwas one of timing, snd that the propossd study
could be started jmmediately wiihout geriously dislocating ourrent
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plans, Commander Chilton emshasized that the Favy Department was-
especially interested in factors related to defense against atamic
weapons, particularly defense against the effects of rsdicactive:
"fall-out"

3. The information contained in the inclosures has been re-
viewed as requested and & proposal is submitted herein ccvering the
four points listed in paragraph 4 of the basic letter.

a, Plan for integrating this additionel work into the
present program, The proposed study represents work that was sched-
wled for initiation in FY 56, but it will now be started immediately.
The work will be s paper study only and consist of the Investigation,
compilation and analysis of currently available data that may have
pertinent relation to the construction and use of personnel shelters.
No actual construction, tests or new work, other than a paper study,
will be undertaken. Much of the material to be included in the study
will be drawn from the results of current experiments with fighting
emplacements, but only where they may be directly applied to shelters
for personnel protection. Consideration will be given to the verious
probable physical, operational and tactical conditions that might be
encountered., The work that will be accomplished through this Joint
Army-Navy action will be generally essential to the field fortifica-
tions project and in any event would have bean eventually undertaken
under present project plans.

b. Utilization of Funds from the Navy. Punds will be
utilized for salaries of personnel engaged directly in the proposed
‘ study, for the procurement of materials and supplies, and in paymeat
for intermal services in support of those porticns of the experi. .
mental work on fighting emplacewents which may produce information
directly applicable to shelters.

¢, Adverse effect on present program, By initiating the
etudy on shelters this fiscal year, instead of next, it will be neces-
sary either to defer planned work on the study of engineering materi-
als for emplacements or to hire additiona)l porsonnel so that bhoth
studies can be carrled out at the same time., The decision as 0
which course to follow will be made locally.

d. Eotimate as to what the Navy nay expect for their
. investment and when they may expect it. A cemi-annual letier report,
- plus a flnal letter report, will be cubmitted to the Navy. During
the first six months of wark, prelimtuary gathering of avollsble data
only will be accomplisned. Thereafter, besides the continued gather-
ing of data, 1to compilation in proper form and categories and its
analysis will be undertaken. In the final compilation and pregente-
tion of the data, an effort will be made ¢ have &t i1 such a form
that it will be readf{ly useable in various tsctical situstions for
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i the construction of personnel shelters. It is expected that this
study will be completed during 1956. It is emphasized that the
7 work and accomplishrments will be governed and limited by the under-
d ptanding set out in this indorsement.
: " 4. In consideration of the investigation to be performed by
S ERDL, the Navy Department will advance funds immediately in the
i ’ amouat of $15,000.00 for use in fiscal years 1955 and 1956, and
& when and if available will advance an additional sum of $15,000.00
?: in fiscal year 1956 for use in fiscal years 1956 and 57.
e
Q ) 5. Form 1080, in the sum of $15,000.00, partially to cover
¥ work during fiscal year 1955 and 56, 1s inclosed herewith for sub-
‘é mittal to the Navy Department.
FOR THE COMMANDING CFFICER:
1 3 Incls )
1-2n/e /s/ C. P. Joyce, Jt.
, Added 1 incl [t/ €. P. JOYCE, JR.
3 3. Form 1080 {quin.) Colonel, CB
. e Chief, Military Engineering
X . Department
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Category 13 - Mine Warfare and Demolitions

DIS’EYIBUI‘IOK FOR USAERDL REPORT NO. 1551&-'31&

TITLE Emergency Personnel Shelters (U)

DATE OF REPCRT 17 Nov 58 PROJECT 8-0T7-10-420 CLASSIFICATIOR Confid

Tech Lib A-1
Office, Asst Secy of Defense R-2
Vashington 25, D. C.

Chief, Bureau of Yds & Docks A-l
Dept of Navy

Washington 25, D. C.

Attn: Code D-L0O

Tech Doc Ctr, USAERDL A-10
Ft Belvoir, Va R-5
Attn: British Ln Officer

t
w

Chief, Burcau of Ships
Res & Dev Program Planning Br R-3
(Code 320)

Washington 25, D. C.

-Chief of Naval Res Rl
Rpts Br (Code 530)

Dept of Navy

Washington 25, D. C,

Commandant of Marine Corps R-1
(Code AGLE) Hqs Marine Corps
Washington 25, D. C.

Director, Naval Res lab R-1

" Washington 25, D. C.

Attn: Code 2021

Cmd & CGeneral Staff College Rl
Ft leavenworth, Kansas

Office of the Bngr A=)
AFFE/BA(REAR), APO 343 R-1
San Francisco, Callf.

The Engr, Hqs, USAREWR R-2
AP0 kO3, New York, N. Y.

Attn: I Br

HOTE: A . Austract Card
R « Report

o

Engr Sec, Hq, USARCARIB R-l
Drawer 6, Ft Clayton, Canal Zone

Commanding General R-1
Frankford Arsenal :
Pitman-Dunn Lab Group
Philadelphie 37, Pa

Attn: Liv

Chief, ARDC Office, USAERDL R-1
Ft Belvoir, Va

Office of R&D R-1
Office of the QMG, DA
Washington 25, D. C.

Engr, Hqs 7th Army R-1
APO h6, “e" YO!‘k, NQ Yl

Commandant, Army War College R-l
Carlisle Barracks, Pa
Atta: Liv

Commanding Genexal R.2
Continental Army Cmd

™ Monroe, Va

Attn: Bngr Seq

President A-1
UQ S! Amy Ai‘tillem"m R-l
™ 6111, Oklahoma

Pregident Rl
U, 3. Army Infantry Bd
Ft Benning, CGa

Chief, Engr Sup Cont Office R-2
USARREUR Sup Cont Ctr

APO 58, New York, N. Y.

Attn: Chief, Cat Br,

Chief of Transportation R-1
Washington 25, D, €,
Attn:  TECAR-IC
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U. 8. Ary Stdzn Group,
Box 65, USN-100, FEO
- New York, N. Y. ’

Engr Historical Div, OCE
P, 0. Box 1715
Baltimore, 3, Md

Commanding Ceneral -
Army Map Service
6500 Brooks Lane
Washington 25, D. C.
Attn: Doc Lib

Chairman, Engr Committee
Tactical Dept, TIS
Tt Benning,. Ga

Commandant (ETD)

U. 8. Coast Guard Hqe
1300 E 8t., NW
Vashington 25, D. C.

Hqs, Bd 5, CONARC
Ft Br&gg,_ N. C.
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- President
U. 8. Army Avmor Bd
Ft Knox, Ky

0ffice, Chief of Ord
Dept of the Army
Washington 25, D. C.
Attn: ORDTX~AR

Tech Doc Ctr, USAERDL
Ft Belvoir, Va
Attn: Canadian In Officer

Librarian, Tech Lidb
Bldg 330, Rm 200
Army Chemical Ctr, M4

Engr Res & Dev Div
0ffice, Chief of Engrs
Dept of the Army, Rm 1405
Washington 25, D. C.

The Engr School Library
Bldg 270, Ft Belvoir, Va

Demolitions & Fortifica-
tions Br, UGBAERDL
Ft Belvoir, Va -
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. R-l

A2

A-1
R-1

A-2

R-b

. Military Engrng Dept, USAERDL

.....-'. I ORI

Attn: Target Mtls Div (AFCIN-3C)
Washington 2%, D. Q.

Director, Alr University Lid R-1
Attn: AUL-8870
Maxvell AF Base, Alabama

Combat Developments Office
U.S, Army Infantry Bchoo].
Ft Benning, Ga

Atta: Engr Advisor

Chief, Bureau of Ships
Dept of the Navy
Washington 25, D, C.
Attn: Code 348

R-l

R-)

Commanding Officer & Director R-1

’\1 e

,Ft Belvoir, V&
Central Files; USAERDL "R-1
Pt Belvoir, Va - = .o
" Tech Ref & Anal Br; USAERDL ~'R-1 .°

Ft Belvoir, Va .

Tech Do¢ Ctr, USAERDL . R-2

Publ Records Set (R-1) :

Publ Reference Set (R-l)

Ft Belvoir, Va

Legal Br, USAERDL R-1

Ft Belvoir, Va

Reports Sec, USAERDL R-3

Ft Belvoir, Va '
Depta (circulate) o

USAERDL, Ft Belvoir, Va o

ASTIA : " R=10

Arlington Hall Station

Arlington, Va

Attn: Target Analysis Div '

(AFCIN-3A)
Washington 25, D, G..
ACS/Intell, Rq USAP A-)

U.3. Naval Rediological Defense Lab

San Francisco 24, Calif.
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Chief, AFSWP R4

Washington 25, D. C.

Asst Secy of Defense (R&E)} R-1
Washington 25, D, C.

Asst Secy of Defense R-l

Washington 25, D. C.
Attn: Civil Defense Div

Officer in Charge R-1
U. 8. Naval Civil Fugrng Res -
& Evaluation Ls)
Construction Bn Ctr
Port Hueneme, Calif.

Offize, Chief of Naval . Rl
Operaticns, Dept of the Navy

Washington 25, D, C,

Attn: OPLL6

0ffice of Naval Regearch =1
Dept of the Navy

Washington 25, D. C.

Attn: Code 811

Director, Naval Res Iab  R-l
Dept of the Navy

Washington 25, D. C.

Attn: Code Th30

Chief, Bureauof Medicine & Rl
Surgery, Dept of tb2 Navy
Washington 25, D, C.

Officer in Charge R-1
. 8. Naval School

Civil Engrng Corps Officere
Construction Bn Gir

‘Port Hueneme, Celif,

U. 8. Atomis Brergy Covmission
Washington 25, D, ¢, . R-l
Attn: Mr Robert 1. Corsbie
Direcvor, Civil Effects
Test Group

U. 8. *tonic¢ Energy Commisainn
Albuqu.rque Operations Office R.l
P.0. Box 3400, Albuquerque, N.M.

Hq, U. 8, Alr Farce R-1
Director of Res & Dev :
Washington 25, D. C.

Commanding Officer R-l

U. 8. Naval Unit .
Chemical Corps School

Army Chemical Training Ctr
™ McClellan, Aigbama

‘Director, U. 8. Army Engr  R-l

- Waterways Fxperimental Station
¥.0. Box 631, Vicksburg, Miss,

Civ2f, Bureau of Yds & Docks R-h
Dept of the Navy

Washington 25, D. C.

Attn: DLk

Hq Chemical Corps R&D Cmd - R-l
Gravely Point

Washington 25, D, C.

Atto: CMIRD-D

-Commandirg Officer R-l

Shemical ¥Warfare Labs
Army Chemical Center

‘Bdgewood, Md.

Chief, Bureau of Supplies & R-l
Accounts, Dept of the Navy
Washington 25, D, C.

Cormander, Air Res & Dev Cmd R-1
Baltimore, M4
Atta: RDIWA

Commander, Air Force Special R-1
Weapona Center .

Kirtland Air Force Base

Albuquerque, N. M.

Attn: &SWRB

Hq, U, 8. Air Force R-1
Physical Vulnerability Div
Deputy Director for Targets
Director of Intelligence
Washington 25, D. C.

Commander, Wright Air Dev Ctr R-1
Wright-Patterson Air Force Base
Dayton, OGhio .

Commanding Officer, R-l
U. 8. Naval 8chool Command

U. 5. Narad Station

Treasure Island

San Francisco, Calif.
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