
r 
f 
l 

, 

. ... 

1I ........ r, ••• 2 

INCORPORATION OF SHELTER 
INTO APARTMENTS 

AND OFFICE BUILDINGS 

f
~.g "'~""""" __ "#"1 •• -~~~ 

,~ ,;it.vlQ~~-iW'o'" :., ... ~ ~.J.":~"1~~~: I ~ 
I I!or t;~ r .. tic...-c;.~~, ..: ~Ji.t ..... l' .. U ! ~ 
! '.'W"..b:':tr-u 1;; ::-u~ ~'::: .. ",.~ ! . -_._-----



I 
I 

SUMMARY OF otEcMNIhV.. PUBLICATIONS PROGRAM 

?ROTECTlVE STRUCTURES D~VISION 

Oc tober, 1962 

Professional Manual. (100 Series) - ~ 

100-1 Design & Review of Structures for Protection trom Fallout 
Ga1lllll8 Radiation 

100-2 Desi~l & Review of Structures for Protection from Initial 
Nuclear Radiation 

100-3 ~sign & Review of Structures for Protection from Initial 
thermal Radiation & Fire 

100·4 Design & Review of Structures f~r Protection from Nuclear Blast 

100-5 Design & Review of Structures for Integrated Protection from 
Nuclear H<aapons 

100-6 Architect!.!ral 6& Engineering Pluning for Nuclear Protection 

100-7 Use of Prestresled Concrete for Protective Structures 

Professional Guides (80 Series) 

*80-1 Incorporation of Shelter into S(:hools 

80-2 Incorporatiou of Shelter into Hospitals 

80-3 MOdifications of Existing Buildings for Shelter Purposes 

*80-4 Inr.orporation of Shelter into Apartment & Office Buildings 

80-5 ~c~rporation of Shelters into Churches 

80-6 Incorporation of Shelter into Parking Garages 

80-1 Emergency Operating Centers 

80-8 Reducing Vulnerability of Industrial Plants 

80-9 Expedient Community Shelters 

*80-10 Catalog of Shelter Components 

SO-II Reducing Vulnerability of Residential Structures 

p30i13j;1l orponti n of Shelter into Tunnels, Mines & Other Special Structurea 
I I ,·I! 
1.' (j~.:l4r.t.;1 ~lified thods of Shielding Analysis 

'~i I-
. • ~Pu~l~ e41 to date 

~: ,- ~ , it! ----I 
l.~.· if ...,; 

- .- - I! '11! 

~ .. 1 ~ ! ~ ~ ~ -



PREFACE 

This Professional Guide is one of a series of technical publications 
prepared under direction of the Protective S~ructures Division: Office of 
Civil Cefense. The purpose of the Office of Civil Defense Technical Pub
lications Program is to assist architects and engineers in the planning 
and design of structures that contain protective featv:es. 

this publication was prepared for the Department of Defense, Office 
of Civil Defense by Eberle M. Smith Associates, Incorporated, Architect~ 
and Engineers of Detroit, Michigan from materials developed in pr~vious 
reports of fallout radiati~n protection in apartment and office buildings, 
and data conpiled during the construction of shelters under the federally 
sponsored Prototype Shelter Proglam. The text of this publication has 
been reviewed by the American Institute of Architects and other appro
priate asaociations and Federal agencies. 

Of the design examples included, the shelter in the State Office 
Building, Pittsburgh, Pennsylvania was initially planned by the General 
Services Administration of ~h~ United States, and the shelter in the 
State Office Building, AlbaLY, New York was planned by the firm of 
Consoer, White E· Hers~y, Defense Engineering Consultants, Washington, 
D. C. Others are by Eberle M. Smith Associates, Inc. 

This publication is presented as an interim edition to meet the 
immediate need of architects ane engineers, and to allow the professions 
to contribute their experience for consideration in preparation of the 
final version. Comments should be sent directly to the Protective 
Structures Division, Office of Civil Defense. 

The Technical Publi~ations Program con&ists of five categories: 

Professional Manuals present the technology of design and 
review for protection against weapons effects. 

Professional Guides orient this technology to the incor
poration of protective features into normal use structures, 
such ~~: schools, apartment buildings, industrial plants. 

Technical Memoranda present subjects, not of sufficient 
scope to warrant presentation as a manual or guide. These 
generally consist of performance requirements for shelters 
and shelter components. 

Design Studies present, in general outline form, suggested 
designs for inccrporating protective features into normal use 
structures. 

Engineering Case Studies are engineering reports on the 
design and construction of specific projects. 
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Listings of pUD11catlons now under preparation are included on the inside 
covers of this guide. Those currently available are indicated by an 
asterisk. Request for copies should be made on company letterhead to the 
Protective Structures Division, Office (f Civil Defense, Washington 25, 
D. C., or to Regional Offices listed in Append1x C. 
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CHAPTER I 

I.NTRODUCTION 

About 98~~ of the increase in the population of the United States in 
recent years has occurred in 168 major metropolitan areas l particularly 
1n tnair suburban fringes. As population density has increased there 
has been a corresponding tendency for land values to rise and for new 
construction ;.n urban areas to run to s~veral stories in height in order 
to produce an adequate return on the land investment. 

The two building types consid~:ed in this guide, apartment buildings 
and office buildings, are characteristic of urban expan~ion and develop
ment. On weekdaY~1 a substantial proportion of the urban population will 
occupy office buildings. At oLher times the apartment buildings will be 
at maximwn occupancy. Consequently, the provision of shelter in office 
and apartment buildings is an important contribution to the National 
Shelter Program. 

Studies indicate that a great many urban buildings, even though 
they were designed with no thought of shelter, give quite adequate 
protection against fallout radiation for persons in the basement and, 
occasionally, in the corridors of upper floors. In new buildings, space 
designed to s~rve a normal use reqcirement can be planned for emergency 
use as shelter. Such shelter is ordinarily less expensive than a sep
arate underground shelter adjacent to the buildingl even where sufficient 
unoccupied site ~rea is available for the separate sh~lter. Shelter in 
the building is easily and well maintained in most cases, since most 
systems for shelter use must be kept in good operating condition for 
normal use. Th~ same maintenance personnel presumably would be avail
able to operate and service equipment during an emergency. 

With few exceptions, apartment and office buildings are expected 
to return av. income to their owners. Before proceeding with plans for 
a shelterl ·In owner would wish to consider his tax positilJn on the 
c3pital expenditure, the additional costs of maintenance~ if anYI and 
th~ possible increase in valuation with respect to local property taxes. 
Against these should be balanced the enhancement of the physical value 
of the building and its ability to attract desirable tenants. As large 
business enterprises become increasingly concerned over the need to protect 
key personnel and as competition for apartment tenants becomes more acute, 
th~ availability of shelter in apartment and office buildings may help 
them to obtain a favorable occupancy and a higher rate of return on the 
total investment. In turn I business enterprises may find it easier to 
o;,tain competent clerical help if shelter facilities form a part of 
employee benefits. 
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the basic purpose of this guide is to h,dicate ways that ch(~ltet" 
against nuclear attack can be incorporated economically in apartment ~nd 
office buildings without detriment to their normal usc. To this end it 
will. discusiO the problems that muet be cOilsiderec 1;; th~ prolimina=y 
planning of the building and sheLter, and infol'tllation for t~le guidarlce 
of the architect/engineer in preparing working drawings a'ld specificlitions. 
In addition; it will discuss gener~lly some ~pecial problems which arise 
wit~ regard to climat.~ and loca1ity~ and which are treated in detail in 
othf:r publications of the Office of Civil Defense. An introduction tc 
Weapons Effects is includ~d ~t Appendl~ A. 
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CHAPTER II 

CHARACTERISTICS OF TYPICAL BUILDINGS AS REALTZD TO SHELTER 

2-1 Typical Apartment Buildings 

Apartment buildings may be differentiated according to their physical 
stlucture, their ownership (public or private) or their general arrangement 
of dpace. 

2-1.1 Structure 

Recent apartment construction has utilized the three main types of 
framing: (1) Wall bearing, (2) Skeleton, and (3) Cellular, but except 
for "Garden Apartments" of one to three stories, almost all of it has been 
of skeleton construction and most of it in concrete. 

Bearing walls are no longer common in apartment house construction 
although most codes permit their use up te) seven stories. Prior to 1930 
mos~ apartment houses were constructed with ~ood joist floors on bearing 
walls which, in the lower stories, were often of solid masonry 2 feet 
thick. Many of these old buildings are capable of providing excellent 
radiation protection. 

Even today most cities require 12 inches of masonry in exterior walls 
and few accept thin curtain wall constructions. Window sizes have increased, 
however, occasionally running &s high as 70% of the exterior wall area. In 
such cases the exterior walls are of little value as a shield against fallout 
radiation. In the late twenties and thirties, most taller apartments were 
steel skeleton-framed, ~any with short span concrete floors. More recently, 
both high and low rise buildings are being skeleton-framed of concrete. 
Some row and terrace housing, of course, is still wooc-framed, but apartment 
owners are finding that fire-resistant construction usually pays for itself 
in lowered insurc.nce rates. So-called "cellular", or concrete box-frame 
construction is most economically used when the same size hays are repeated. 
It has the advantage of incorporating shear walls as part of the Zraming, 
capa~le of resisting wind load or seismic forces. Another technique used 
for providing resistance to horizontal loads is the judicious plaGement of 
a central vertical circulation core to provide bracing. 

2-1.2 Ownership 

About 85% of apartments are privately owned, the remainder being 
low-rent public housing. The recent trend in private apartments has 
been toward cooperatives, in which ownership is distributed among the 
ten~nts, with consequent tax advantages. Cooperatives typically have been 
conventionally financed (rather than FHA-insured), and have been designed 
for upper-middle income families with few children. Cooperatives are 
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I distinguished by generously sized apartment unitr., averaging 1200 square 

feet in area (about 4u7, l~~g~r tha~ thoae in large scale rent~l rrcj~~t~). 

2~1.3 Space Arrangement 

Space planning in high rise apartment buildings usually begins with 
the elevator locati~ns. The cost of elevator~ Qften has led plannete to the 
X-plan in order to reduce circulation spsc ... and get the maximum number of 
dwelling units per elevator. This same factor has kept the height of X~plan 
buildings at 13 to 19 stories, a patteril which became a stereotype for 
public housing projects for some years following World War II. In low-rise 
buildings (up to six stories), Z-plans were aleo common. 

In mo~e recent years, seeking to improve on the poor orientation 
resulting from the X-plan, planners have attempted in-line schemes using 
distributed, rathet: ':han centralized, vertical circulati\ln. To offset 
the increased number of elevators required, they have experimented with 
skip-Hoor schemes t;>hich reduce corridors and improve livability, but 
add interior stairwlYs. A number of recent public projects have utilized 
distribute~ vertica·. cit'culation, but have reduced cost by using open gallery 
corridors. This tre~d away from the standard central-core, double-loadad 
corridor l has significance for shelter.-planners. Buildings with open corridors 
h.we far less potential upper-level shelter area. 

In private projects, air conditioning is nearly universal in the newer 
buildings. Consequently, cross-vcn~ilation is no longer of great importance 
an·! deeper space is permissable. Air conditioning costs go up the more a 
building varies from a compact plan. This has led to the currently prevalent, 
cp.ntral-core to\lcr for private projects, a trend giveu impetus by the fact 
that higher apartments with wider views bring higher rents. Interior baths, 
still outlawed in a few cities, are increasingly accepted, and inter.ior 
kitchens are often permitted. Such spaces are mechanic.ally ventilated, and 
may be m&popular \with tenants if care is not taken to l?revent sound trans
~Iission between aparbnents throush the ductwork. Interior bedrooms are 
generally forbidden Dy local ordinances. If the interior bedroom were to 
gain acceptance in the United Sta~es as it has tn Europe, the problems of 
planning shelter in apartment buildings ~oulJ be simplified. In any event, 
the trend toward square deep-space towers for private housing promises more 
potential above-ground protected space than the once popular X-plan. 

2-1.4 Emergency Use of Facilities 

Apartment building basements normally used for recreation, storage, 
laundry and drying rooms, or parking, offer an excellent possibility of 
providiug s&tisfactory shelter.. Similar facilities on upper floors may 
a180 be adapted to shelter purposes although the protection factor against 
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veniences ,ne .all available in the adjacent apartments. 

Although most cities require two enclosed stairs for egress from all 
apartment floors, basements sometimes have but one means of exit. Basements 
used for shelter should have at least two exits, widely aeparated and 
yrotected against jamming by shock or debri~. 

2-1.5 Mechanical Systems 

Some of the systems designed for normal operation of an aparbnent 
building may also be Adequate, with minor modifications, for shelter 
operation if they can be kept in s\ ,iGe. There will be little or no 
demand for heat in the shelter, and no~l lighting levels and water supply 
will be more than adequcte. On the other hand, the sanitary facilitie~ 
near or inside the shelter may need to be supplemented and the ventilation 
is likely to require special consid~ration. 

While most of che newer apartment buildings in excess of four stories 
have elevato~s, it may not be feasible or necessary to keep them in operation 
during all emergency. 

In the majority ~f apartment buildings the eleccricity for each dwelling 
unit is individually metered, while circuits for stairwells, halls, basement 
areas and equipment rooms are distributed through "house" paneh. During 
an emergency it might be suffic~ent f04 shelter purposes if electric service 
were maintained to the "housen panels alone. 

Normal water use in aparbnent buildings is high, averaging 50 to 120 
gallons per occupant per day, depending on the requirements of air-conditioning, 
laundries, dishwashers, lawn sprinkling and other uses in addition to personal 
consumption. ~~st buildings of any height are provided with a house pump 
and water storage in a house tank on the roof to insure adequate ~ressure 
in the water system. The system usually includes domestic hot water heaters 
and storage tanks, although instantaneous heaters are sometimes used. 
Buildings over 6 stories in height usually have a fire pump an& a standpipe 
system with extra storage in the house tank as a fire reserve. The stand
pipes supply water to hose cabinets on each floor. Occasionally extra water 
storage is provided for air conditioning. Water in the various tanks and 
pipe eystems may be an invaluable resource durins an emergenc~, 

Most apartments have a central steam or hot water heating system. Newer 
apartments may provide cooling by individual ~elf-containeQ room units, or by 
a central unit with cold air ducts, or by a system which plEpS refrigerant 
from a central location to fan units in each apartr'Ont. This 1,ast ha~ the 
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advantage that the same fan units can be used both for winter heating and 
for summer cooling. 

For couventional types of heatins the recoIIltend~d minimum fuel supply 
is ten tL"lYs. Such an G:vailable reserve could be ot great value in the 
operation of a shelte~~ r.ot only as a source of heat but also as a possible 
means of operating an emerg~ncy engine-generator for electrical power. 
Cooling might also be of distinct advantage in maintaining a comfortable 
environment in the shelter during hot, humid weather. A few apartment 
houses use central ventilation syst~s, but in most older apartment houses 
no I"~chanical ventilation is provided except in corridcrs, and in most newer 
buildings only interior bathrooms and kitchens are mechanically ventilated. 
Apartment basement spa~cs May have to be provided with mechanical ventilation 
for shelte~ use which might not otherwise be required except in the few c~ses 
where the basement is used for parking. Shelters in upper floor corridors 
may be able to do w~thout machanical ventilation if sufficient air is 
available from the adjacent unoccupied apartments. 

2-2 Typical Office Buildings 

The principal differences among office buildings relate to size; in 
other respects the?e is much less variation than among apartment buildings~ 

2-2.1 Structure 

Framit,g is predominantly steel skeleton construction which is well 
suited to the wide column spacing and suspended ceilings (with concealed 
mi!~hani cal services) typical of office buildings. Where concrete skeleton 
constrnction is used, it .:oarely exceecls 12 stories. 

~earing wall construction has been almost unknown in office building 
plannin6 sir.ce 1900, although recently several quite small office buildings 
(under five stories) have made use of the technique. Much more common today 
is the exterior curtain yall. In no oth~r buildin& type has the thin panel 
hung on the etructural fr&l1e heen used so extensively. Sometimefl, the panels 
are as thin as 5/16 of an inch, or as tM.clt: 8& 7 -3i41t

• Their wdght may vary 
from two pounds per square foot, lOi!:h no !;i~~OI1ry, to forty pounds per square 
foot: if 3. full wall of IIi&sonry back1.lr .i c: rectuired by fire code. The panel 
~~lls, w~ich once were all metal aud glass, are now being made in other 
m~terials including iarge pre-cRst concrete wall sections. Bri~k is still 
the least costly finished ~alexial available to enclose a huilding, but it 
ao::ig to total weight and its bulk reduccs b\tildiu6 floor space. Consequently, 
panel walls are quite competitive. 

In :,ost office buildings of the twenties, about 25~ of the peripheral 
wall area was glass, but the amount has increased in recene years up to 1510 
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for the glassiest of the New York skyscrapers. The combination of curtain 
wall and large glass areas renders the exterior walls of many modern office 
buildings practically valueless as shielding against fallout radiation. 
Scarcely better are the light panel walls which are generally preferred for 
interior partitions because of the ease with which they can be relocated. 
Usually, only the permanent interior partitions around stairs, shafts, toilet 
rooms and other elements of the core are capable of giving a useful degree 
of radiation shieldin6. 

2-2.2 Size 

Nation-wide over the years the average population per office building 
has never varied greatly from 1000 persons. New York bUildings run considerably 
higher, however, in one case as high as 15,000. Office workers constitute 
nearly 30% of the country's labor force (as against l6t in 1942) and more 
tn~n half are women. 

Since populations of most office buildings are difficult to predict and 
are subject to change with changes in occupancy it may be helpful for shelter 
planning purposes to estimate building population according to the following 
approximate rule proposed by American Business Magazine: 

Building Population 

Under 350 
Over 500 

Gross Bldg. Area Per Person 

200 Sq. Ft. 
175 Sq. Ft~ 

2-2.3 Space Arrengement 

Economical use of space for horizontal traffic, which is a major 
consideration in apartment hou~e planning, is not stressed in office buildings. 
In current buildings, the pattern is usually for rectangular office f.loors 
to be centered about a service core with the clear space rented to tenant& 
who devise their own internal hor1zontal traffic scheme. In general, it 
has been found that tenantp. would rather walk a distance than wait for an 
elevator; hence, the distributed elevator schemes characteristic of mcch 
apartment building planning ~re not often used in offices. 

Most codes requi~e two fire stairs in office buildings higher than 3 
stoX'ies and these ate frequently provided in the form of overlapping "scissor" 
stairs where the code does not require them to be widely separated. In addition 
to elevators and stairs the central core usually cvntains pipe shafts, 
custodial space and washrooms. Under modern codes, mechanical ventilation is 
permitted for washrooms, obviating the necessity for the air shafts found in 
~gny oider buildings. Instead of placing ruen's and women's washrooms back-to
back along a pipe space, newer designs often place the two washrooms in line, 
with a partition between them that can be relocated according to changes in 
the ratio of males to females on the floor. 
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Since one janitor's cLoset is adeq~ate to serve an area of about 7500 
square feet, most typical office floors will have at least two such clobets, 
located on opposite sides of the core. 

For many years, a catd:!.nal principle in office plJ"'Uling was that rental 
space should not be more than 25 to 30 feet from a window. The premise was 
that inte~ior space, dark and poor~y ventilated, would not return its invest
ment. Rockefeller Center stressed this idea and the reeultant buildings 
were tall, slim slabs. In such a building complex, not originally air 
conrlitioned, this was sound planningl but in air condition~d structures 
deep space can be comfortable and useful. Deep space still draws slightly 
lower rentals, but no longer is it necessarily unprofitable to build. 
Formerly, only a few buildings with a high medical occupancy made a profit 
with d2ep space by using it for waiting rooms and laboratories, but several 
~f the best new office buildings have clerical areas 45 feet deep. Some 
exceptional new buildings have virtually no windows at all. If this should 
become a trend, it would simplify the problems of planning shelter in office 
buildings. 

Among the conspicuous changes in office building planning over the last 
three decades has been the chang~ in the ~se of basement space. Not only has 
the emphasis on tower plans sometimes reduced basement size, but the basement 
space itself has altered in funclion. Since air conditioning often is best 
handled by upper-story or rooftop equipment, there has been a trend away from 
using the basement as a major mechanical equipment space. It is CO'1 unusual 
to plan ground floor space in office buildings for rental to merchants; 
consequently basements are not required for ~torage of merchanaise. In a 
few modern buildings basements have simply been ol.:itted, but in others they 
are used for printing, paper storage, business w~chines, vaults, photographic 
work, employee lounges, kitchen, cafeteria, auditorium and, most recently, 
parking. Parking may occupy as many as four basements and ocasionally extends 
up to a mezzanine or second floor. If basement parking is provided on the 
basis of one space for every 17 occupante (an average allowance), this would 
amount to slightly less than 15 square feet per occupant, which is more than 
adequate for shelter purposes. 

2-2.4 Emergency Use of Facilities 

If provided with adequate exits and ventilation, office building 
basements offer very satisfactory shelter. One basement is usually capable 
of sheltering the normal population of about twelve stories under average 
occupancy. There is also the possibility in some cases of making use of 
the core spaces on upper floors for shelter. Upper floor shelter in office 
buildings is not as convenient as in apartment buildings, however, since all 
emergency bedding, food and medical supplies need to be stored in locations 
which will not interfere with normal office use of the building. 

2-l.5 Mechanical Systems 

Some of the systems designed for normal operation of an office building 
may also be adequate, with minor modifications, for shelter operation if they 
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~an be kept in a~rvice. There will be little or no demand for heat in 
the shelter, and normal lightinr levels and wai(':i:' 5upply will be mere th~n 
adequate. On the other hand, the sanitary facilities near or inside the 
shelter may need to be supplemented and the ventilation is likely to 
require special consideration. 

Climate control by mechanical means is a cha=acteristic of most new 
office buildings. Mechanical ventilation systems ~re used not only to 
provide fresh air but to control heat and humidity on a year around basis. 
I~ modern buildings, the mechanical equipment needed to supply these services 
usually is not all located in the basement but is dispersed thrcughout the 
office ',uildingl sometimes in a central cora, sOlTletimes on upper floors, 
or sometimes on so-called "mechanical floors" located at regular intervals 
throughout the building. Mechanical ventilation systems of~en can be 
adapted to shelter purposes with minor modifications of duct"'0r1c and controls. 
A booster fan may be required for high efficiency filters when they are 
installed in the emergency air supply. 

The modern office building uses 10 Wl".tts of electriclty per square foot 
and sOfuetimes more to provide the high levels of illumination required for 
office work as well as to operate the mechanical equipment necessary to 
maintain elevator service, air conditioning, ventilation, heating and 
interior communication. 

Normal water use in office buildingl is moderate, averaging 15 to 30 
gallons per person per day. Most buildings of any height use a house pump 
to supply a water storage tank on the roof, thus insuring adequate pressure 
in the system. Buildings over 20 stories in height frequently have storage 
tanks at intermediate levels, each Rupplying water to a zone 10 to 20 
stories in height. Hot water heaters and storage tanks are usually provided 
for each zone, although instantaneous water heaters are sometimes used instead. 
Buildings over 6 stories in height usually have a system of fire pumps and 
standpipes in parallel with the domestic water supply system and similarly 
zoned. Extra storage is provided in the zone tanks to serve as a fire reserve. 
The standpipes supply water to hose cabinets on each floor and in some 
buildings automatic sprinkler systems ere provided over escalators and in 
hazardous areas~ Occasionally additional water storage is provided for air 
conditioning. Water in the various tanks and pipe systems may be a valuable 
resource if it can be made available to the shelter area. 

Except for spaces devoted solely to storage purposes or mechanical 
equipment, most typical spaces in office building basements and upper 
story core areas have mechanical ventilation which can be adapted for 
shelter purposes. Sanitary facilities are usually adequate on upper floors 
but may need to be supplemented with temporary toilets for basement shelter. 
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CHAPTER III 

DESIGN INFORMATION FOR SHELTER 

3-1 Protection Factor 

Shelter in apartment and office buildings should be shielded according 
to the maximum predicted intensity of radiation and, in any case, should 
ha~e a protection factor of at least 100 with respect to fallout radiation. 
Since the effectiveness of radiation barrier materials increases exponentially 
with thickness, the protection factor can be improved substantially above 
the minimum with a relatively small increase in expense. 

3-2 Blast Resistant Shelter 

Whe=e blast resistant shelter is planned in an office or apartment 
building, the design shoul.d also take into account the associated effects 
of initial nuclear radiation, thermal radiation and other fire hazards. 

3-3 Net Area Per 0ccupant 

At least 10 square feet of area per o~cupant is desirable for protracted 
periods. In many cases, however, larger numbers of people can be sheltered 
by crowding th~m into areas with high protection factors on the basis of, 
say, 6 square feet of net area per person during the initial period and 
perm1.tt!.ng them. to expand into areas with somewhat lower protection factors 
after the radiation hazard has decreased. 

If upper floor corridors in apartment buildings were used for shelter 
and all sleeping were done on the floor, at least 18 square feet of net 
area per person would be'occupip.d by sleepers. Even so, if enough space is 
available, this might be & very satisfactory way of organizing apartment 
shelter, since families wculd have access to their own living quarters and 
possessions and would be more self sufficient. Where space is limited, 
two or three tiers of temporary bunks should be erected along one side of 
the corridors, which are usually 3'-6" to 5'-0" wide. 

In office buildings, most occupants of the shelter will be adults 
capable of getting along on eight hours of sleep. Under these circumstances 
it would be possible to edtablish centralized ~rmitory spaces operating on 
the basis of three shifts per day. This is a highly efficient system, but 
may present problems of control, since disturbances on the part of a few 
people couln affect the portion of the shelter population which happened 
to ~e in the sleeping area. 

Bunks a?proximately 2'-1" x 6'-4" will accommodate adults. For maximU!U 
utilization of space, bunks should be placed side by side in as many tiers as 
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the ceiling height permita and should be entered from one end. Space 
requirements per sleeper, including aisles, may be estimated as follows: 

2 tiers 
3 tiers 

9 square feet 
6 square feet 

At least 9 feet of ceiling height is r~commended where J-cier bunks 
are used, with surface mountp.c light fixtures. (Recessed fixtures are 
preferable in shelters.) 

Where food service can be organized on a cafeteria basis, about 9 
square feet pel' diner should be an adequate dining space. 

If one-third of the shelter population is sleeping in 3-tier bunks 
and another third is eating in the "cafeteria" the remaining third will 
have about 15 squa~e feet of area per person for recreational activity. 

From 1 to 2 cubic f.eet of storage area should be allowed in addition 
to net area, to accommodate food~ water, bunks, medical supplies and 
portable equipment. 

If located conveniently, normal use toilets may be adequate for the 
shelter, provided there is adequate water for flushing and the waste 
disposal system can be kept in operation. Othelvise, emergency toilets 
should be provid~d to raise the total number available to about one for 
each twenty-five occupants. Emergency toilets may be chemicsl, disposable 
or an austere trough type with flushing provisions. 

Since the fresh air filters may tend to accumulate contaminated 
particles during the period of fallout, they should be placed in a space 
which is either well shieldpd or is remote ~rom the shelter area. Some 
shelters will require additional mechanical space to accommodate an 
engine-generator for emergency electrical power or a sewage ejecto~ for 
emergency waste disposal. Air supplied to the engine-generator room for 
cooling purposes should be filtered. 

Whether it will be more desirable to group shelter spaces in a single 
area rather than to have a number of smaller shelters at various locations 
throughout the apartment or office building depends primarily on the space 
organization of the building and the ease and economy with which the basement 
or other spaces on intermediate floor levels can be developed a$ shelte~. 
Communications and feeding problems are minimized under an arrangement where 
shelter space is grouped within a Single area, and there are likely to be 
other benefits, such as a simrier, more economical mechanical system and 
a reducticn in the number of openings required for access and for air 
intake and exhaust. 
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On the other hand l smaller groups in dispersed shelter spaces throughout 
an spartment or office building may be more manageabla, especially when lhey 
are based on eXisting family or office organization. The level of morale 
may oe enhanced where familiar patterns of human contact are maintained. If 
a basement area is used for shelter space, it will simplify administrative 
problems if the shelter space can be planned so that various activities; 
such as sleeping, eating and active rec~eation, can be carried on in 
separate areas. 

3-4 Ventilation 

Natural ventilation may be sufficient for shelter on upper f~oors. 
Basements used as large group Rhelters will usually require some n.aans of 
mechanical ventilation during an emergency. If the emergency ventilation 
system is planned to furnish at least 3 CFM of fresh air to every person 
in the shelter, the carbon dioxide content in the air will not exceed 0.5 
percent by volume and should not prove harmful even to active persons. The 
orJgen ~ontent will be ample under these conditions. 

Another function of the ventilation system is to maintain temperature 
and humidity below the point where a sedentary human body generates mo~e 
heat than can be lost by convection, radiation and evaporation, with a 
consequent rise in body temperature. The th~eshold of this condition ls 
in the ~eighborhood of 85 degrees effective temperature, a term used to 
describe any combin~tion of temperature and relative humidity giving the 
same feeling ~f comfort (0: discomfort) as 85 degrees F. at 100 percent 
relative huroidity, under the "still" air conditions prevalent in shelters. 

Where it is desired to make provision for future installation of filters 
for chemical and biological warfare agents, a boaster fan or some other means 
of overcoming the additional static resistance at these filters should be 
considered. Keeping the shelter under a slight positive pressure, in th~ 
order of 1/4 inch of water, will help prevent the infiltration of air-borne 
tdxic agents of this type or. of combustion gases fro~ outside conflagrations. 

In hot and humid climates" whGr~ apartmeD~ and office buildings 
normally have equipment for cooling and dehucidifying the n?rmal air 
supply, this equipment will usually be adequate to condition the emergency 
air supply and should be adaptable for this purpose. Where mechanical 
cooling alone is provided, it may be necessary i4 some cases to increase 
the rate of ventilation with outside air to help control high relative 
humidities within the shelter and to reduce condensation or. interior 
surfaces which are below the dew point temperature. Calculations for 
cooling requirements should take into account the conductive cooling 
effect of the surrounding earth when the shelter or intake duct is 
below ground. 
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The principal modifications to a normal ventilation system to adapt it 
to shelter use arc in the i.ntake and filter arrangements. The intake should 
be &creencd and weather-proofed and should be placed in a location where it 
is not likely to be choked by debris or invaded by products of combustion. 

A large percentage of fallout particles can be prevented from entering 
with the air stream by placing intake openings at least 2' fe~t above any 
surface (including snow) th~t might collect fallout, and by designing the 
int~ke so that the air turns through at least 90 degrees and enters in an 
upward direction at a low velocity. A system of baffles and settling chamber 
in the intake duct is also a feasible method of excluding large fallout 
pRrticles from the air sup?ly. In any case fresh air filters are essential, 
preferably located at t~e intake fi~ture. If filters are located within 
the building, shielding walls are required between the filter room and any 
occupied shelter space to protect the occupants from r~diation due to 
contaminated material collected by the filters. It may be prudent to consider, 
in the original design of the fresh air system, location and epace require
ments for futur~ installation of filters against chemical or biological 
warfar,:! agents. 

Filtered fresh air supplied to a sheltar may vary from a minimum in 
winter to 100% in Bummer: with corresponding variations in the amount of 
recirculated air. Fresh air fans and recirculating air fans should have the 
capacity and flexibility to adjust to these diiferent requirements. Although 
positive displacement rotary blowers have a more constant delivery under 
varying static pressures, cost considerations usually favor the use of 
centrifugal fans. The quanticy of air delivered by a centrifugal fan at a 
given speed decreases as the system resistance increases, but this effect 
can be corrected by means of variabl~ inlet vanea, adjustable dampers or a 
multi-speed d~ive. 

In both apartment and office buildings separate exhaust fans are usually 
provided i,n areas which are sources of moist~re, odors and other aiT.-borne 
nuisances. Th~se areas may include parking garages~ kit.chens, 8cuL'eries, 
cafeterias, employees' lounges, toilet rooms, janitor's closets and ruaintenance 
shops among others. In order to keep the shelter under positive air pressure 
and to direct the air flow it may be necessary to close some of the exhaust 
dampers and to stop the exhaust fans. An ideal arrangement would be to supply 
air to sleep!ng and general activity spaces under sufficient pr:!ssure so 
that it will exhaust successively through kitchen, toilet rooms and (in 
some cases) the engine-generator room to the outside. 

If no reliable source of power is available, sarne provision should be 
made for manual operation of the ventilatiol' flystem. In a large shelter, 
manual drive may not be fe£sible unless filters and other sources of flow 
resistance are by-passed. 
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3-5 W.~er Supply 

Water should be supplied to the shelter in as generoue quantities as 
the situation permits. At least 3-1/2 gallons per person of Qrinking water 
is required. Additional wate~ supply will be useful for person3l cleanliness, 
preparation of food, cleaning ctensils, removal of wastes, cooling an engine
generator, cooling the air supply and emergency fire-fightingo 

The water requi~ements for thaBe various uses are not ~ecessarily 
~umulative, since water used for cooling and dehumidifying the shelter may 
subsequently be used for engine cooling, personal hygiene, and ultimately, 
waste dIsposal. If the public water supply is drawn fro~ wells, there is 
little danger of contamination from radioactive particles, If, however, 
water is stored in reservoirs, exposed surfaces may be contaminated. 
Soluble contaminants are not likely to be present in large concentrations, 
Although particle contaminants can be removed by filters and soluble contaminates 
can b~ precipitated out, removal procedures are more practicable at the water 
plant itself than in the shelter. 

If it is determined that while the public water supply is likely to 
continue, it is also likely to be contaminated, contamination will not 
preclude the use of such water for waste disposal, heating or cooling. 

Where installation of a well is not feasible or not economically 
justifiable, and whele the normal water supply cannot be relied ~pon, the 
Rupply of drinking water inside the shelter should be assured either by 
means of a storage tank or by ~torage in sealed, shatter-proof containers. 
Water in a storage tank can be kept fresh ~y placing the tank in series 
with the normal water supply and making provisions for valving it off 
during emergencies. 

3-6 Food 

Although prepacked food rations are likely to be the main source of 
food supply, it may be possible to supp~~ment them, at least at first, from 
nO~mP.l use supplies from individual kitchens of an apartment house or from 
the cafeteria of an office building. 

There would be psychological advantages to retaining a semblance of 
familiarity in the diet. A three-meal-a-day schedule should be retained, 
if possible, with some foods ~d beverages heate~ Qn hot plates. Occasionally 
it may even be possible to keep some food refrigerators and freezers in 
operation. If the shelter operated on shifts, food pervice might be practically 
cnntinuous. 
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3-7 Noise Control 

Noise is an important factor in fatigue, and since a shelter is apt 
to be crowded and uncomfortable at best, it is well worth while to take 
advantage of any opportunities to reduce noise levels. It will help if quiet 
and noisy activities can be carried on in separated spaces. Bmergency 
mechanical equipment, especially a diesel engine-generator, should be 
provide~ with vibration isolators and placed in locations where it will 
cause the least discomfort. A somewhat noisy ventilating duct system may 
not be a disadvantage, however, since the air noise will tend tc sD~oth 
out more distracting sounds. 

3-8 Health 

Shelter occupants are expected to suffer only transient effects from 
~ven a prctracted period in the shelter, if reasonable provisions are made 
for disposal of wastes, personal cleanliness, disease control and first aid. 

If normal sanitation practices are not feasible, wastes should be deposited 
in sealed containers and should be removed from the shelter as soon as it is 
safe to do so. Paper and burnable rubbish should not be allowed to accumulate 
uecause of the possible fire hazard. 

Personal eleanliness can be accomplished by sponge bathing from portable 
wash basins i1& order to conserve water. 

Although most persons in shelters would be in normal health, a few may 
have chronic diseases or a particular susceptibility to disease. Others 
may have been exposed to an infection prior to entering the shelter. The 
presence of young children in apartment shelters will increase the incidence 
of colds and other contagious diseases, and the spread of infection will be 
aggravated by the crowded conditions of shelter occupancy. A space should be 
designated for isolation and bed rest capable of accommodating perhaps 5 
percent of the shelter popuJ,ation. Ideally, this space should have its own 
toilet and sink, a locked storage cabinet for sickroom supplies and a hot 
plate for sterilization of equipment. 

Because of limitations of staff and equipment, serious cases of physical 
or mental illness will receive little diagnostic or therapeutic care. However, 
possible ill effects can be minimized ~y advance planning and preparation. 
Individuals who are to be responsi.ble for the administration of the shelter 
would be well advised to take the ~asic National Red Cross First Aid Course and 
perhaps the Red Cross Home Nursing Course called "Care of the Sick and Injured." 
FUrther, the occupants of thE building should be surveyed to determine if any 
suffer from chronic diseases requiring continuing medication or special care, 
such as diabetes or heart disease. Arrangements should be made with these 
individuals and their physiCians to ensure that the disease can be given 
proper treatment during the period in the shelter. 
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3-9 ~ntel Heelth 

Overcrowding, heat, humidity and rationing of food and water taken in 
the context of the general monotony of shelter life may aggravate basic 
emot1o.~al instabilities in some individuals. Th1.s will probably be more 
true of adults than chiidre~ as under emergency stress children tend to 
have more psychological resilience than their elders. MOst people respond 
more favorably to unusual situations if they are able to meet them in 
reasonably familiar social and physical environments. 

Consequently, shelter space arrangements should provide continuit~ of 
group relationships, rather than adding disruptive influences by breaklng 
up familiar groups. In addition, wherever possible, food and sleeping 
arrangements should approximate normal conditions. 

Despite all precautions, howeve~, it is wise to anticipate the 
possibility of major emotional upsets and behavior problams on the part 
of one or more persons. Should such an upset occur, some means of control 
or confinement will be necessary to avoid demoralizing effects upon others 
in the shel ter • 

3-10 Fire Safety 

Fire prevention inside a shelter is primarily a matter of good house
keeping and commcn sense. The structure may be incombustible, but if paper 
and trash are sll~d to accumulate, they can easily be ignited and can 
quickly produce enough heat and smoke to drive people outside. 

Inflammable liquids or open flame devices should not be permitted in 
the shelter for cooking or any other purposes. Not only is an open fl~ 
a possible fire hazard, but also, if combustion is not complete, it is a 
source of carbon monoxide. 

Si~ce it will seldom be possible to enforce an effective ban on smoking 
in the shelter, it should be limited to a safe, well supervised and ventilated 
area. 

Where apartment and office buildings are provided with standpipe systems, 
hose cabinets should be located in the shelter area. Portable fire extinguishers 
have the disadvantage that~ once discharged, they cannot be recharged in the 
shelter. One or morc pump-type water extinguishers with refillable tanks may 
be useful. Carbon dioxide extinguishers or other types which tend to make 
the air unbreathable have no place in a shelter. Where buildings are provided 
with a sprinkler system, it would be ad,rantagf,ous to extend the system to pro
tect the shelter area. 

3-11 Admin!~tration 

Some space should be set aside for the ex~lusive use of the administrative 
staff. An outside telephone should be located here as well as a Conelrad 
receiver and any .\ther communication facilities such as a house telephone, or 
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~ public addLCss ~ystec. Rauia~ion monitoring devices could be stored here~ 
as well as technical manuals, equipment lists, spare parts and a logbook. 
The administrative area should be located, preferably, where it will have 
visual control over the principal shelter area. 

While upper story shelters will usually house smaller, more easily 
controlled groups, the distances from the central administrative center 
will increase the problems of coordination. Under such circumstances, 
there should be a sub-center for administration on ~ach floor with direct 
communication to the central administrative center. 

Shelter operations fall into two categories: technical and administrative. 
The technical requirements of equipment maintenance and operation and sanitation 
can probably best be handled by the building's own maintenance personnel. 

The administrative functions require individuals of considerably more 
background and training. In addition to supervising the general technical 
services required, administrative personnel must also be responsible for 
assignment of space and duties, food service, medical care, communications, 
census, inventory, security and morale. 

If all shelter is in a Single concentrated area, such as the basement, 
a Single management team will be sufficient. If intermediate floor levels 
are used for shelter some system of floor management must be set up. The 
floor management might reasonably be drawn from the tenants of that 
particular floor. The responsibilities of floor management would be 
principally those ot communications, security and morale. 

Communication is essential between the upper floors and the administrative 
center, in ordetto maintain schedule, transmit irformation and mobilize to 
meet local emergencies, such as fire. If neither a house phone or a public 
address system is available, a temporary telephone system could be strung 
up through the stairways. If possible, all shelter floors should be 
provided with C~nelrad receivers. 

Some provisions should be m&de for the storage o~ recreational facilities. 
Books, games and arts and crafts materials should be selected as appropriate 
to the character, age groups, and intellectual in~erests of the shelter 
occupa~ts. 

Problems of shelter management will be minimi~ed if the management 
group prepares a detailed plan for placing the shelter in operation and 
conducting its activities day by day, and ensures that every occupant of the 
building understands both the plan and his own individual responsibilities. 
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CHAPTER IV 

APPLICATION OF DESIGN INFORMATION 

4-1 E1isting Builuings 

Nearly all baseme!\t space in existing multi-story building,; offers good 
protection againat fallout radiation. The principal probl~ms in adapting 
these basements fOT shelter purposes are usually those of access and ventilation. 

In addition, there may be spaces on upper floors which have sufficient 
distance and shieldins between them and the fallout en adjacent roofs and 
ground to give an adequate protection factor. \ccess and ventilation will 
usually be adequate in these spaces. 

If mechanical spaces are used for shelter, they should be checked to be 
sure that exits are adequate and that any stgam or gas mains in the area 
are properly housea to minimize danger from possible rupture. Storage rn0m3 
should not be de~ignated as shelter unless a plan can be devised for clearing 
them quickly of stored mat~rials. 

In some cases it may be aesirable to f\'~nish the shelter area with an 
internal system of braciD~ to support additioTUll shielding material or to 
give the structure impro',ed resistance to blast and debris loads. Where it 
is ne~essary to support guch loads, it is best to locate the shelter in a 
portion of the building which is structurally compact; that is, with closely 
spaced columns and walls and not more than average ceiling heighte. 

In existing buil~!ngs it may be useful to consider a ~o-stage or 
gradu&ted shelter; that is, the use of one space with a relatively high 
protection factor into which the occupants can be cr)wded at, say, 6 square 
feet of net area per person during the initial shell.er period, followed by 
expansion into more comfortable but less protectedJ.reas of the building 
when the radiation hazard has diminished. As an e~ample, shelter on upper 
floors can thus serv~ as expansion spa~e for a basement shelter. 

4-2 New Designs 

When the concept of shelter is included in the preliminary planning of 
an apartment building or office building tt becomes possibl~ to provide 
better organized shelter for more people at lower unit costs as compar~d with 
shelter in existing buildings or separate fallout shelters. 

Since basement shelter is usually the most economical, the building 
should be planned, where possible, wIth as much basement space as can be 
usei e~~ectively '.nder normal conditions. In apartment buildings, basement 
space for recr.Eet~~n, group use, laundry and drying rooms and parking can 
be more easily adapted to shelrer than ~an tenant or building storage areas. 
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In office buildlngs, baseruent sheicer could most e~s11~ b~ develuped In 
spaces used for employee lounges, cafete=id, auditorium and park!~g. 

So far as shelter on upper floors is conr.etned, the planning approach 
is somewhat inhibited by the fact that these floors, in apartment buildings 
and office buildings, are the ont~S which !I1Ust attract tenants if the building 
is to earn its way. The obvious expedient of increasing the mass of the 
exterior walls and reducing the area of wind(~s, which would improve both 
the shielding and air-conditioning aspects of the building, is not likely 
to be adopted as long as it is inconsist~nt with what most tenants like and 
expect. On the other hand, certain areas on upper floors can be planned to 
provide shelter in such a way that few tenants will even he aware of the 
differences. 

In apartment buildings this may be accomplished by increasing the mass 
of the partitions enclosing interior spaces such as kitchens, toilets, 
corridors, stairways and store rooms and by developing the plan in such a 
way that openings through this partition are offaet or provided with baffles 
against direct entry by radiation from outside. In office buildings it 
may be accomplished by planning the elements of the central core (elevators, 
stairs, toilet rooms, custodial space, mec.hanical space, storage and 
circulation space), so as to provide a sheltered area on each floor. In 
either case the structure can be designed to develop a degree of resistance 
to blast and debris loads. 

Ventilation, water supply and electrical distribution and sanl.tary 
systems ~an be planned for ease of operation and control during an emergency. 
Emergency lines of communication between separate shelter areas cau be 
provided. Access can be planned for the maximum rate of entry consistent 
with proper protection of openings. These items require thorough under
standing of the problem and a considerable degree of design ingenuity and 
proficiency, but may involve very little in the way of additional cost. 

sure: 

4-3 Points to Check 

In planning shelter in apartment and office buildings check to be 

1. Full advantage has been taken of all area that could 
be used as shelter. 

2. Exits are adequate both for normal and emergency 
use. Door swings should be correct for normal use. 

3. Outside utilities have been evaluated as to pro
bability of service being maintained during emergencies. 

4. Water stored in the building is available to shelter 
arellS. 
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5. Fresh ei.r intake is properly designed to eliminate 
large partitles and is located whe~e it is not likely ~o 
be affectee by debris or fire. 

S. Adequate shielding is provided between shelter 
ar~as and the space containing the freah air filters. 

7. Where an emergency generator has been provided, 
adequate filtered air is supplied to the generator room. 

8. Where additional filters a~e used for emergency 
fresh eir supply, provision has been m~de to balance the 
increased static head in the ventilation system. 

9. Where feasible, the ventilation system has been 
designed to keep shelter areas under positive pressure. 

10. ~lel storage tanks and Eupply lines are safely 
located. 
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CHAPTER V 

SPECIAL PROBLEMS 

5-1 Inter~uption of Essential Utilities 

Few apartment and office buildings have their own wells and sewage 
disposal systems. They depend almo9t entirely on public utilities for these 
service~, as well as for electric power. These services will be adequate 
for sl.elte~ requirements provided they can be maintained during the emergency 
period. 

In order for ?ower, wat.er supply and sewage disposal plants to function 
during the emergency period, essential operating personnel must be provided 
with shelter, and the plant must be so situated and constructed as to surviv~ 
nuclear ~ttack without critical damage. These requirements are much easier 
to meet for conventional water supply and sewage disposal plants than for 
conventional power plants. Moreover, water can be stored in the shelter and 
sewage can be ejected on an improvised basis, so that interruption of these 
services need not be a serious inconvenience. 

By contrast, loss of power is a critical problem siuce in a large 
basement shelter it means loss of ventilation. Sta~dby sources of light and 
of heat for cooking can be provided, but manual operation of air handling 
units is not usually practicable in an apartment or office building base
ment shelter. 

Standby batteriea are not regarded as a practical source of emergency 
power for apartment or office building shelters becauee of their bulk, 
relatively short service life, and their basic incompatibility with the 
electrical characteristics of the normal lighting and mechanical loads. 

If normal power is likely to be interrupted, a stand-by engine generator 
should be provided of an adequate size and with sufficient storage of fuel 
to maintain at least ventilation and minimal lighting over a two-week period. 
It may also be economically feasible to operate pumps, sewagp. ejector, and 
similar first priority equipment from this generator. 

It i8 extremely important that fuel storage is located in an are~ 
protected from thermal effects in order to eliminate the possibility of 
ignition. Supply lines also should be protected from possible severance 
by ground shock or structural debris. 

Although the National Electric Code calls for automatic load transfer 
devices where emergency power is supplied, because of the high cost of this 
equipment and the special character of the shelter emergency, manual double 
throw switches are consider2d adequate and appropriate for this purpose. 
Battery pack lanterns should be provided in critical areas, of the type which 
lights a~tomatically when the normal power source fails. 
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must be restarted manually and individually. In so ~ cases, t:Juced voltage 
starting devices or special motor types should be considered, ~~ reduce ~tarting 
loads on the generator. 

Gasoline engine-generators are available in the smaller sizes. Since 
gasoline cannot be stored mo~e than about a year without deterioration, it 
ahcwld be used and replaced on a regular schedule. Alternatively, the 
car~~retor should be designed to accept liquified petroleum gas or natural 
gas. In some localities the pressurized storage tanks used for liquefied 
petroleum gas are required to be installed above grade. 

Diesel engine generators are rugged and reliable} but are more expensive 
than g~soline units in the smaller sizes and are harder to start. Diesel 
fuels of the straight run type, such as kerosene, can be stored indefinitely. 
Heavier types, however, may settle after a time. 

Engines should be water-cooled if a reliable water supply is available. 
If water is in short supply, it may be advantageous to use remote radiators 
(outside the shelter) and locate the generator inside the prot~cted area 
where it can be serviced aud maintained. 

5-2 Extreme Clima~es 

P.eating will seldom be a major problem in a shelter, sinc~ crowded 
human beings ordinarily yill gene~ate more than enough heat to maintain 
environmental te~perature at 50 degrees F., which is considered acceptable 
for warmly-clothed people in good health. Basement sr.alte~s will ordinarily 
be at a comfortable temperature at the beginning of the eme~gency period. 
In extremely ~old climates it may be advisable either to continue operation 
o~ the normal heating system or to provide an emergency heat source. Open 
flame heat s~ur~es should not be ~sed, beca~F,e of the fire hazard, the 
oxygen depletion and the build-up in carbon dioxide which they will create 
within the shelter. Electrical resistance heating or heat recovered from 
the cooling system of an engine generator may be used instead. 

In hot weather the rise in temperature and humidity due to human 
metabolism can often be kept within acceptable limits (d5 degrees F. 
effective temperature) by taking advantage of the conductive cooling effect 
of the surrounding earth or by increasing the rate of ventilation with 
outside air. 

The adequacy of earth conduction for limiting t.he t~mperature rise in 
underground shelters during hot weather depends upon many factors, including 
the fo llowing : 

1. AggregRte area per person of wall, floor 
and ceiling surfaces. 

2. Thi.cknesR of overheE'd cover. 
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3. Thermal properties (denRity, specific heat, conduc
tivity, and moisture content) and initial tempereture of 
the surrounding earth, concrete and other construction materials. 

4. Quantity, temperature and hr .Ldity of the ventilating 
air. 

5. Fhysical activity and metab~lic ~h~racteristics of 
the occupants. 

6. Presence of other heat sources. 

7. Configuration (size and shape) of the shelter. 

A relatively large surface area per person is characteristic of most 
small shelters and of l~rge shelters having a narrow elongated shape, 
such as shelters in tunnels. Data from several tests indicate that in most 
localities the cooling effect of the surrounding earth is suffic!ent to 
maintain an acceptable thermal environment in small shelters during an 
occupancy period of two weeks assuming that the soil is neither unusually 
dry, light nor initially warm. 

In the case of a large shelter which does not have mec~.nical cooling 
and dehumi~ifying equipment and relies upon earth conduction, the ventilating 
system should be designed to supply large quantities of outside air to the 
occupied spaces during hot weather and to reduce the supply to a minimum 
during cold weather. Drafts and stagnant areas can be avoided through the 
use of a simple system of distribution ducts and diffusion outlets. 

Where outside effective temperatures exceeding 85 degrees F. are expected, 
the air supply may have to be cooled and dehumidified. This can be done 
inexpensively by pas6ing the air through coile cooled with well water, if an 
adequate well can be ueveloped on the site. Under circumstances requiring 
air cooling and dehumidification, about 15 CFM per person of conditioned 
air should be supplied to the shelter, of which at least 3 CFM should be 
outside air. 
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DESIGN EXAMPLE.§. 

6-1 Typical Apartment Building 

The basement of this six story apartment building is plannec for 
laundry, mechanica 1 space and tenan t 5 tor age • In an emerge:lcy it will 
provide shelter with a protection factor cf 350 or better for 380 persons. 
The peak normal building population is about 300. 

The building makes use of concrete skeleton construction and brick 
masonry exterior walls. Because of the slender plan and the minimal corridor 
area there is scarcely any useful shelter area on the upper floors. The 
basement has been converted into shelter by blocking up windows and providing 
mechanical ventilation. 

In emergencies water is availa~le from normal storage and from a lI/ell 
and pressure tank. Sewage ejectors are provided in the basement. A 51) 

KW engine-generator furnishes emergency power. 

Total cost for the shelter in addition to the conatruction cost of the 
building is estimatec at $39,100 of which $9,100 is for the engine generator, 
its fuel supply and related equipment. This amounts to a total shelter 
cOllstruction cost of about $103.00 per pereon and an increase in building 
construction cost of about $0.61 per square foot. 

6-2 Twenty-two Story Apartment Building 

The basement of this 22 story apartment building will provide shelter 
with a protection factor of better than 5000 for 120 persons and with a 
protection factor of better than 200 for an additional 390. 

The t~p floor is used to h~use mechanical equipment and the ground 
floor is used for lobby and circulation space. The corridors of intermediate 
floors provide shelter with a protection factor of 100 or better for as 
many as 2500 additional persons. Peak normal building occupancy i8 about 
700. 

The building makes use of exterior curtain walls and steel skeleton 
framing, and is completely air-conditioned by an absorption unit in the 
penthouse and a cooling tower on the roof. District steam is provided for 
heating. 

The fresh air intakes are provided with baffles and filters to exclude 
fallout particles and are planned to permit future installation of chemical 
and biological filters. 

Water for emergency utility and sanitary purposes is available from a 
well and pr~gsurc tank. Normal cold water st0rage is adequate for emergency 
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I drink~ng wut~r. Sewage cj~ctu~s dL~ ptovided in ~ne basement shelter. A 37~ KW 

engine-generator furnishes emergency power. Water from the radiator of the engine
generatcr may be used as a source of emergency heat. 

Total cost for shelter over and above the normal construction cost of the 
building is estimated at $125,370 of which $50,700 is the cost of the engine
generator, fuel storage and n'lated equipment. This amounts to a total shelter 
construction cost of about $41.70 per occupant, and increase in building con
struction cost of about $0.42 per square foot. 

6-3 Typical Office Building 

The basement of this six-story office building is planned for light storage 
and has sufficient area to provide shelter with a protection factor of 1000 or 
better for 530 persons. Core Jreas of the upper flo~rs can provide shelter with 
a protection factor of 100 for an additional 450 persons. The normal building 
population ordinarily would not exceed 500. 

The building makes use of exterior curtain walls and steel skeleton framing, 
and is cc.mplete!.y air-conditioned b:; means of absorptic 1 units local~ed in the 
basement anu a cooling to~er located on the roof. District steam i£ supplied 
for heating. 

The fresh air intake is provided with baffles and a filter to e~~lude fallout 
particles and is planned to permit future installation of chemical &nd biological 
filters. 

Water for emerg~ncy use is available from a well and pressure tank. Sewage 
ejectors are provided in the basement. A 200 KW engine-generator furnishes 
emerge1cy power. Water from the radiator of the engine-generator may be used 
as a source of emerger.cy heat. 

Total cost for the shelter over Q~J above ~he normal construction cost of 
the building is estimated a~ $70;770 of which $29,54~ is for the engine-generator, 
its fuel tank and other related equipment. This amounts to a total shelter cost 
of about $72.30 per occupant and an increase in building construction cost of 
about $0.71 per square foot. 

6-4 State Office Building, Pittsburgh, Pennsylvania 

Part of the basement of this (xisting l6-story building has been adapted in 
accordance with a design developed by the General Services Administration to pro
vide mechanically ventilated shelter with a protection factor of 1000 or better 
for 150 persons at 8 sq. ft. of net area per occupant. The remaining areas of 
the basement are not mecG.'?nically ventilated, but ar~ capable" with moc:erate 
infiltr~tion of fr~sh air, of sheltering an additional 460 persons wi~h a pro
tection factor of 250 or better. It is estimated that an additional 640 persons 
can be sheltered in the corridors of floors 4 through H. Since the normal 
building population is about 1300 persons, it is apparent that all of them can 
b~ sheltered with a very moderate degree of crowding. 

In c!nt'r-gencies, water is available from normal storage and from a 
well ..lnd pressure tank. A kitchen sink and a waste water ejector are 
provided in the primary basement shelter area. Normal use toilets in the 
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bal~ment locker area aT.e supplemented by two chemical t~ilets in the 
p~imary shelter. 

tf normal electric service is interrupted, manual transfer switches 
may be used to shift shelter lighting, ventilating and other essential 
loads to a 25 KW gasoline engine-~~~erator located. in the basement. Exhau&t 
air from the primary shelter area is used to cool the engine. 

The fresh air intake is provided with a settling chamber and a filter 
to eliminate fallout particles. Radiation shielding is provided between 
the filter room and the shelter area, and there is adequate space for 
future in~tallation of chemical anc biologlcal filters. 

There is no extra ventilation or special provision for shelter in 
corridors of upper floors. Food, water and other emergency supplies for 
these areas can be stored in the basement shelter. 

The cost of the additions aud alterations to provide shelter in this 
~uilding are estimated at $22,500 or about $18.00 per occupant. 

6-5 State Office Building, Albany, New York 

Shelter with a protection factor of 10C or better for 1400 persons 
has been provided in core areas at each end of the ground floor &nd of floors 
1 through 4 of this 6 story building. The fifth and sixth floor are not 
used for shelter because of their proximity to fallout on the roof. Initially, 
there would be only 9 square feet of net area per shelter occupant, but with 
no~mal decay of radioactivity it will be possible for persons in the shelter 
to disperse into adjacent areas of the building after a few days and pass 
the rest of the shelter period more comfortably. 

nle building is steel skeleton construction with exterior curtain 
walls of glass. ~\;e cor~ areas at each end each contain fire stairs, men's 
and women's toilet rooms and a conference ro~. Core areas are shielded by 
l2-inch concrete bJ~ck ~alls which are solid on the second, first and ground 
floors, and hollow elsewhere. 

In emergenci~s, water under pressure is available from an elevated 
storage tank nearby on the site. Conventional sanitary facilities have 
been supplemented with disposable toilets. One 40 KW diesel generator 
with a two-week supply of fuel was plsced in each end of the building. The 
normal vent~lation system of the building is adequate and available for 
shelter use, and is ce.pable of. maintaining a slight positive pressure inside 
the shelter. 

Total cost for the shelter in addition to the construction cost of the 
building is estimated at $42,000, or $30.00 per occupant • 
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APPENUIX A 

E FFECTS OF N\,;\;LEAR WEAPONS 

The md teridl presel.tcd herein is of an introductory nature intended 
to idcnti fy anc.! uimco$ion nuch~ar weapons eff(~cts. More complete information 
m,lY he .)btdincd trom "The Effects of Nuclear Weayons," U. S. Government 
Printing Office, Washington 25, D. C. and Professional Manuals of the 
O(fic~ of C!.vil Ddensc Technical Publications Program. 

This material is further restricted to low level blast and accompanying 
l-.:vels of initial nuclear dnd thermal radiation, and to the residual nuclear 
radiation aasociated with fallout. 

All types of explosions - industrial, conventional high explosive 
weapon~, and nuclear wea~ons - release a tremendous amount of ene~~y 
within a relatively confined space over a very short interval of time. 
Thi~ '!ncrgy release is largely in the form of heat energy; a portion 
appearing as a flash of light and a heat wav~, and a portion coverting 
the explosion products into gases at extremely high tE:'mpera'tures. Inasmuch 
dS these gaseous products are initially confined within a small volmne, 
tremendous pressures exist. As the hot gases expand, a shock wave is 
developed whtch propagates outw ... rds from the center of the explosion. This 
shock wave, or blast wave as it is more usually referred to, is very similar 
to a rapidly moving wall of water. As ~he wave encounters an object it 
engulfs tb! object with a resulting squeezing action and attempts to drag 
along the object with a resulting racking action. 

In addition to the fac.t that: the total energy release of a nuclear 
explosion is many thousand times that of a conventional high expl.osive, 
thus extending by many order.s of magnitude the destructive range of the 
thermal energy and blast wave, the nuclear explosion is accompanied by two 
entirely unique weapon effects. 1:heee are the initial nuclear radiation 
and the residual nuclear radiation} ~ommonl.y referred to as faliout 
r:}diation. Whf'reas the eHects of conventional we:.ponfi are significant 
only withih several hundred feet of the detonation, the tremendously 
:51'eater en<.!rgy release and fallout of a nuclear weapon make lts effects 
of Significance tv several hundred rui1.es. Thus, weapon!: effects are no 
longer a ryoin~ pr~~i~m, but an area problem. 

Because of these fundamental diffennces - the f'ffects of nuclear 
weapons acquite specLal significance in the architectural and enginee~ing 
pld~ning ot 311 buildings. 



Yield of a Nuclear Weapon 

: ... e size of a nuclear weapon, referred to as its power or yield, is 
exprr.ssed in terms of the energy that is released by TNT. Thcreil)re, a 
one-kiloton (1 KT) nuclear weapon releases an amount of ent:lrgy equivalent 
to that released by one-thousand (1,000) tons of TNT, whereas a one-megaton 
(1 MT) nuclear weapon releases energy equivalent to one-million (l,OOO,OOr) 
tons of TNT. Nucle~r weapons have been detonated with energy releases 
ranging from a fraction of a kiloton through the 20 kiloton weapons 
det"nated over Japan in 1946 to multi-megaton weapons detonated in nuclear 
tests conducted during the past several years. To d~scribe the effects 
of l:~rge and small yield nuclea-: weapons s a 2 MT and a 100 KT weapon have 
baen selected for illustrative purposes. 

In the explosion of a nuclear weapon, the distribution of energy i~ 
determined by both the type of construction of the weapon and the location 
of the burst (fission, fission-fusion, fission-surface, underground burst). 
While the fission process maximizes the nuclear radiation effects, the 
fusion process maximizes the blast and thermal effects. An ai~ burst 
below 100,000 feet tends to maximize the blast, thermal radiation, and 
initial nuclear radiation, while minimizing the residual nuclear radiatiod. 
A surface burst maximizes the residual nuclesr radiation, while minimizing 
the air blast, thermal radiation, and initi~l nuclear radiation. An 
underground burst maximizes the shock eff~ct while little or no thermal 
or nuclear radiation escapes. 

The distribution of energy in a typical air burst of a fission weapon 
such as was detonated over Jap<!l1 is as follows: ao;;,ut 85 percent is in the 
form of heat energy} of which about 50 percent producec blast and shock: 
and 35 pet'cent appears as therm?i radiation (heat and ligh rays); 5 percent 
constitutes the initial nuclear radiation produced wlthin the f~rst minute 
8t:ter an expl~slcn; and 10 percent J.S residual nuclear radiation eluitted 
ever a very long period. 

Blast Effects 

In considering the destructive effect of the blast wave, the two mose 
important characteristics are (1) the overpressure, i.e., the excess over 
atmospheric pressure caused by the compression of the air withill the blast 
wave, 3nd (2) the dyn~ic pressures (the wind pressure caused by th~ motion 
of the air particles within the blast wave). Most conventional ~tructures 
will be damaged to scme extent when the overpressure in the blast wave ;.s 
approximately one pound per square inch - the pressure at which glass 
windows will usually shatter with an occasional window frame failure. 

It is pertineaC to call attention to the facr that the above pressures 
and those to be discussed later are all ::"n tenns of pounds {:-er square inch 
<pst), where one psi is equivalent to 144 pounds per square foot (~r-f). 

A-2 



[ 
r 

ate 
-~ ..J. 

-~ 
-tc!) 

z 
OVERPRESSURE ~ 

OYNAMlC PRESSURE 

!I! 
c( 

c.. 



Inasmuch as conventional wind load design is for approximately 50 pounds re~ 
squ~re foot and d~5i~n floor loads are on the order of only 80 to 100 pound 
per square foot" the importance of the pressures encountered in the blast 
wave of a nuclear explosion is immediately evident. 

As the blast wave advances away from the center of explosion, the 
overpressure at the front steadily decreases due to the increased volume 
and the pressure behind th~ shock front falls off. The overpressure, which 
is caused by the compression of the air within the blast wave" acts equally 
in all directior.s and thus tends to compress or squeeze any object engulfe(. 
by the blast wave. The dynamic pressure" which is caused by the moti~n of 
the air particles within the blast wave, acts in direction of the movement 
of the blast wave and this tends to push or drag any engulfed object. 

The difference in the air pressu~es outside and inside the building 
produces a force whi=h can cause damage. After the blast wave has completely 
engt11fed the building" not only will the building walls and roof experience 
this force, but also the frame of the building will be subjected to a drag 
force caused by the dynamic pressure. Thus" when the blast wave encounters 
a building, there is at first a buildup of przssure on the front face. This 
is followed by a gradual unloading of the front face as the blast wave 
progresses pase the face and sequential loading of the roof" ~he sides and 
las tly the bal.!k face. 

The st~uctu?al damage sustaine1 by a building will depend on the 
relationship of the loading to the structural strength and rigidity. This 
structural strength and rigidity will in turn depend upon the basic structural 
system, materials of construction" sizing of individual elements" connection 
details l etc. The blast loading will depend upon the size and location of 
the uuclear weapon deton4tion" the building size, shape" and position. 

In addition to the structural system of a building, the blast wave can 
also inflict damage on exposed items such as utility lines and co~ections 
to the building and mechanical equipment installed outside the buildings. 
To prevent damage to people" material" and other items inside a building" 
it is necessary to provide some positive method of excluding thP- blast from 
entering the interior of buildings" or to provide local pr~tection within. 

Nuclear Radiation 

The nuclear radiations emitted following the detonation of a nuclear 
weapon are divided into two categories - initial and residual. The initial 
radiations (those emitted within 1 minute after tbe explosion) consist of 
gamma rays nnd neutrons capable of penetrating large ,jistances in a1r and 
producing injurious effects in living organisms. Refidual radiations, or 
fallout {those emitted aiter 1 minutej consist of al~ha and beta particles 
and ganm9. rays. 
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Initial Nucl~ar Radiation 

The initial nu~lcar radiation problem, like the blast and thermal 
radiativo problems) is a local one, seriously affecting only the !!res 
within a few miles of gruund zero. For example, the initial nuclear 
ra<Jiations from a 2 HI weapon would probably C8.use no deaths t:~ indlviduals 
be .. cnd two miles from ground zero" affecting an area of perhaps only 12 
square miles. In contrast, the residual ,fallout) ra~iations can cause 
deaths hundreds of Iniles aW3Y" thus affectIng areas of over a thousand 
qquare miles. The following tabulation lists the effects of initial nuclear 
radiation on exposed personllel in the open at various distances from 100 KT 
and 2 HI wcapou;;. These effects decrease rapidly with distance and cause no 
~erious radiation sickness even at 2 miles from a 2 MT weapon. 

INITIAL RAOIATION EFFECTS eN 
EXPOSED PERSONNEL 

Effects*' Distance from Burst (Miles) 

100 KT ~ 

LD 100 0.9!i 1.5 
LD 50 1.00 1.6 
.:.D 20 & SD 100 1.05 1.7 
LD 0 & SD 50 1.10 1.8 
SD 25 1.15 1.9 
SD 10 1.20 2.0 
SD 0 1. 30 2.1 

*Effects are expressed in terms of the percentage of th~ exposed 
population who would become sick or die. Thus" LD 50 or "Lethal 
Dose 50,," means that 50~ of the personnel would di~, whereas SD 10 
or "Sick Dose 10,," thd.t 10'7. would become sick. 

Rp.sidual Nuc~ear Rau~ation (Fallou~ 

When a nuclear weapon is detonated on or nea~ the ground so that the 
Ht"E'ball contacts the ground, thousands of tons I)f pulverizeq and vaporized 
soil and othe:: :!!~terials are carried into the atmo6phere in the nuclear cloud. 
These particles are propelled by Ii strong updrdft and wiil r:f.se very rapidly 
to a great height. For example" within eight minutes following a 2 MT surface 
~urst" the cloud may reach its ma~imum altit~de of 701 °00 to 8u,OOO feet. The 
cloud contains vast quantities of radioactive particles. The particles range 
in size from visihle bits and flakes to submicroscopic particl~a. 

Radioactive fallou~ is the surface aeposition of the radioactive material 
which has been formed and carried aloft ~y the nuclear explosion. The parti~ 
cles are then acted upon hy two forces - gravity 4nd the ~inds. The large 
pe>.rticles &cttle to the grounu rapidly" the smu!.ler ones more dowly. The 

A-4 



I 
t 
f 

rat~ and pl~cc ct fell de~end2 Qn t~e part!~le'~ ~i~~; shape; and weight! 
and the wind speed and dire'etion at vadous altitudes. 

Under normal wind conditiona, the heavier material may fall within 
an hour or two into a ro~'gnly circular pattern around grovnd zero. T~.e 
lightest particles £vrmed will enter the stratosphere and remain suspended 
for long periods and proba~ty travel many thousands of miles before descending. 
The intermediate weight particles will probably reach the earth within a few 
hundred mtles of ground zero. These particles may be expected to form a 
generally ~longated cigar shared pattern of contamination on the ground. 

The radioactive mate~ial which is carried in the fallout consists of: 
(~) fie3ion r~oducts which are particles created in the fissioning of the 
weapol~ ~terial; (2) particle~ made radioactive by the neutrons released 
at the time of the explosion - these particles may have been part of the 
weapon, casing, weapon tigg~ring mechanisms, or earth and debris; and 
(3) the unfissioned ut'~m'tum or plutoniwn of the weapon itself. 

The unfissioned materiel generally emits alpha particles, where~s the 
fission products a~~ the neutron-induced radioactive products are beta and 
gamma emitters. The alpha radiation may be ignored in the radiation shielding 
design for protection against fallout since it can be stopped by a thin layer 
of clothing or the skin itself. The alpha radiation can be a hazard if it 
entera the body either by ingestion, inhalation or through skin abrasions. 
HowEver, even this usually may be ignored relative to the ingestion hazard 
posed by the much more numerous beta aDd gamma emitters. 

Beta particles, which are high ene~6Y negative and positive electrons, 
can be dangerous both internally Qn~ externally. The external problem is 
a relatively trivial one since beta pa~ticles are stopped by small thick
nesses of solids; their J."ange in wood, water or body tissue being only 
about a tenth of an inch. Thick ctothiug will also stop them. They are 
hazardous" however, when they come in direct contact with the skin or are 
in~ested or inhaled. 

Gamma roys, which are high energy electromagnetic radiations like 
X-rayss are ve.ry penetrating and determine completely the amount of material 
needed for shielding ag4inst fallout. Radioactive fallout pa~ticles emit 
gamma rays varying in energy~ Ev~n relatively thin shields afford dome 
protection against the rays of lower energy" whereas, adequate protectiun 
against the more energetic rays may require considerable mass thicknesses 
of material. 

nl~ ba~ic re~~irement for protection against fallout is to provide a 
shield against gaIli!l8 radiation. Such a shield will protect against the 
beta radiation as well. The alpha-, beta-, and gamma-emitters must also 
be (·xc1uded from the protect2d olrea. This t:1.ay necessitate both the 
decontamination uf enter.ing peT.sonnel and/or the filttation of a1r. 
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BeL.:! ~nd g:!.'"!!::!l! r~ys are emi tted hy th~ nu~l~t of so-called "radioactive" 
atoms. In the process of emitt1.ng these rays a radioactive atom becomes a 
stable dtcm, identicAl with any oth~r atom of its species I and nv longer 
~onstitutcs a hazard. Thus, the i~tensity of radiation from fallout 
constantly decreases or decays witr time. (See Figure A-l) Radioactive 
fallout decays by approximately a l~ctor of 10 for every multiple of 7 in 
time. For example: if the gamma intensity is 5000 roentgens an hour after 
the burst, its value 7 hours after the burst will be down to 1/10 of 5000 
or 500 roentgen~; it3 value 49 bours (approximately 2 days) ofter the burst 
w Hl be down to 1/ lOa 0 f 5000 or 50 roen tgens; its value 14 days after the 
burst will be dovn to 1/1000 of 5000 or 5 roentgens and so on. 

Biological Effects of Nuclear Radiations 

In general, the biological effects of exposure to nuclear radiations 
result from the ionization of and damage to, molecules in the body tissue. 
The nuclear radiations of pri:!'.ary intereet i.n the problem of protection are 
the gamma raYE. 

The basic unit of exposure dose is the roentgen {r}o The dose rate, or 
intensity, measured in roentgens per hour (r/hr), is the time rate at which 
the radiation d~se is delivered. 

Some of the e£fects of nucle~r radiations on living organisms depend not 
only on the total dose, but also on the dose rate. f~~ example, 700 roentgens 
over the whole body delivered in a short time (less than an hour) would almost 
inevitably prove fatal to a human. However, if the samf! dose were delivered 
over a lo~g period (10 years), at a more or less unIform rate there would 
probably be no noticeable effects. The reason is, that most of the cells 
damaged by radiation can be replaced by new cells provided the percentage 
damag~d oy radiation is not too high. If recovery cannot keep pace with 
the damage, injury will result. This explains one of the must ~haracteristic 
fel!tures of radiation injury: the lag that usually occurs between e .... en 
severe exposure to radiation and the development of pathological symptoms. 

Rather large acute radiation doses are not uncommon under ordinary cir
cumstances. For example a flourescent screen e~amination usually results in 
a received dose of 4 to 40 roentgens 1 and X-ray pregnancj examination may 
result in a dose as high as 70 roentgens. These are not, however, whole 
body exposures, so that the injury is less severe trlan the case for nuclear 
radiation. 

Thermal Radiation 

Because of the enormous runount of energy liberated in a nuclea!: weapon, 
very high temperatures ~re attained. As a consequence of the hi&h temperatures 
in the baa of fire, (similar to those in the center of the sun), a conSider
able p9rtion of the nuclear energy appears as thermal ra~iati~n. For every 
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1 KT of the nuclear explosion, a~prox1mately 400,000 kilowatt hours of energy 
g~~ ~~l~~~~d a~ radiant then~al energy w1chin a second of the detonation. 

!het~al radiation will contribute to overall damage by igniting 
cO":~.lstib1.e materials. In addition~ it is capabl~ of causing skin burns 
on eAposed individuals at distancc~ from the explosion where the effects of 
blast and initial nuclear radiation are not critical. The thermal energy 
from a specified explosion received by a given surface will be less at 
greater distanc~s from the explosion for tW('l reasons~ (1) the spread of 
the radiation over an ever-increasing area as it travels ~way from the 
fireball, and (2) attenuation of the radjation 1n its passage through the 
air. Unless scattered, the thermal radiation from a nuclear explosion 
travels like light in straight lines from its source - the ball of fire. 
Any solid, opaque materiAL, such as a wall, a ~ill, or tree, iocateG 
between the obj2ct and the fireball will thus act as a shield and provide 
protection frcm thermal radiation. Transpdrent materials, on the other 
hand, such as glass or plaetics all0w tht:rmal radiation to pass through 
only slightly reduced in intenSity. 

The proportion of the energy appearing as thermal radiation will be 
greater for an air burst than for e surface burst - where the ball of fire 
actually touches the e(J.rth or water'. In a sub-suritlc,,: burst, either in the 
earth or underwater, nearly all the thermal radiat1.on is absorbed by the 
earth or water. 

The ignition of combustible materials by thermal radiation depends upon 
a number of factors, the most important are: (1) the nature of the material 
itself, (2) the thickness and moisture content of the materiaL, (3) the 
amount of thermal energy falling on a unit area and (4) the intensity of 
radiation. 
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Air Burst~ 

Fir.eball: 

Blaat LoliHng: 

B lap. t Wave: 

Contaminlltion: 

Corl:.: 

Radioactive 
Decay: 

Fission Products: 

Flash Burn: 

APPENDIX B 

9LOSSARY OF TERMS 

The explosion of a nuclear wearou at such & 
height that the expanding fireball does not 
touch the earth's surfa"e. 

The luminous s~here of hot gasee which f~rms 

a few miilionths ~f a second after a nuclear 
explosion and immed1.atelY starts to expand 
and cool. 

TI!e loading (or force) on ~~ object caused 
by the air blast fr~m an explosion striking 
~nd flowing aroucd the object. It 1s a 
combination of overpressure and dynamic 
pressure loading. 

A pressure pulse of air, accompanied by winds, 
prop&gated by an explosion. 

The deposit of radioactive material on the 
eal.'th's :;urface and other exposed surfaces 
following a nuclear explosion. 

That portion of a multi-story building assigned 
to the vertical elements required for distri
bution of mechanical servi~es and for circu
lation, such as ductshafts, pi.peshafts, 
elevators and stairwells. It may also contain 
other spaces which are repeated on each floor, 
such as toile~ rooms and janitor's closets. 

The dec~ease in activity of any radioactive 
material with the passage of time, due to 
the spontaneous emission from the ato~ic 
nuclei of either alpha o~ beta particles, 
sometimes accompanied by gamma radiation. 

The complex mixture of substances (about 
200 isotopes of more than 30 elements) 
resulting from nucl~ar fission. 

A bu~n caused by ~ce8sive exposure of bare 
skin to thermal radiation. 
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Cnmma Rays: 

Initial Nuclear 
Radiation: 

Nt·t Area: 

Overpressure: 

Roentgen: 

Shear Wall: 

Shielding: 

Shock W:.v<': 

Skeleton Framing: 

Surface Burst: 

The process wher~by the nuclei of light 
elements combine to form the nucleus-of a 
heavier element with the release of substantial 
amounts of energy. 

Electromagneti~ radiations of high energy 
and great penetrating power originating in 
the atomic nucleus and accompanying many 
nuclear Ieactions. 

Nuclear radiation, primarily neutrons and 
gamma rays, emitted from the fireball and 
the cloud column during the first minute 
after a nuclear explosion. 

Space usable for human occupancy excluding 
walls, tOilets, storage and mechanical rooms. 

The transient increase in pX'essure in the 
shock wave of an explosion, usually expressed 
in pounds per square inch. 

A unit of exposure dose of gamma radiation. 

A st{ff structural element incorporated as 
a wall or pa~t of a wall in a building and 
dasigned to be capable of resisting hori~ontal 
forces such as those due to wind, earthquak~ 
and blast. 

Any material or obstruction which absorbs 
radiation and protects personnel or mat~rial8 
from the effects of a nuclea= explosion. 

A pressure pulse in the surrounding ail", 
earth or watet initiated by the expansiou of 
the hot gase~ produced in en explosion. 

A sy~tem of construction in ~ich the supporting 
elemP.nts of the b~ilcing structure form an 
open (~amewo~k and in which the exterior and 
interior w~lls carry no vertical load other 
than t~~ir own weight. 

The explosion of a nuclear weapon at a 
height ab~ve the surface less than the radius 
of the fireball. 
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Yield: 

Electruwa&uetic radiation emitted from the 
fireball as a consequence of its very high 
t~p .. ~t"atui:'e. \;UiisHi. ing enentiaiiy of 
ultraviolet-' J visible, Imd infrared radiations. 

The total effective er.ergy (nuclear radiation, 
thermal radiation and blast) released in & 
nuclear e~plosion, usually expressed in terms 
of the ~onnage of TNT required to release 
equivalent enp.rgy in an explosion. 
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Technical Me~~~~~erics (bO Series) 

*61-1 Minimum T~chnicQl Requirements for Family Shelters 

*61-2 lnfcrmation on the Submi*s!on of Shelter Designe for Review 
by th~ Office of Civil Defense (Super~e~ed hy 1M 62-20) 

*51-3 Mibimum Technical Requirements for Group (Community) Sh~lters 

61-4 General Iuformation on Family Shelters 

61-5 Mlni~1m Technical Requirements for Filters Community Shelters 

61-6 Minimum Technical Requirements for Engine-Generator Sets for 
Shelter Purposes 

62-5 Minimum Technical Requirements for Shelter Deors & Hatches 
(Blast) 

62-6 Minimum Technical Requirements for Manual Ventilators 

62-7 Minimum Technical Requiremeuts for ~~lti-Bla$t Valvee 

*62-9 Minimum Technical Require~nts for CBa Filters foe U~e in 
Emergency Operating Centers 

*62-20 Information on the Submission for Standardized Shelter Designs 
for Review by the Offic~ of Civil Defense 

Design etudies & Engineering case Studies 

1. Family Shelters (DSF 65 series) 6. Emergency Command Posts (ECP 25) 

*2. School Shelters (DSS 55 series) 7. Industrial Plants (I 20) 

*3~ Community Shelters (DSC 45 series) 8. nospitals (R 15) 

*4. Garage Shelters (DSG 35 series) 90 A?8rtments & Commerci~l 
Buildings (AC 10) 

5. Emergency Operating Centers (EOC 30 
series) 10. 5pecial Structures (SS 5) 

*Published to date 


