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Chapter 1. Basic Data and Assumptions

I.l LEGAL BASIS AND DOMAIN
OF APPLICABIUTY

Article 2 of the Federal Law of 4 October 1963'
concerning The Construction of Civil Defense requires
the creation of the necessary shelters in all new
structures and for all renovation for the protection of
the population. According to article 8 of the ume law
the additional CoSIS attributable to ciyll defense should
not comprise more than 5% of the total building cost
(not including land). Contributions can be paid toward
further increases in civil defense costs when they are
technically justified. This is the case when an improve·
ment in the shelter or its furnishing is in the pUblic
interest ·(Article 10 of the law of 15 May 1964
concerning the Construction of Civil Defense').

These instructions apply to the construction of
private defense shelters with a protective range of I to 3
atmospheres pressure. They are applicable to cast·in·
place concrete shelters of approximately rectangular
floor plan and section which are to be constructed as a
part of a new building.

The preparation of directives requires a number of
simplifying assumptions by their very nature, especially
as regards the effect of weapons and the effectiveness of
many parts of the shelter. These simplificatiol\S are
especially eYident in Appendix C·which contains prac·
tically compl.te solutions for typical small shelters
These soIutiona can therefore only be applied directly
to small Ihelt.n without further study. For shelters
with molt than 25 occupants the arrangement and
dimensiON must be det.nnln.d according to chapters 2
and 3.

urge installations, multl.purpose structures, tunnels,
and prefabricated shelten as well .. installations for
ciyiI defense units require special attention. Until the
issue of appropriate technical directlyes for the design
of such installations and equipment, the guideline
published by the Federal Office of Civil Defense of 23
April 1965' and the supplement of 4 March 1966"
shall apply. Detailed data may be obtained from the
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Weapons Effect Handbook (1964 Edition, Office of
Ciyil Defense).

DeYiations from these Technical Directiyes for Ciyil
Defense Shelter Construction may only be made on the
basis of competent and recognized sources which can
prove that the prescribed extent of protection can be
achieved by economical means.

1.2 EXTENT OF PROTECTION

The extent of protection for private shelters will, in
general, be detennined for one atmosphere of oyerpres·
sure. (See the Recommendations of the Federal Office
of Civil Defense of 23 April 1965' concerning mini·
mum requirements for construction.)

The possibility is thereby left ayailable to the Federal
Deparlment of Ciyil Defense to set other limits of
protection (3 atmospheres as a rule) at the request of a
Canton in special cases. In judging the protection
offered by a civil defense shelter one must avoid the
conception that a 3 atmosphere design, for example, is
wOrlh three times .. much as a one atmosphere shelter.
lt can be shown that for an equivalent population
density the probability of survival is increased by only
about 25% when the limit of protection is raised from 1
to 3 atmospheres.

The following may be considered as special cases in
which the Federal Office for Ciyil Defense maintains
their normal contribution eyen for a limit of protection
of three atmospheres:

I. The increase of the protection limit from one to
three atmospheres does not incre..e the cost of the
shelter more than 25%.

2. The 5% rule (article 8, paragraph I of the Federal
Law of 4 October 1963') is still respected.

1.3 ASSUMED USE OF THE SHELTER

lt has been assumed that the concept of entry.
habitation, and leaYing of a shelter will probably be



different Ihan, for instance, it was during the last world
war. For the planning of shellen it is adYantageous to
distinguish between the following four phases of shelter
use and to inYesligate their requirements on shelter
space separalely.

1.3.1 Peace PIwe

During peacetime the sheller will be used as a cellar or
slorage room. With reference 10 the economy of ciyil
defense measures Ihese peacetime uses should be
impeded as little as possible. These requirements should
especially be considered by the arrangement and design
of Ihe enllances, the lighting, the moisture.proofing,
sanitation, furnish ina. utllities, and the natural ventila·
tion.

1.3.2 Pre-AlIad< PIwe

The lime bel ween the recognilion [and arriYaI) of
approaching bombs or rockets, the so-called warning
lime, has been assumed 10 be yery short and is not
sufficient to moye into the shelter.

The authorllies will therefore inSlluct the population
to Iiye in their shelters during any threatening or
existing slate or war. It must be possible to prepare the
shelter for war within 24 hours for habitation by the
occupanlS. This changeoYer from the peacetime to the
pre·allack phase requires the accomplishment of the
following works:

I. Eyacuation of all objects unnecessary to ciyil
defense.

2. Introduction of aU the necessary ,upplies ,uch as
food, water, ,anitary ,upplies, etc., that are not
already 'tored in the shelter.

3. Furni,hing of the shelter with seats and bunks,
communicalion equipmenlS (ballery radio), and
tools 10 dig out with.

4. Sealing of aU' openings of the "'elter, as well as
checking the Yentilatlon equipment, the air intake,
and the emergency exit.

Until the allack or the "all clear (Endalarm)" day, or
week' may pass. During thi' time of occupation there is
a limited Iraffic between the shelter and the outside
world. which may permit the execution of the most
imporlant work as well as the supply of food.

1.3.3 Allad< PIwe

This is Ihe phase when the shelter is actually subject
to Ihe effect of weapons such as thermal and light

radiation, primary nuclear radiation, air pressure and
concussion, falling debris, shrapnels, fire, and gas.

1.3.4 Polt·Allad< PIwe

If an atomic explosion has taken place close 10 Ihe
ground one must assume a stay in the shelter of seyeral
days or eyen weeks .because of the radioactiYe fallout.
This stay may be interrupted immediately afler the
allack or after seyeral days in order to accomplish Ihe
most necessary work, but only for a limited period.
Gradually the time spent oUlSide of the shelter may be
increased according 10 the recommendations of the
ABC service of Ihe civil defense corps and may be used
for cleanup work, for example. The different opera·
tional phases often place confiicting requiremenl' on
the arrangement of the shelter. The more thoroughly
the designer analyses the'e requirements the clo'er he
will come 10 a balanced and economical ,olulion for
any individual project.

1.4 APPLIED FORCES ON THE SHELTER
DURING THE A11ACK PHASE

1.4.1 Assumed Threat

It i' assumed Ihat the ciYilian population i' primarily
Ihreatened by atomic weapons of medium 10 large size
but a1,0 secondarily by chemical, biological, and con·
Yentional weapon,. Although the de,ign and dimen'ion'
are principally determined for atomic weapons it can be
e,tabli"'ed that a good atomic shelter offers good
prolection against chemical. biological. and conyen·
tional weapons whereas the converse is not always true.

1.4.2 Prottetion against Alomie Weapons

1.4.2.1 Development of the explosion. In Ihe inSlant
of explosion a strong radiation of heat and light la'ting
seyeral seconds is emitted. Simultaneously the inilial
nuclear radiation begins. The 'hock waye slrike' Ihe
shelter seyeral seconds after Ihe explosion. With ils
arrivaJ a wind several times stronger than a hurricane
begins. This lasts as long a, the excess pressure, that is
to say a rew tenths of a second Or a rew 'econds for
large bombs. At the same lime large quantities of debri'
are hurled through Ihe air. Flammable material will be
ignited by the heat rays. If the explosion is near Ihe
ground radioaCliYe fallout can begin after half an hour
and last many hours or days.

1.4.2.2 Mechanical dfect. A I atmo,phere shelter
can withstand the dfeclS of an atomic explosion al Ihat
level distance where the maximum atmospheric over·
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Tible \·1. land 3 luno. diatan_
ror low le¥eI exploUonl

Table 1·2. Concwaion on alheller
due to an Ilomic uplolion

Concuuion of the shelterEnerllY
cquiVillcnt

OilLance (or a prcuure of

One illmospMrc Three lIIunosphertl 1 atmul. 3 a(mOi.

I KT"
10 KT
100 KT
IMrb
10MT
100MT

0.3 km (0.2 milts)
0.6 km (0.4 milo.)
1.2 km (0.8 miles)
2.6 km (1.6 milo.)
5.6 km (3.5 miles)

12.0 km (7.5 milts)

0.2 km (0.15 milo.)
0.3 km (0.2 milo.)
0.7 km (0.4 milo.)
I.l km (0.9 mill')
3.2 km (2 milts)
7.0 km (4.4 mill')

Ac:c:clcJltion
Velocity
DiJplacement
Relative displacement

between shelter and
'found

28'
0.5 mi. (1.5 ft/.)
0.5 m (1.5 iI)
5 em (2 in.)

68
I.l mi. (4.5 f,/.)
0.7 m (2.8 fl)
7 em (J in.)

·1 KT. J kiluton • eM11l)' equivalent of 1000 tons of TNT
(trinitrotoluol).

b) twiT. I mClPlUn • ene,¥)' equivaJent of 1 miUion (onlof
TNT.

41 ! . pavitational ilcccicution • 9.81 meters/sec1 C32.2
ft/... ).

flJ. \·1. Maximum cwerpreawe U I 'unction 0( I!le dJatance
'rom 'lIIupIooion cen"r 'or I """nd ..... uplooion.

deformations are smaller. Higher instantaneous accelera·
tions than those given in Table 1·2 occur. The.. peak
Yalues can generally be neglected in the design.

1.4.2.3 Initial nuclear rodiation. The initial nuclear
radiation is propagated outward from the fireball of lhe
explosion in a similar way as light. The fullowing
radiation intensities are crealed by the explosion of an
atomic bomb:

I. At I distance corresponding to I almos. pressure for
a 10 KT explosion, explosion heighl zero: 20.000
roentgens.

2. At a distance corresponding to 3 atmos. pressure for
It 10 KT explosion, explosion height: low 70.000
roentgens.

For larger bombs the radiation in the I and 3 almos.
pressure zones is less, and by smaller bombs it is more
than the Yalues indicaled.

The permissible radiation in the sheller hll5 been set at
100 roentgens. For bombs biuer lhan 10 KT the
radillion ·protection offered by shelte" designed
according to these Technical Directiyes is grealer than
necessary; for smaller bombs il may be 100 lillie. In
addition the radialion intensity (for a given pressure) is
dependent on the explosion height and the direction of
the explosion with respect to the sheller.

1.4.2.4 Radioactive rlUout. The lldioactiye bomb
debriJ, which is mixed with vaporized material from the
around in the CI" of ground leyel explosions. are
blasted' upward and condense to dust and sand·like
particles after cooling. The.. are precipitated afler
hours or days and giYe maximum local radiation doses
of 20,000 roentgens. The maximum lite of dosage is to
be reckoned as 5,000 roentgens per hour. Shelle,.
which are dimensioned according to the.. Technical
DirectiYes provide sufficient prolection against lhis

Dilltaftoe In mtten-

pressure is ) almosphere. The bomb size and around
diSiances for which an overpressure of I and 3
atmospheres occur for a low leYel bomb are listed in
Table ).1.

For comparison. the bombs dropped on Hiroshima
and Nagasaki in 1945 were 12 and 22 KT respectiYely.

Figure 1·1 shows the malllilude of the overpressure
acting from all sides as function of the dislance from
the explosion cenler of a low level bomb of I KT and 1
MT equiYalent energy.

The air pressure creates a pressure Wlye in Ihe around
similar to thlt of In elrthqulke. The Ipproximole
slrenglh of this shock is given In Table 1·2. These ..e
indicaliYe yalues which Ipply to unfaYorable, that is,
soft ground. In a hard around the Yelocities and

f
.s
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slightly penetratina radiation so that the dosaae inside
the shelter resultina (rom secondary radiation is aen·
erally ne&!iaib1e.

1.4.2.5 Projectiles, debris, and dUlt. The shock o(
the atom bomb hurls whole sections o( buildinas and
installations through the air. The shelter walls resist this
e((ecl. which can present one o( the &leatest danaers for
the unprotected person near an atomic explosion.

The load caused by the debris from collapsina hOUles
occurs only after the air pressure from the shock has
diminished and is carried by the shelter.

An enormous quantity of dust is created from this
debris. This dust must be kept out of the shelter by the
airtight walls and the filter for the artificial ventilation.

1.4.2.6 Thermal eC(ect. The heat and light radiation
from alomic bombs - which is one of the areatest
danaer for the unprotected person - is not influential
for the occupants of a shelter. Burnina or &!owina
debris can, however, heat the roof and walls which are
not against the earth to such an extent that it could be
a determining factor for the design of a shelter.

1.4.3 Protection apinS! Chemical
and Bioloaical A,enls

The constant positive pressure which is maintained by
the artificial ventilation in the interior of lIle shelter as
well as the gas filter and air locks used for large shelters
offer a relatively aood protection against the penetra·
tion o( bioloaical or chemical agents into the shelter.

1.4.4 Protection apinal Convenlional WUpolII

Shelters which are designed accordina to these direc·
tives are approximately equivalent to types of shelters
used in the past as reprds the threat from conventional
weapons. They are in aeneral not safe aaainst a direct .
hit by a demolition bomb. Protection is nevertheless
offered aaainst concussion and fraaments from bombs
and shells which (all within a distance correspondina to
approximately lIle conical radius of lIle explosion. Le.,
5 yards for a bomb with 500 pounds o( explosive.
Firebombs will not ,enerally be able to pierce lIle
shelter. The shelter roof can also be heated for only a
relatively short period by a fire bomb so that lIlis
heatin, is less critical than that caused by the llIlolder·
ina debris mentioned in article 1.4.2.6.

1.4.5 Prolection aaaiMl Secondary Effecls

1.4.5.1 Floodina

I. Limited flooding may be caused by broken conduits
or the backing up of destroyed sewers. The proper
positioning of the air inlet for the ventilation and
allention to the seals around other apertures can
protect the occupants against the penetration of this
water.

2. Atomic explosions in a lake can cause a nood wave
in the area near the shore or down the valley. Since
this is of relatively short duration a catastrophic
penetration of water into the shelter is not possible.
What is important is the drainage of the escape
passageways and the connecting cellar.

3. The destruction of a dam could creale a flood wave
of longer duration in the valley downstream unless
this danger is avoided by the precaution of pre·
viously lowering the water level. The ventilation can
be turned off for approximately 5 hours due to the
required minimum volume of the shelter specified
by article 2.1.1.3. This and the airtightness of the
shelter will provide a certain amount of protection
aaainst this type of flooding.

1.4.5.2 Landslide.

I. The pressure wave of an atomic explosion can cause
landslides or rockfalls in mountainous terrain which
may endanger the occupants by blocking the exits.

2. Nearlakeshores which consist of shock sensitive soils
such as chalk the shelter may be endangered by
landslides Iriggered by the shock wave caused by an
atomic explosion.

The Federal Office of Civil Defense is publishing
special directives for those areas which are especially
endangered by secondary effects. Until their release
measures will be determined for each case.

I. MZS 1.27.
2. MZS 1.64.
l. MZS 2.91.
4. MZS4.



Chapter 2. Shelter Planning

2.1 DESIGN ELEMENTS FOR THE SHELTER
SHELL

2.1.1 Shelter Size

2.1.1.1 Types of shelters

I. The single shelter consists of one cell wilh a capacity
of up to 50 people (Fig. 2·la).

r---·', I
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2. The shelter group is divided into groups of cells each
con taining a maximum of 50 people and has a total
maximum capacity of 200 persons. The cells are
surrounded by only one exterior shell and have only
one en trance (Fig. 2·( b).

Several shelter groups may be situated next to or on
top of each olher if decentralization is not possible. For
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Table 2·1. The required number of places in a aheller

2.1.1.3 Minimum space ~uir.mellls. The following
declarations for noor space and volume are provided as
a guide:

QThe liiU'.' listed in article 2.1.1.2 are offered here only for
the sake of completcnus. They cannot be the object of a
technical directive since they are affected by the civil defense
I,;onccpt. II is expected that they will be modified at some later
dale.

large installations a more appropriale solution can often
be found by considering the special local conditions as
well as the uses rather than simply stringing logether
standard shelters.

2.1.1.2 The number of places in lhe shelter. The
number of places in the shelter should be equal lo the
number of persons who normally occupy the building.
The requiremenu for different types of buildings are
indicaled in Table 2·1. Deviations above or below this
number may be aUlhorized by the cantons in individual
cases for special reasons. In this case the number of
shelter spaces available in a fixed area should be taken
into consideration.

2.0 m (max.
3.0 m) [6' -6"
(max. 10 ft))

5 m' (54 sq ft)

3.5 m' (38 sq ft)

6 m' (65 sq ft)
2.5 m' (27 sq ft)

0.1 m' (1.1 sq fl)
per shelter place

0.07 m' (0.76
sq ft) per
shelter place

noor space for decon·
tamination room

2.1.2.1 StructunJ requirements. The position of the
shelter musl salisfy both structural requirements from
the shelter standpoint and the requiremenls for peace·
time use: The following is a summary of the structural
requirements:

I. The shelter should· be as deep underground as
possible. Reason: Protection from radiation and
flying projectiles and debris.

2. The shelter should have as much of its external
surface against the ground as possible. Reason:
Protection againsl radiation, fragmenls, and projec·
tiles; conduclion of heat generated by the occupanls
·of the shelter, prolection from heal caused by
external fires. Utilization of the support provided by
the surrounding soil.

3. The shelter should be located under lhe massive
parts of the building. Reason: Prolection against
radiation, conventional bombs, and fire.

4. The shelter should be localed as far as possible from
pOlential fuel concentrations such as oil or gasoline
tanks, large groups of motor vehicles, depots for
flammable materials such as wood or plastics.
Reason: Reduction of heating effecl, inlake of clean
and cool air by the venlilation.

5. The sheller should be placed so that short emer·
gency exits and air inlets can be ex tended on several

2.1.2 Location of the Shelter

floor space for combined
air lock and decontami·
nation room

.3. Minimum size regardless of
the number of shelter spaces:

floor space for a shelter
floor space for an air

lock (max. 54 sq fl)
floor space for decon·

tamination room
floor space for a combined

air lock and decontami·
nalion room

ceiling height

1m' (10.8 sq ft)

0.05 m' (0.54
sq ft) per
sheiler place

1m' (10.8sqft)
2.5 m' (88 cu fl)

I per 20 m' (200 sq ft)
noor space

I per 150m' (l500sq
(0 noor space

1/2 the number of seats

"3 the number of work·
ina places

Number of places in the
shelte,G

1 per room
I per bod

", per bed
'13 the number of sean

I. Space requirements per
sheller place:

floor space
volume

2. Additional space requiremenls:
floor space for each
ventilalor

noor space for air lock

Type of buUdina

Homes and vacation hous,u
Hospit.o.ls and nursina homes
Hoteb

Rntaur~ntl, places of amusement
(movies, theaues. etc.), schools.
auditoriums. and anembl)' halls

Churchu
Offices. administration buildinas;

industrial and commercial
business (factories and shops)

Siores, warehouses

Storehouses. permanent
exhibitions
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sides of the bUilding into zones that are free from
debris and as free of danger from fire as possible.
Reason: Beller possibility of unaided exit and intake
of fresh air.

2.1.2.2 Position in relalion to around water. Those
shelters shall be termed in 1II0und water where the
highest yearly 1II0und water level rises more than IS
inches above the elevation of the shelter noor. When
this location for the shelter cannot be avoided the
following points must be observed:

I. The parts of the structore lying in the ground waler
must be protected by a nexible waterproofing which
has at least the same ductility as the reinforcing steel
at a temperature of SoC (46°F) (waterproof plaster
is illsufficient).

2. The parts of the structure under the ground water
level are to be designed for a pressure 20% higher
than that indicated for saturated ground in order to
keep the crack small.

3. The emergency exit must lie above the ground water
level.

4. The shelter noor must have a slope of at leut 0.5%.
A pump sump is to be constructed at leut 25 c'm
(10 inches) deep and 40 cm (16 inches) square. A
hand pump is to be installed with a capacity of 0.1 I
per square meter (0.025 gallons per minute per sq ft)
of external wall surface lying under the water level.

5. Where the ground water level is high the shelter can
be partially or entirely constructed above ground. In
this cue the walls and roofs mull be thicker In
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proportion to the heavier radiation (see secti"n 3.3)
and the entrance should have a closed cross section
as shown in article 2.2.2.2.

2.1.3 Structural Dimensions for Preliminary
Desil"

For the preliminary design of shellers or for the
application for building permits the indicative values for
concrete dimensions given in Table 2·2 and Fig. 2·2 can
be adopted. This table is based on rough approxi·
mations. These values will give an overdimensioned
desil" in many cases. especially in terms of nuclear
radiation. Therefore the final delermination of the
structural dimensions must be done according to the
detailed data given in chapter 3. The design for a
"typical small shelter" in Appendix C may be used as
an alternate solution to the detailed analysis of chapter
3 only for I atmosphere shelters of lillie importance
(up to 25 places).

2.2 ENTRANCES AND EMERGENCY EXITS

2.2.1 Purpooe

The requirements for protection during an allack
phue could best be full filled if the shelter were to be
completely enclosed by a shell of the necessary resist·
ance. However, the need to penetrate this shell with
entrances alld exits as well as ventilation conduits
during the peacetime phase and the before and aner
allack phases stands in direct contradiction to thi•. The
consideration of these connicting requirement. makes

T.ble 1-1. StnlcturaJ dimo_ lor pnliminary dOli..

Stnu:turaJ Thickness. em (inches)
LocItion

eltlDlftt , atm. 3 aim.

CeUi.. UndO! buUdi.. 35 (14) 55 (22)
NOI uncltr buUdlnp with IoU cover 0(: 55 (22) 85 (33)

Oem
30 em (12") 35(14) 65 (26)
mon .han SO CIIl (20 Incllos) 30 (12) 50 (20)

Between Ooon 20 (I) 20 (8)
BtlwMlS noon and OVII or UIlU, an air lock 25 (10) 30 (12)

WaUl EntllOty In conllet wi.h IOU (coiIi", bolow I'ound t....) 25 (10) 25 (10)
"'rtlaJly in conliCI wilh IOU (coiIl", 60 em (2 II) or till .boYllround) 50 (20) 70 (27)
Exterior WID unco.end (c,ulna mon lhan 60 CIII (2 It) abo.ellound) 80 (32) 120 (48)
Shelter wallllliNt ceUu (or putition btlween J.helter poups) 35 (14) 55 (22)
PartitiON between Ih.ltt, rooml 20 (8) 20 (8)
Inner Willi oC air Iodl: 25 (10) 30 (12)

Aoon FoundaUoDllabs 20 (8) 25 (10)
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20 (201

i
f

311 (Ill) -l
8O~2Ot'• 120 120

T
20 (201

311 (Ill)

311 (Ill) I 120 20

Fia- )·2. SlructuraJ dimension. (in mm) (Of pnliminlry delil" Iccord.inl to Tlble 2·2. <The nlues in piucnlhesu ~re for 3 .. lm.
shellen.,

.'. ,

Ihe design and localion of lhe entrances and exits one
of the mosl difficult jobs of sheller constructiun. The
consideralion of lhe requirements of the various oper
aliunal phases should include the following facts:

The communication between the sheller and the
outside world during the peace and pre-attack phase
(and if pllssible during the post.attack phase) should
take place Ihrough the entrance (article 2.2.2) passing
the air lock and the decontamination room. The
emergency exit should only be used if the main
entrance is destroyed. The air lock and decontami·
nalion room (article 2.2.2.3) will be necessary in the
pre-mack phase and in case of contaminated outside
air. They will normally be placed in lhe entrance. The
emergency exils (article 2.2.3) improve the possibility
of the occuplnts being Ible to free themselves after an
attack which creates debris. Since all openings represent

a weakness in the sheller cover their size and number
should be limited to the minimum necessary. Every
passageway through Ihe sheller cover should be pro·
vided wilh a closure in accordance with article 2.2.4.

2.2.2 Entrances

The entrance to the sheller consists of the entry way
to the sheller, the debris proteclion for the door. the
door itself, and for larger shellers, the air lock and Ihe
decontamination room (closures for entrances and
exits, see article 2.2.4).

2.2.2.1 Enlry wly. The entry way mUSI nOI only
serve its purpose as an access but it must also act as an
adequate radiation barrier since even a closed door
represents a weak spot in the protection against nuclear
radiation offered by the shelter cover. The entry 10 the

FiJ. 2·3. LocIdon of entry waYL

II

! I -1---
SR'---

-~L •.. I I
I

---l1 - 1

SR 600t oPM' into I

room w'th few openin"

SA door Ihould not
bopl_h...

_~ Entrywoyo
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shelter must therefore be arranaed in the followin.
manner:

I. It should be as narrow as possible and deep under
.round or under some malSive partl of a buildln•.

2. It should haye the fewest possible openinp directly
outside or into rooms with many direct openinp to
the exterior.

3. It should ayoid the danaer of beina buried by debria
as much as possible. (Th.re are more possibilities for
escape throuah the piles of debris formed by
coherent structural elemenu such as those made of
steel or reinforced concrete than there are throuah
the more tlahtly packed piles of masonry, plast.r, or
wood.)

4. When an entrance without an air lock I.aw throuah
an exterior sh.lter wall more than 40 cm (16 inches)

"..

Fi.. 2-4. C.-ntilewr lI.b ure lpinll air blulJ u protection of
lilt .nuan.. cIoclI' .pillll rallina cltbril.

11

thick the prot.ctlon a.ainst radiation must be
improv.d by a pas.... way before th••ntrance. Th.
wall and roof .I.ments must b. at least 20 cm (8
inches) thick and th. I.ngth of the passage way must
be at I.ut four times the width. This passage way
may be combin.d with the d.bris prot.ction for the
.ntrance door (Fi•. 2·5).

Entry ways may be r.inforc.d to b.come actual
.m.r••ncy .xits by constructin. th.m as .scape ways
(see artlcl. 2.2.3.3).

2.2.2.2 Protection of th. door from fallin. d.bris. In
order to improye the possibility of the occupants bein.
able to fr•• th.ms.ly.s the dang.r of a blockag. of
.ntrance to th. sh.lt.r by piles of debris must be kept
to a minimum. For this purpose .ither an entry way at
least 2 met... (6 f•• t) long must be proyid.d (Fl•. 2·5)
or a concuasion·proof canlil.ver.d slab proj.cting over
the door, which are safe against an air blast. Th.
minimum dimensions of this cantil.v.r.d slab are 1.3 X
2.0 m (4 X 6 f•• t) .

Croll .etion

PI..

F", 1·5. r.....way ar. apimt air blutl u protection (or
lilt tt1l1Uet .pinat rallin. cltbril.
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Table 2-]. Requirements (or the inclua.ion
of air locks and decontamination rooms

the shelter. At least one shower per 100 persons and
one toilet for each 30 persons should be built into the
decontaminalion room. Half of the toilets may be buill
as dry sumps and the rest as latrines.

The air lock and the deconlamination room may be
combined into a single room for shelters with less than
100 places (see Fig. 2·6a). The requiremenls for the
inclusion of these rooms is determined according to
Table 2·3.

2.2.2.3 Air locks and decontaminalion roolJll. The
air lock is an anleroom wilh IwO pressure and gas light
doors (armour·plated) in series which are never to be
opened al Ihe same lime. Thus even if there is traffic
between the shelter and the oUlside there is never an
instant durina which the shelter cover is open to
penelration by radialion, pressure, or dusl.

For a given rate of exhaust air a sman air lock is
belter purged than a large one. The air loclu should
therefore not be much larger than the suggested
minimum dimensions given in article 2.1.1.3 unless
there are speciallraffic problems.

The decontamination room serves as a cleaning and
dressing room for persons entering conlaminated by
poisoo gas or radioactive dusl. (Cootaminated clothes
should be slripped off and left outside the shelter.) The
decontamination room is used also to store the pro
tective clothing (coals, boots, helmets, gloves, gumasks,
elc.) which must be worn at an times by persons leaving

Number of
places

50 or Ie..
5110100
101 10200

Inclusion

Optional
Required
Required

Air lock ;Jnd
decontamination room

Combined
Combined or separate
Separate



2.2.3 Emeraency Exit.

2.2.3.1 The requirement. for ."",pe without outside
help. The occupanl. of any sheller .hould be able 10

free lhemselve. from the meller afler an allack (lhe
principle uf escape without outside help). Since lhe
unrcinforced entrance may not be passable under some
circumSlances. other escape pos.ibililie. mu5l be pro
vided. The differenl type. of emersency exito are
divided inlO four' calesori.. in the order of their
dependabili Iy:

CalC gory I: Air blasl'proof escape p....se under the
building and lhroush to lhe oUlline
(arlicle 2.2.3.3).

Category II: Emersency escape·mafl (arlicle
2.2.3.4).

Calegory III: Escape·lunnel or ·chimneys endins with·
in lhe area of fallins debris (arlicles
2.2.3.5 and 2.2.3.6).

Category IV: Escape'tubes which end oUlside the
debris area or are connected to escape·
tube sy5lems (Article 2.2.3.5).

The construction necessary ill order to improve the
pussibilities for the occupanls to free themselves de·
pends on the number of places in the meller and the
degree of danger from falling debri•. Economic con.
sideralions indicate thai an expendilure of approxi.
mately 10% of lhe sheller cosI is acceplable. The

Table 2.... Minimum providoR' (or escape
without oubicle http
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appropriate arrangements of emergency exits for vari·
ous sizes of melters are summarized in Table 2·4. These
are minimum requirements.

2.2.3.2 Location of lhe emerSency exits. The basic
rules for exil arransement are all derived from lhe
requirements durinS lhe attack and survival phase and
may be summarized .. follows:

I. Emergency exits from the same shelter mould end at
differenl sides of the buildins (if possible opposite
sides) and as far .. possible from each olher.

2. The escape· tunnels mould terminate oUlside the area
of fallins debris from lhe buildins and neishborins
buildinss if possible (arlicle 2.2.3.5).

3. Escape-lunnels or connections lo escape· tunnel sys
lems should be given preference over other emer
Seney exits.

4. The adjacent cellars of row houses mould have
conneclins doors.

Fisures 2·7 to 2·10 show lhe arransement of emer·
Seney exits ac.ordins to lhe minimum requirement
Biven in Table 2·4.

2.2.3.3 The desisn of air blast·proof e"",pe passases.
An air bla5l.proof escape passase from a shelter mall be
provided either by a shaft accessible lhroush a wall
(Fig. 2·8a) or by passinS lhroush an armoured door
(FiS. 2·9b) which leads throush a cellar out into the
open. The mortest possible roule mould be chosen with
lhe narrowesl ceilinS span. Examples are Biven in Fig.
2·11.

Minimum numbtr of emCTltn4:Y
exits (or catcaor)'Number of

shelle,
pllcn

I
(<sapt.

way)

IV
(<sapt.

tube)

Filure

NA
n-

SR

13 or leu 2·7
1410 SO 2-8.1

2-8b
SIIolOO I 209,

2 2·9b
101 10200 I 2-10,

2 2·IOb

Note: EmlrlCney cxiu of Clce,ory III ("clpe-.,hafts Ind
escOIIpeo(ub.s .ndina in the area of (allin, debris) may only be
used IS a partial replacement of catclory IV exils and only in
the cue thlt it is not pouible to end the elCipe-tuMcl ouuid.
the debris arel. In this cue • supplem.ntuy nit of cat'lory 1
or II i. 10 be 'dded.

,-,, ,'-----,

Fi.. 1·7. The minimum pfO\'iJion. ror the occ:uplnta or I

IhoIlOr of up 10 13 pIICOI lor oac:,pt wlllloul oulaido help.
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2. RUllII' arc 10 be placed at 30 cm (one fOOl) inlervals
fur all slloftl over 1.5 III (5 feel) hiah. If the shafl
rise. more tho" 4.5 III (IS fl) inlermodULe IlOI\dings
OJe 10 be buill and tile cross seclion mull be
increased til 80 X 130 CII\ (2 ft 8 in. by 4 ft).

~.~.3.4 DeIlp of emaaency eICI....lhaftl. Emer·
sency escape·IhaClI lead throush the sheller shell
directly 10 the outside. Their crolS sectlon mUlt be 60
X 80 cm (2 f!'by 2 fl 8 inches). Esca....shaftl may be
made with ()( without lishl lhaftl. When conuruclina
an e1CIpe-lhaft. wirhout ;:'hl Wl/I (FIg. 2·12) the
foUowinl rules should be observ.d:

I. The poIitlon of the exit sh.ft Is to be marked on the
outside well with the followinl notice "Emerlency
shelter escape·lhaft" (rescue from the oUlside).

2. An ar.. of 80 X 100 cm (2 CI 6 in. by 3 ft) above
the lhaft must not be covered with a concrete slab.

3. The heiaht of 'the shaft may not be more than 2
me1m (6 fl).

4. The shafl opening il to be partially cOllcreted II

, shown in Fia. 2·12. Foamed plAstic musl be placed
al the Ulllrt()( for thil purpo.w. The concrele bllol
til be rtWorced. The location of Ihe break,oul
Mellon 1110 be marked. on the "aide!.

$. TIM IlIceMiry tooll IU I,,~e throUlh Ihc wl~1 ond dl~

OUI the shafl ar. III ho mad. avolhlble Illiide th.
sh.llllr;

When C<lllitructl"i III • ..,ape·shaft willi /lg/II ,IIa{l os
lIlustrallld In Flp. ~·13 ond 2·14 til. follllwill, rulel
apply:

I. The liahl Ihal'I iI 10 have a croes sectiOll of 60 X HO
cm (2 nby 2 ft 9 in.) II sllown in Fil. 2·14.

"



.
"

3. The shaft must be closed al the lOp with a cover or a
graling thai is to be removed when Ihe sheller is
occopied.

4. The shaft walls are 10 be made of reinforced
cuncrctc bUI they do nol necessarily have 10 be an
inlegral pall of the cellar wall.

I O,nln,

/

/
/

_I A"". of 1.,.1_
min. 3tJ0
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5. The opening into Ihe escape·shaft must be deep
enough so that the angle of incidence measured from
Ihe horizonlal to Ihe upper edge of the escape shaft
is at least 30 degrees (Fig. 2·13a). If Ihis is nol
possible empty burlap sacks or plaslic bags should be
slored in the shelter so Ihat before occupying Ihe

SoMortand·
filled ..

Fia. 2·13. Amnpment or emaaency eKape-shafl with lipl openin,.

0""",

aw
p-



shelter they may be filled with earth or sand and
placed against the escape shaft opening as radiation
protection (Fig. 2·13b).

2.2.3.5 Design of escape-tuMel•. Escape·tunnels are
the most effective means for escape without outside
help. They should end outside the area of ;'alling debris
if possible. The area of falling debris is assumed to be a
distance out from the outline equal to one half the
building height measured under the eave. (see Figs. 2-8b
and 2·15).

I"

'"- min. ,,, mu. '5"-
.1 WI'" ..II ...."
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When designing an escape. tunnel as shown in Fig.
2·15 the following points are to be considered:

I. An armoured cover is to be fastened in place at the
shelter end of the tunnel on Ihe inside.

2. Escape·tunnels with exit shafts at the end must have
a pressure resistant cover with air holes for air intake
in accordance with article 2.3. The occupants must
be able to open the cover from the inside. If the exit
shaft of the escape· tunnel does not have a pressure

•

P,..". ,eIi,unt covet

,
E

~
i

bIW_...i._
PI.. 2·15. _ oIlowinI COfIltnoc:tion or III ........tunnal.
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resislanl cover the lunnel must be designed accord·
ing to article 3.4.2.6 as a gallery ending in the open.

3. The exit shaft should have the minimum dimensions
of 80 X 100 em (2ft 8 in. by 3ft) or 1 m (3 1'1)
diameter at the bottom. It may narrow down to 60
X 60 cm (2 by 2ft) or 60 em (2ft) in diameler near
the cover. Embedded rungs or a roxed metal ladder
must be provided. A shaft over 4.5 m (15ft) deep
must have an intermediate landing and a cross
seclion of al least 80 X 130 em (2ft 8 in. by 5 ft).

4. A tunnel end of the type shown in Fig. 2·15b may
be constructed as an alternative to the tunnel end
Wilh an exit shaft provided thaI the lonnel is not
1Il0re than 2 m (6 I'll deep and that the area around
the exit is not covered with a concrete slab or a
thick pavcmenl.

,

I:
~ [J

I
I' I
i
F=='ir--..Jb=,r=-=-_~-=&='fr-~=-==- b...... =9
I!! II II

ieJ ~ cE I

I i

7. The cscape'lunnel must be drained and have a slope
nl' 1'10 minimum and 15% maximum.

8. In densely built up areas a system of escape·tunnels
may be formed by interconnecling several shelters
and providing different exit shafts oUlside the area

5. Escape·tunnels musl have the minimum dimensions
given in Fig. 2·16. In any case the cross sectional
area of lhe tunnel must be at least 0.75 m' (8 sq ft).

6. Escape·tunnels with pressure resistanl covers or ends
as shown in Fig. 2·15b may be realized in the
following ways. for instance:

Concrelo ur ubeslUI cemenl
pi""

0.,1 pip<
RCl.:ti6n~ulu cuncrctc pipe

min. dillm. 100 em (39 in.)

min. 80/120 em (30/48 in.)

min. 80/100 em (30/36 in.)

Fij. 2·17. Conne<:lion to an eacape-lunnell)'ltem.

of falling debris (Fig. 2·17). A con nee lion 10 a
system like this is equivalent to an exit oUlside the
debris area as indicated in Table 2-4.

2.2.3.6 Desian of escape-chimney. Escape·chimneys
are air blast· proof vertical emergency exits which lead
up through the expected pile of debris. They will be
subjected to very large horizontal forces caused by the
collapse of the building under the action of an air blast
and may only be proposed in cases where it is
impossible to build an escape· tunnel outside the debris
area. The following points are 10 be considered when
designing an escape.shaft:
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FiJ. 2·18. Construction of ac:ape-chimnc)'L

i, The es<ape·shaft must lead up at least 'I, of the
height of Ihe building as measured under the eaves
to above ground level. In addition the end of the
shafl must reach at least I m (three ft) above the
ievel of the 1J0und floor, but not more than I m (3
ft) under the ceiling height of the fourth floor.

2. The shaft should be stiffened as much as possible by
existing struclural walls and be connected as lillie as
possible 10. floor slabs.

3. The minimum cross section is 80 X 130 em (2 ft 8
in. by 4 ft) (Fig. 2·18a).

4. An opening is to be provided at every floor on
allernale sides of 60 X 80 em (2 ft by 2 fl 8 in.).
The pressure resistant closure of the shelter is
assured by an armoured door (Fig. 2·18b).

5. The shafl is to be equipped with rungs or a fixed
steel ladder. Landings are to be placed on aile male
sides at every floor as shown in Fig. 2·18b or at leasl
every 4.5 m (15ft).

2.2.4 Shelter Doon and Coven

2.2.4.1 Door types. Only doors and covers approved
by the Federal Office of Civil Defense may be used and
they must carry an approval number. These Iypes offer
sofflcient prolection againsl air blasts and their refle"·
tion, radioactive radiation. bomb fragmenls. dust. gas.
and fire in accordance with printed spedflcations. so
that they can be used _s indic_ted in these lechni"_1
dire"tives in one or three umosphere shelters. Their
interior dimensions are slandardized for simplification
according 10 Table 2·5. The door·sil.e 3 is 10 be



.unsidered as an excepliun and is only to be used where
absolutely ne.ewry for pea~elime use, such as a
palSage for lift trucks. This type of door is always to be
used with a removable sill.

2.2.4.2 Fastenings for sheller doon and covetS. The
dours and .overs for the sheller are to be faslened in
a••ordan.e with Table 2·6. From the slandpoinl of the
u••upanlS being able 10 free themselves the faslenings
shuuld be on Ihe inside even for Ihe armourplaled PT
doors. However, since no internal faslening exisls whi.h
is suffidenlly mong all lhe fastenings are 10 be on the

21

oUlside. The arrangemenl and opening of the doors is
illuslrated in Fig. 2·19.

2.2.4.3 The location and inslallalion of doon. The
following points are to be considered in the design:

I. It must be possible to open all doors .umpletely,
leaving Ihe interior dimensions free.

2. All steelplated doors must have 4 .on (1'/, in.hj free
spa.e both above Ihe floor and under lhe .eiling.

The following poinls are to be observed when
installing the doors:

I. The doors or covers and their frames and iUH:hurs arc
10 be pla.ed in the forms in su.h a way lhal lhey
may be concreted wilh the wall (0 insure that they
are securely held in place. They are to be concrelcu
in pla.e with the door dosed and with wedges under
it.

Table 2-6. FUleninp for &heller doon

Table 1·$. Siandardized interior dimenaion.
or theHer doors Ind covell

Interior dimension
Type of do~u,c Size

em inches

ArmourplOited duor PI I 80 x 185 3t'4 x 73

2 100 x 185 39'/, x 13

3 140 x 220 55 x 86'4'
,-

23'4 X 47, 4 60 X 120

Armourpllllcd I.:over PO 60 x 80 23'4 X 31 '4

Prc~~ure door DT I 80 X 185 31'4 X 13

2 100XI85 39'4 X 73

3 140 X 220 55 x 86'4'

QWilh rcmov.. blc sill.

Openina

Doors in the shelter shcllllnd air luck
EmerJency exits throuah the ~heltcr shell

leildinlC to eSClpc-tunncb, ~haft~, or
plleries (cellar)

Inlcrior partition

Door
lype

PT

PD
DT

Direction
of swinJ

Outward

lnwilrd
Either

~

f-

r1
PO PO I

C.2 RE
SR Is Is SR Is SR

PT
S

I PT I
'--_..l

-
Fi. 2-19. Atrlnpmenl of clOlure elementa.



22

P1,n

E
"..
'~L

r-------,

~ III.,,
" ,

\ 1\ '
. 0 I,'

Min. openinl"'.' 10 I, I
, ro, 1~::

" til'....... ---..:1iI~_
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2.3.2 The four Types of Ventilation

The four phases of the shelter operation (article 1.3)
pose different requirements on the ventilatina system
which leads to the following types of ven tilation:

2. Steps are .Isu to be taken to prevent any sagging or
movement of the door after the furms are stripped
(wedges under Ihe door, for instance).

3. During peacetime, the removable door sills must be
fixed in a stored position near the door with the
hardware for their allachmenl.

4. All closures must be installed so thai they fit tightly
enuugh tu maintain an inside preuure of 15 mm ('I,
inch) uf water with the ventilation system operating
norm.lly bypauing the filters (to be tested at the
lime uf acceptance).

Natural ventilation (NL)
fresh air circulation (FRL)
Filter operation (FIL)

Interruption of ventilation

Primarily for peacetime phase
Pritnlllrily (or pre-atlack phase

Prim"lIlly for post-atl..ck or
p, attack ph.iasc

Prirruuily dwina attack phase

2.3 VENTILAT10N

2.3.1 Purpose and Requiremenll

All shelt'" must be equipped with a ventilating
system so that in the interior, even durina lona periods
of occupancy, a physioloaically tolerable environment
may be maintained. The ventilation apparatus should be
able to provide the atmosphere neceuary for life,
especially oxyaen, and exhaust the noxious substances
such as carbon dioxide and moisture as well as heal.
This exchanae must be accomplished in such a way that
no damaaina effect from weapons can penetrate
through the ventilation openinp into the shelter. The
ventilation apparatus which are authorized and stand·
ardized for use in private shelten are desianed on the
basis of the auumed criteria summarized in Table 2·7.

2.3.2.1 Nalunl ventilalion (NL). During peacetime it
must be possible to ventilate the shelter naturally. The
venlilation'requirements depend on the use to which
the shelter is put durina this period. In general,
sufficient circulation will be created in the shelter by
leavina the door and the emergency escape hatch open.
If it is neceuary to provide beller ventilation the
additional ducts must be closed with preuure and gas
tight covers when the shelter is to be occupied as such.
In addition they must be Sluffed or covered with sand
bap or other material to insure that the protection
apinsl radiation is maintained.

2.3.2.2 frail air openlion (fRL). During the occu·
pancy of the shelter in the pre.allack phase - that is,
when the oulside air is uncontaminated - the shelter
shall be artificially ventilated with fresh air.

The basic minimum capacity for the standard shelter
ventilator II based on 6 m'lhr (3.5 cu ft/min) per
person in the shelter. This quantity of air is sufficient to
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Tlble 2·7. Buk criteria ror ttl_ 4eIiIn of IUthoriz:td v.ndlation 'Ylt.ma

OXYI,n (0,)
Carbon dioxide <C03)
Room temperature

and r.lIlive humidity

Requucmenu (or the shelter
•tmospherc for Ion. perio4l

min. 18% vol.
mIX. 1% vol.
25'C (17'FlIOO%
26.5'C (IO'F) 10l'
a'c 113'Fl60l'
30'C 116'Fl40%

Acceptable
for short
periods

min. 16% vol.
mIX. 2.S% vol.
29'C (84'FllOO%
31'C (1I'FlIOl'
))'C (91'Fl60%
36'C (97'Fl40l'

Desired
conclitionl

21% vol.
0.03% vol.

A shelter
occupant
needs or

produces:

O.GII m' /hr (0.63 cu rt/hr)
0.01S m'lhr (0.53 cu rt/hr)
100 kcol/hr at 20'C

(400 BTU/hr .. 61'F)

(0.1 Ib) water hr at 86°
<0.2 Ib) water hr

Tabl. 2-8. ClauificaUon ot ventilaton

Minimum capacity

Number of
VenUla tor Fresh air FiJter Power

plac~ in
classification number operation. opention, Type of power requirement

shelte" mJ/hr (cu m'/hr (cu (WilttS)

ft/min) ft/min)

.- 7 VA 20b 40 (24) 20 (12) lUnd 40, 13 VA40 80 (47) 40 (24) Hand and electric SO
25 VA 75 150 (II) 75 (44) Hind and electric 60
SO VA ISO 300 (176) 150(11) Hand and elecUic 120

"In exc.:eptional cases the number 11\1)' be increased lO~.

bOnl)' for sinaJ' family hornet.

keep lhe carbon dioxide level below I%and to provide
enough oxygen for the occupants of the sheiler. But
only a small portion of the heat which is produced can
be carried away by the ventilation, however. A large
part of Ihe heat must be dissipaled through the shelter
walls into the ground. During warm, humid weather
when the sheller is fully occupied and if the surround·
ing earth is a poor heat conductor a strong heating of
the shelter is 10 be expected.

2.3.2.3 filler operalion (fIL). When the outside air
is poilu led - that is, dUring and after the allack - the
air must be pa....d through a filler in order to remove
the danaerous substances such as gases from chemical
warfare or radioactive dust. In order to keep the
required quantity of aClivated charcoal and the cost of
Ihe Oller to a minimum Ihe ventilation rale is reduced
to 3 m' /hr (1.80 cu ft/min) f~r each sheiler occupant.
Even Ihis quantilY of air mainlains physiologically
lolerable condllions. Of coune, with this type of
opera lion the increase in temperature and humidity will
be even more pronounced than with fresh air operation.

2.3.2.4 Inlerruplion of the ventilalion. The venti·
laling system cannot prOVide protection from gases

produced by Ores such as carbon monoxide (CO) or
carbon dioxide (CO,). In case of smoldering Ores near
the air intake or in case of Oooding il musl be possible
to interrupt the sheller ventilation lemporarily. The
time required 10 reach the lolerable limit of 2.5% by
volume of carbon dioxide in an unventilaled shelter
having a volume of 2.5 m' (88 cu ft) per occupanl will
be abou t 3 hours. The dangerous carbon dioxide
contenl of 4% by volume (candlelight goes oUl) will be
reached in about 5 hours.

2.3.3 The Venlilalina System

The ventilators are standardized and divided inlo four
sizes as indicated in Table 2·8. The venlilator must be
able 10 creale an excess pressure in the shelter of 5 mm
('I" of an inch) of waler pressure so thai gas. dust. and
smoke cannot penelrate into the shelter through leaks
in the shelter shell (cracks around doors or Windows.
etc.).

The arrangement and components of the ventilation
system are illustrated in fia. 2·21.
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Air Intlke with weith... prottetion (LFI

81., protection ¥.I.... (ESV)

PrifNIY filt.r (VF)

CoUte.or for concknMd~... I KSf

Thronl. vtl.. IDKt

FI..lbI. conduit ILl

CoupU"IIKI
O.lIIt«IOFt

V.ntUat~ IVA)

2.3.4 Arranaement of the Ventilatilll
Equipment

The ventilating equipment is to be planned at an early
stage of the project. Th. following points are to be
considered;

I. All the parts of the ventilating equipment are to be
installed in such a way as to be easily accessible.

2. Every shelter is to be ventilated separately.

3. In shelters without air locks or decon tamination
rooms the exhaust air is to be blown out through the
entrance if possible.

4. In order 10 obtain the best cross ventilation the inlet
and the oullet of the ventilating system for the
shelter should be located diagonally opposite from
each other. If the ventilating conduits are branched
they should be provided with regulators so that a
thorough circulation of the ventilating air is assured.

5. The air inlakes are 10 be located in such a way that
they neither draw air from their own exhaust air
oUllet or from that of other inslallatiolls (tank
ventilators. exhaust pipes, etc.).

6. Decontamination rooms, toilets, and air locks are to
be ventilated with the exhaust air from the shelter.
The air lock for a shelter group is to be purged with
the exhaust air from nOI more than two shelters.

7. The venlilalors must be localed outside of the
ren ted porlion of the cellar.

Examples of the arrangement of ventilating equip·
ment are shown in Figs. 2·22 to 2·25.

ExCleli~,. 'III.... (Uvt with_It pl... Of ..... tuIM

Fi,. }·21. Vencjlllion 'YICtm compon.nll and ananprMnl.

fil- 2·22. The uranaement or venlilltinl equipment in a
lin,. thoU.. (up 10 SO <>«.ponu).

LF-------r--J
v~O

/~ J
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2.3.5 Component. of th~ Ventilating
Equipment

S. The inside diameter of the air intake up to the first
mter musl be at least:

2.3.5.1 Air intake (LF). The following requlations
apply to the localion and design ohhe air intake:

I. A separate air intake must be provided for every
ventiiating system. If this is not possible for struc·
tural reasons or the air is drawn from an escape·
tunnel then a common ven tilating system can be
provided for shelter groups of up to 100 places.

2. The air intake i. to be located outside the area of
falling debris; the air is to be drawn' through
es,;ape·tubes. for instance (see Fig. 2·26) or through
buried, rigid tubes (concrete or asbestos cement
pipes) (see Fig. 2·27).

3. If the air intake cannol be placed outside the debris
arca it may be located as shown in Figs. 2·28a and
2·28b in exceptional case. with the permiasion of
the Cantonal Civil Defense Authority.

4. The connection of the air conduit to the shelter
must be done in accordance with section 2.4.

100 mm (4 in.) for VA·20 or VA~O ventibto[~

125 mm (5 in.) for VA·7S or VA·l SO ventilators

150 mm (6 in.) (or two VA·ISO ventil<ttolS

The pressure drop in the conduit and the bends of
the air in lake up 10 the flrsl filter and/or explosion·
proof valve shall nOI exceed 10 mm ('I. inch) of
wa ler pressu re.

6. The air intakes are 10 be provided with a removable
grill and weather protection on the outside.

2.3.5.2 Btaat p,otection valve (ESV) and prima,','
mt.. (VF). The purpose of the blast protection valve "
10 guard the shelter occupants and the ventilating
equipment from shock waves and a damaging pressur'
increase. 11 mull be protected from nying debris, old
fragments. The primary filter removes the coalY ~ust

(radioactive fallout, airborne du.t, and du' from
debris) in order to relieve the gas filter. Dep'l\ding on
the conliNction (i.e., libre filler, sand, or ,r.vel filter)
it is to be placed before or after the bl."t prolection
valve.
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I. Primuy fillers. which are placed in lIle sheller after
the blast protection valve, should be as close as
possible to lIle point of entry of lIle air intake
cunduit LaS m (6 ft) above lIle noor to make it far
enuuah from the sheller u<:<:upanu 10 II not to
require IpeCiaJ radiation protection.

2. The blast protection valve and lIle primary flIter
furm a sinale unit and products of different manu·
facturers may not be combined.

J. The inllructions from lIle manufacturer approved by
the Federal Office of Civil Defense are to be
cunsulled fur the installation of lIle blast protection
valve and the primary filler.

2.3.S.3 Ventilator (VA). The space reqUired for
ventilators VA 20 to VA ISO are shown in Fig. 2·29.

1. The heiaht above ground of lIle air intake con·
nection on lIle sheller lide of lIle pipe is 1.8 m (6 ft)
for all ventilaton.

2. The inllructionl for operating the ventilator are to
be attached to the ventilator or in the immediate
neiahborhood.

J. The electrical inllallation for lIle ventilator must be
in accordance with lIle household installatiun code
of lIle SEV.

4. The ventilator and the gas filler must be prutected
with a plastic cover during peacetime.
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I. ExhauSl air oUllet in exterior sheller wall.

2. Ventilation openings in partitions.

The excess·pressure yalyes are 10 be located as
follows:

The excess'pressure yalye and air oUllet placed in
series are to be dimensioned tu maintain an excess·
pressure of 5 to 15 0101 of water pressure (3/,. to 'I.
inch) in the sheller during opera lion of Ihe artificial
Yenlilalion. The air oUllets which pass Ihrough Ihe
exterior waUs must have either two elbuws or a
remoyable shielding plate as proteclion against frag
ments and radialion (see Fig. 2·30).

PI.,

I
I
I
I
I
I

min. 80 _I
I

Elev.tion
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I. Ex terior walls

2. Air lock walls

3. Partition walls

1.8501 (6') aboye ground

0.4 01 (16") aboye ground

1.85 01 (6') aboye ground

e
~

e

~

2.3.6 Construction Hints

Only those yen lilators, filters, explosion prolection
yalyes, and fittings may be installcd which haye been
approyed by the Federal Office for Clyil Defense on the
basis of tests and which are marked wilh an approyai
number.'

All distribution pipes, fastenings. elc. are 10 be made
of non·splintering, shaller-proof materials. The ma
terials musl nol release any gas at a temperature of
+60°C (140°F) and must be corrosion resistant or
covered with a corrosion protection. The fastenings and
anchors for the yenlilation must comply wilh the
requirements of article 3.4.2.9.

2.3.7 Funclional Test

Fia. 2·29. Space requirement. (or venCilltoti.

2.3.5.4 The pi filter (GF). The purpose of the gas
filler is 10 retaln chemical and bacteriological warfare
agenlS (aerosols, yapon, and micro-organisms). The gas
fillers are to be mounted in Ihe sheller, closed airtight,
and sealed with lead according to regulations. The seal
may only be removed at the time that the sheller is
occupied.

2.3.5.5 Exce.preIIW'e Yalve. The purpose of the
excess'pressure yalye is to close the air outlet opening
when Ihe yenlilation is shut off or during an explosion
as well as to maintain a certain excess pressure in the
sheller during operation of the yentilation.

The following openings are to be protected by
excess·pressure yalyes (see Figs. 2·22 10 2·25);

The yentilator manufaclurer is responsible for the
installation of the yentilating system according 10

regulations, and is to test the operation immedialely
after completion of the sheller. They shall send a
wrillen report of the test resulls to the compelent ciyil
defense authority within one month after the lesl.

•The (ollowinJ instructions of the HZS arc :.applilo:Olble 10 the
manufacture of small ventilator systems. Iheir plllU, and the
lostina o( these elements:

1. Directiye o( the BZS conccrninl t~hniCOlI rcquircmcnu for
smail ventilators 15 April 1956.

2. DillO, VA 20. 111 October 1966.

3. Technical Directive of the BZS concerning minimum require.
ments (or explosion protection valves and primary fillers for
nntilation systems of 15 October 1966.
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2.4 FURNISHINGS AND CONDUITS

2.4.1 The Effect of Weapons

The furnishings or conduits which are installed in the
shelter will be subject 10 shocks and vibrations. The
more Oexible the attachment to Ihe shelter the smaller
will be the acceleration forces transmitted.

The conduits which pierce the shelter shell weaken it,
especially with respect to the nuclear radiation and the
air blast. The number and size of such conduits must
therefore be limited.

Air blasts can create excess internal pressure in
conduits leadina into the shelter.

3. Furnishings made of brittle materials weighing more
than 0.5 kg (one pound) must be shock·mounted on
rubber pads at least S mm ('I. inch) thick. A special
authorization must be obtained from the BZS for
furnishings weighing more than S kg (I 0 pounds).

4. The anchors and attachments must comply with the
requirements of article 3.4.2.9.

S. All equipment which is not fixed must be able to
withsland a free fall of 30 em (I ft), equivalent to
striking the shelter Ooor.

2.4.3 Conduits

2.4.2 Fumishinp

All furnishinp which remain in the shelter during the
preattack phase must satisfy the foUowing conditions
(for the design see article 3.4.2.9):

I. They must not diminish the protective function,
particularly the necessary places available.

2. They may not be made of brittle material such as
cast iron, bakelite, or porcelain, etc., due to the high
instantaneous accelerations which occur.

2.4.3.1 General requirements. All the conduits
mounted in the sheller must salisfy the same require·
ments for shock protection as demanded in article 2.4.2
for furnishings.

In addition conduits passing from the outside under
ground through the shelter wall must be enclosed in a
soft layer at le.st five diameters long and 5 em (2
inches) thick because of the relative movement of the
shelter and the surrounding earth, as shown in Fig.
2·31, for example.

As protection against nuclear radiation and air pres
sure the conduits must fulml the foUowina conditions



in all parts of the shelter shell (with the exception of
the noor and walls against the earth):

I. Conduit openings through the shelter shell having a
total cross section of more than 600 em' (93 sq in.)
in one wall must be approved by the Cantonal Civil
Defense Authorities.

SR Ilm~

Fia. 2·31. Example of the penetntJon of an underpound
conduiL
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2. Conduits of more than 250 em' (39 sq in.) cross
section passing thrOUgh the shelter shell are to be
provided with a double elbow as indicated in Fig.
2.32a.

3. Conduits buried in the shelter shell must lie in the
oUler half. If their cross section exceeds '/.d', where
d stands for the wall or roof thickness, the wall or
deck must be thickened locally in order to have the
normal waH thickness everywhere as shown in Fig.
2·33.

As a protection against alr biasIS all blockou IS of
more than 150 em' (23 sq in.) cross section for the
passage of conduits should have roughened surfaces
(Fig. 2·32b). They should not be made with metaJforms
or asbeSIO cement pipe, for example, or else they
should be conic with the larger end outward (Fig.
2.32c).

II Dl"riated conduit

SR ~~~~C"I"

.. ' . . '

bl I.roigh' conduit

SR Cellir

cJ CoNe.. blockout

Fia- 2·31. ElWIlpl.. or <ondul" leacllnl oul or I cellar.

Fl.. ]·33. wau rein(ornmenr .round conduita in concrete.



2.4.3.2 ConduJtslllOd for civil defel\lC. The foUowing
conduiU for civil defense· purposes are provided besides
the ventilation and exhaust air outlet pipes:

I. Water and sewage pipes. if toile Is and showers are
included in the deconlamination room. See article
2.4.3.3 for size Iimitalions. Drains must be provided
with covers that may be closed tight due to the
danger of water backing up in a· blocked off sewer.

2. Communications: A 20 mm ('I. inch) tube must be
placed in the sheller wail leading outside or in the
cellar so that communication wires or a radio
antenna may be installed at some future time.

3. Electric wires for lighting the sheller and for the
ventilator.

2.4.3.3 .Non-Civil defel\lC conduits.

I. Water pipes under pressure are permitted in the
sheller if there is a drain (max diam 15 em (6 in.))
and a cUI·off valve. Pipes of more than two inches in
diameter require a special permission from the
Cantonal Civil Defense Authorities.

2. Central healing conduits are permitted in the sheller
if there is a drain or if the maximum water level in
the sheller will not exceed 50 em (20 inches) in case
of a break in the pipe.

3. Gas. fuel, or chemical lines are not allowed in the
sheller. They may enler the sheller only as an
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exception and then with the special approval of the
Cantonal Civil Defense Authorities.

2.4.4 Fuel Tanks

If oil or gasoline tanks are located near shellers, the
following items are to be considered besides the
pertinent Cantonal Fire Protection and Water Pollution
Control Regulations.

2.4.4.1 Underll'ound lank not under buildina. Be·
tween the tank and the shelter wall there must be a
thickness of earth material of at least I.S m (5 ft), or
the wall must be reinforced and 50 em (20 in.)
minimum thickness.

2.4.4.2 Tank under buildina. For oil tanks with a
volume of more than 20,000 I (5000 gal) a special
approval of the Cantonal Civil Defense Authorities is
required.

Oil tanks up to a content of 10,000 I (2500 gal) and
20,000 I (5000 gal) have to have a distance of 3 m (10
ft) and 5 m (16 ft) respectively from the nearest sheller
wall; in case of a leak the fuel must not be able to reach
the sheller (i.e., place the tank in a basin).

If an oil tank is located adjacent to a shelter, the
pertinent sheller wall must be a 75 em (30 in.)
reinforced concrete wall. In this wall openings are not
permitted.

Gasoline tanks require a special approval of the
Cantonal Civil Defense Authorities.



Chapter 3. Design and Construction

"

3.1 DESIGN PROCEDURE

The dimensions given in article 2.1.3 used for the
preliminary design must be calculated for the final
design after receiving the construction permit and
before starting the plans, unless the shelter is a I
atmosphere design for less than 25 persons. Basically
this calculation should take into consideration all the
weapons effects described in seclion 1.4 as well as the
peace!ime loads. The majorily of these requirements
may be considered as being fulfilled. however, by the
minimum limits for concrete thickness and reinforce·
ment given in this chapter as well as the regulations for
Ihe layout given in chapter 2. It is therefore permitted
to limit the final design to the consideration of the
following four groups of loads:

I. fire.

2. primary radioactive radialion,

3. mechanical loads from weapons effecls,

4. peacetime loads.

The final concrete thickness will be determined by
the requirements for the resisunce to the first two
effects in accordance with the values given in sections
3.2 and 3.3. In this respecI the basic rule is that the
critical loading is the one that reqUires the greatest
concrete dimension. The given values have lower limits

such that the requirements for all weapons effects not
specifically investigated are already satisfied.

The last two groups of loads innuence mainly the
reinforcement ratio and only rarely the concrete thick·
ness. The design for the mechanical loads from weapons
effects is based on Ihe use of the ultimate static loads
given in section 3.4. The peacetime loads may not be
critical in any way, but it is still the responsibility of the
engineer to assure that the structure satisfies all the rec·
ognized rules of construction and in particular the SIA
codes for loading and concrete design.

In the same way that cerlain minimum concrete
dimensions were determined for the final design, a
minimum reinforcement ratio is required (article 3.4.1)
which is already sufficient to resist a large part of the
loads from weapons effects. The establishment of these
minimum values makes it possible to reduce the design
of the concrete thickness as well as the supporting
reinforcement to the consideration of a few loading
conditions illustrated in Table 3·1.

3.2 DESIGN FOR FIRE PROTECTION

Ceiling slabs and exterior walls not against earth must
offer protection against heat from fires in the imme·
diate vicinity of the shelter. The necessary thickness of
concrete depends on the fire intensity by nammoble

Tab" )·1. Deaian procedwe (or the major wuctwal clementi

Structural element

Slabs and free-sllndina exterior walls

Exterior Will' apinst eaJth

Floors

PartHion walls and intermediate noor slab,
(except ail4oclu)

Criticalloldinl fOI concrete depth"

Radioacli.. radiation (3.3), rue (3.2)
(po..ibly air bllll)

Ground shock (3.4.2.3)

Ground reaction (3.4.2.2)

Construction requucmenlS, .hock
(3.4.2.5)

Criticalloadin. ror conertle reinforcement"

Air btu, (3.4.2.1), (3.4.2.4)

Ground shock (3.4.2.3)

Ground reaction (3.4.2.2)

Shock (3.4.2.5)

-Nol includinl construction requirement. Ind pelcetlmeloadl.
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Table )·2. Conalte dlpth ror rU'e protee lion

Fire intensity

CLau A. Greal fue intenlity

Larae quantities of nammable materi.al near the
shelter such ~J:

I. More than one wooden noor directly oyer the
shelter.

2. Superstructure in wood.

3. Storaae of nammable material such as wood,
furniture. plastics, hay, and fuel In one of the
firsllwo noon directly over the ahelter or next
to the shelter.

Concrete depth for
ceilina sloabs ..nd

exterior walls not
ag.3inst earth

40 em (16 iOl.:hes)

"'..

0 ..' 8. Small fLfe inaenlily

AJI casts not included in elass A, in particular:
I. One family houses. exl.:tpt wooden houses (walls

and noors of wood).

2. Apartment houKs and ornce buildinp of concrete
with the exception of e1alS A3. abo...e).

30 em (12 inches)

"",lerial near the shelter. The fire intensities have been
divided into two groups (Table 3·2).

The concrete dimensions in Table 3·2 must be
increased by IS cm (6 inches) if it is not possible to
leave the shelter for long periods due 10 the radiation of
heal from nearby fuei concentrations such as tanks,
lumber yards. etc. The minimum requirements for
proleclion from heat generated by fires in underground
tanks in the immediate vicinity of the shelter or tanks
inside Ihe building limits are included in article 2.4.4.

When choosing the concrete depth for protection
against heat from fires any earth cover may be fully
considered.

10 cm of earth are
equi...alent to

.. inches of earth are
equi...a1ent to

10 cm of wood are
equi..... lent 10

.. inches of wood .. re
equi...aJenllo

10 em of wood are
equivalent to

.. lItches of muonry are
equivalent to

7 cm of concrete

3 inches of concrete

3 em of concrete

11
/.. inches of concrete

7 em of conere Ie

3 inches of concrete

3.3 DESIGN FOR PROTECTION FROM
NUCLEAR RADIAnON

The reduction of the nuclear radiation is accom·
plished by Ihe mass surrounding Ihe shelter. As a first
approximalion one can say that it is nol so much the
type of malerial bUI the product of ilS specific weight
times the wall thickness which is important. The
radiation protection will subsequently always be given
as a thickness of concrete. Other construction malerials
may be considered on the following basis:

The necessary construction thickness of the shelter
shell depends to a large ex lent on the position of the
shelter within the building and relative to the ground.
Since the grealest part of the primary radial ion strikes
just before the shock wave arrives, the building is to be
assumed undestroyed.

In the follOWing typical examples the necessary
Ihickness "d" of the shelter exterior is calculated on the
basis of the "Handbook of Weapons Effects" (BZS
1964 Edition. Chapter 4). The examples given are
sufficient for the needs of private shelters. and appro·
priate interpolation may be made between two basic
types (Fig. 3·1).
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FI.. 3-1. Concreee thickn... required ror proleeOon hom nuclear ladialion.

Thickntll of shelt,r sh.1I fOr

ElilpoMd roof IIlbIand willi, .bon ground

1 l'moS.

d, ·80 em (31")
d2 -li6 em (22'"

3.lmos.

120 em (48")
85 em 134")

Roof IIlbI not und., building

Thk:knea of sh.lt" shill 'Of

..,

E.rth COVI'

u· 0 em 10"1 earth
u • 20 em IS") .arth
u· ~cm 11S") tlrth
u • 70 em (28") urth

or more

1 .tmot.

d' 55 em 122")
d· 40 em 116"1
d - 40 em lIS'"
d· 20cm 18")

3.lmol.

85 em (34'."
70 em (28'"
55 em (22'"
35 em 114'"

FiJ·Hb

Roof tJ.bI undtr building

Thk:kMtl of Ihe4ter Ihtll for

1 .lmQl., 3 ,'mOi.

When the floor .bov. the IMtt., hal openi"ll (doors 01

windows) "F" including more lh11n 60% of tM will ... rllCl thl
v,lu" Ire:

lulldin, 0.,.1' lhl1lheltlf

one dory d • 315 em 114"1
multistory d· 30 em f1'¥')

[]
OM lIory
multil10ry

d· 40 em (18'"
d· 3acm 114"1

55 em 122'"
46 em 118")

60 em (24")
&Oem (20")

d When the 1I*'.r is in the MCond 01 third b..'ment the sum of
thl thickn.. of ,II the I»..ment IIIbI aboVI the shelte, mult
hi.. It I... the ....1101.. .tHwe.

FiJ·3-le

(Fil'ue conCinued on nexi pap)
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Cellar w,ll, not .,.inn earth

Thick".. of ~t., lhetl 'M
1 Itmot.

• < 11 em t8"~ coner.'. equivalent:

Z small... than 0., d. 35 em 114"1
20.1100.5 d-45cmllSH

)

Z mort than 0.1 d· ISO em (20")

• > 11 em (I") coner••1 equivalent

3 a'mOi.

50 em (20"1
80 em 124")
88em 126")

I

d

Z ......1., dian 0. 1
Z 0,1 t.O,5
Z mort than 0.5

d-:l5 em 110"1
d - 30 em 112"1
d • .wem (16"1

35 em (1."1
45 em 118")
55 em 122")

F F • surf.. of openin. toward the oulJid. (doo". windows) in
cetl., room adjacent to thl plrtintnt ""'t., w.lI.

x • IINltlelt. dlt1ance from the cent., of the openint to ttl•
...... ler wall.

Z ....m of all F/.2.

Fil- J.Id

"" ,

d,

cell., WilU....ina l.-th

Thteknetl of thlf••, shell 'Of
1 .tmot.

Typo of well

Complt1"y underground d, ·21 em UO") 25 em 110")
(ground wrface not Mlow
the undtrl<ide of the
root 1I1b)

Plf1l1Uy undt,.ound d2 -50 em (20'" 70 em (28")
(pound .,rface not mort
c.....n 2 It betow the uncMr-
side of the root lIab)

Uncovered wall
l.,ound "'rface mor.
eMn 2 It ~ow the
roof .Ib)

F;'. He



3.4 MECHANICAL LOADINGS CAUSED BY
WEAPONS EFFECTS

3.4.1 Basis for Calculaliun and Rules for Conslrucliun

In ",der to judge Ihe effe~liveness of a shelter it is
nel.:cssary to know its ultimate resistance when subject
10 Ihe effe~ls of weapons. To ~akulate Ihe limit of
survival with respe~1 to the medlani~al effe~ts of
weapons il would be ne~essary to have a comprehensive
knowledge of not only Ihe slati~ resistan~e but also the
permissihle energy of deformation and the dynamic
l.:haral.:terislics of the struclure. Within the scope of
these Technkal Direl.:tives the design may be mOlde in
the sense of an appruximation hy equating lhe static
rCSlslalH.:e with the ultimate loads given in article 3.4.2.
This ultimale load is ~omposed of the static load
equivalent 10 the weapons effe~1 plus other simultane·
ous loads (su~h as the dead load. for example).

The ultima Ie load ~apacity may be quickly deter
mined using Ihe plasti~ design method and the corre
sponding design ~harts whi~h are given in se~li(ln 3.5.
Sin~e Ihis design method may not yet be thoroughly
familiar il is also permissible to calculate the internal
for~es and moments resulting from the equivalenl static
loads using elastic theory and dimension the cross
se~lions for Ihese for~es in the ~ondition of rupture.
This method generally leads to heavier reinfor<emenl.

I. Resistan~e of steel: The yield stress for the most
communly used reinforcement steels m;IY be used
in the l.:alculations in accordance with the values
given in Table 3·3. These values are slighlly higher
Ih"n the normal yield stress sin~e only very qUick
suess increases are considered. The dependence of
lhe yield suess on Ihe rale of stress increase is a
property of steel and is nol to be confused with' the
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dynamic behavior of the structure under transient
loads.

2. Concrete compressive strength:· The values for
compressive strength mflY be increased by 3(Yfr' over
the usual slatic tesl values oblained wilh cuhes, but
not more than 100 kg/~ml (1400 psi).

3. Shear and bond strength:· Since the shear and
bond stresses may produ~e brill Ie failure neil her
the shear strength nor the bond strength limits may
be increased for dynami~ loads.

4. Minimum per~entage of reinforcement: The sup
porting parIS of Ihe shelter should ~onlain a
minimum <Jmount of reinforcement which is to be
placed structurally as a miJin reinforcemcnt. This
minimum reinfon.:ement should be iJl leiJst O.I'p· in
each direction for any cross section (O.:!'fr of the
concrete cross section) with the exception of the
undersurface of Ihe 110m.

5. When contraction joints cflnnol be flvuided in fl
shelter they should be pla~ed between parlition
walls at least 20 ~m (8 inches) thi~k. Openings
through these walls must be sealed around Ihe joinI
with a waterstop.

6. Conne~tions of the shelter with other stru~lures:

Olher structural elemenls may be alla~hed monu·
lithically or foxed rigidly 10 the shelter. These
connet.:lions or .Htached structures must be fash·
ioned in such a manner, howevcr. lhat Iheir
~ollapse does nol destroy the shelter shell.

-The values lliven here fur strengths of milleriills L'orrespund
with thuse in the addcndum ul" 4 M'H,,:h 1966 tll the ReL'ommen
dation! of the Federal orfkc of Civill)efen~uf 24 April 1965
concerning the minimum requirements for structures. They arc
to be uSt:!d in conne..:tiun willi the appropriate SIA codc!.
especially Nu. 162 :;and i1rc valid until lhc is~ue or the m'w
appropriOlte SIA codes.

Table 3-3. Dynamic: yield sUess for reinforcement steel

Yield stress

Steel type
kl/cm 1

7-18 mm 20-30 ml11
diam diam

psi

lbr Nu.

3-6 6-14

Reinfurl.:emCnl steel I

Reinrorl.:ement ste.elll SIA code 162 (1956)

Reinrufl.:ement steel III SIA code (propoSoCd 1966)

ReinforL'tment steel IV (up to 12 mm or bar No.8)

3000

4200

4800

static yield
stress

2600

3800

4600

43.000

60.000

68.000

static yield
stress

37.000

54,000

65.000



7. Steel plnelins: The steel panelins on the inside of
the shelter may not be more than 2 em ('I, of an
inch) thick. An increased thickness is not allowed
because of the danser of poppinS off.

8. Hooks: End hooks for reinforcement steel may be
omilled if a complete load transfer may be
obtained without them.

9 No pllster or insulation may be applied to the
inside walls or ceiling of the shelter.

10. Relation to the SIA code: All questions of struc·
tural form or construction \ljhich are not trelted by
these Directives are 10 be resolved accordins to the
pertinent'resulations of the SIA code.

3.4.2 Assumed Loads
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may be many times as great and act in any direction.
The air blast loads act primarily normal to the surface
of the shelter shell and create bending and shear stresses
in the walls, roofs, and 1I00rs. In addition, opposing
normal forces OCcur which must be considered when
they reduce the ultimate load of a structural element.
For the design of individual parts of the structure
(articles 3.4.2.1 to 3.4.2.8) only the loads respectively
mentioned need be considered.

3.4.2.1 Shelter roofs. The dead weight of the shelter
roof and the weight of the earth cover or live loads are
to be Idded to the static eqUivalent air shock wave
pressure Pv (see Fig. 3·2). On the other hand possible
loads from the building above, such as debris load. are
not to be included.

Equi\'llent Italic 'old Py
tor ail blut or

y'
'. ,

In the following article the static equivllentlolds for
ground shock and air bllSt are presented. The former is
primarily Ihe governing force for sections of the
structure within the shelter such as intermediate floors
of walls and allached equipment. The generlted loads
are distributed in the same way IS the dead weight bUI

Roofs unde, or outside
of buildinas

lllmol.

to 11m'
(2 kipsl"l (I)

3 aamo..

30 11m'
(6 kipsi"l rt)

-
-- ~

p. I'/....."v,

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.....~.~
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3.4.2.2 Floor slabs. The equivalent slatic load for air
blasl acting on the noor slab is the same as thai acting
on Ihe roof (see arlicle 3.4.2.1). The dead weight of the
entire sheller (with Ihe exceplion of Ihe noor slab) and
any earlh cover are to be included as permanent loads.

These loads are 10 be assumed as being uniformly
dislribuled over Ihe noor when designing for shear
loads.

Equivalent Sialic load Pv
for air blut of

EquiVilent stalic toad Pv
(or Iii blast of

Type of pound

I limos. 3 limoS.

Type 01 around

Sand or pavel

Silty soil.

Saturated soils

In around water
(s<. art. 2.1.2.2)

I.cmos.

3 '1m'
(600 Ib.lsq fO

7 tim'
(1400 Ib./sq h)

10 11m'
(2 kip,/sq fO

121/m'2
(2.4 kip./sq h)

3 almos.

10 tim'
(2000 Ib.lsq ft)

201/m'
(4000 Ib./sq h)

30 11m'
(6 kip,lsq f,)

36 t/m~

(7.2 kip./sq II)

Above tlHlund walt:r

In )/fIlUn<.1 water

I kip' 1000 lb.

10 tim'
(2 kip,/sq fO

1211m'
(2.4 kips/sq fl)

30 tim'
(6 kip./sq fO

36 11m'
11.2 kip./sq fO

In good soils. especially on rock, the noor slab may
be replaced by slrip foundalions or individuai foo'ings
wherever Ihe secondary weapons effects described in
arlicle 1.4.5 are nol possible (Fig. 34). In Ihis respecl
the follOWing applies:

I. The assumption of a uniformly dislributed soil
pressure for the verlical loading from weapons
effects may nOI exceed four limes Ihe allowable soil
pressure for peacetime loads. 0Ului.

2. The foundalion must be able to resist lhe loads
transmitted from the walls as a result of lhe
simultaneous occurrence of horilonlal soil pressure
Ph as described in articles 3.4.2.3 and 3.4.2.4 (see

Fig. 34).

1m

--p, --- --.
:::.: p"-L----....;;"il...----....--

ftU-

...._1

Fij. ,).). Dea-ale in the maximum beodin. moment in lhe
nour 'Jlh (,om moment Mo to M II .a ftsull or the archina
c((CCI in lhe al.

m&1. 4 (J. ""I

There is a non·uniform distribulion of the ground
pre""re as a result of Ihe supporling effeci of Ihe soil
and Ihe actual bending momenl M is less Ihan the
bending momenl Mo which would resull from a
uniform soil pressure (see Fig. 3·3). The bending
moments may therefore be calculated by assuming the
follnwing uniformly distribuled equivalenl Sialic loads
fm ai, blast:

Fia- 3-4. Loadl on strip (oolinp for I sheller.

3.4.2.3 Exterior walls against the around. The earllt
pressure aCling in peacetime is 10 be added to Ihe
uniformly distributed equivalent stalic load Ph frum
ground shock indicated in the following table (see also
Fig. 3·5).
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F
.-"":::::--

"/

Pt-=: ==~- -- ..----.._---_.-
A.. U. Air blut 100dJ on exterior walla nol in Contlct with

the pound.

Fi.. loS. Loada on exterior walls apin.1 lhe Found hom
around oIloc:k.

3.4.2.4 Exterior walls not apinst the around. Ex·
terior walls which are not directly in contact with the
ground may also be subject to renected pressure in'
addition to the excess pressure acting from all sides.
This renected pressure will be diminished to some
extent by the surrounding portions of the building; the
pressure Pb is therefore dependent on the area of the
openings in the adjacent basement such as doors and
windows (FJa. 3-6).

1 limo.. 3 limo•.

UIUmlle stitH:
100d P for

-p ::::: - p

~~~~~~~~~~ :;~~~~~~~~~
ttttttttt~ ~ttttttttt

p :::::: p--
Fia. 3·7. Loadt on intermediate noon Ind pluition walls III

....It of oIloc:k.

3.4.2.5 Intermediate noon and partition waUs. The
ground shock produces accelerating forces similar to
seismic shocks which constitute the determining loads
from weapons effects for intermediate floors and
partition walls. The created loads are distributed in the
same way as the dead weight (including all objects
fastened to the roof or walls). These loads are several
times greater, however, and can act in any direction.

The given loads p are ultimate loads (dead loads are
not to be superposed) and are presented as multiples of
the dead weight 8e. They are to be assumed as acting
perpendicular to the wall or slab and in either direction
(Fig. 3·7). Since even greater shock loads than those
given may occur for short periods no brittle material
such as tile or plaster may be used for intermediate
noon or partition walls.

20 11m'
(2 lonl/oq ft)

30 11m'
(3 lonl/oq ft)

36 11m'
(3.6 lonl/oq fl)

3 alma..

30 11m'
(Ionl/Ill ft)

60 tim'
(6 lonl/Ill fl)

Equivalent IUtic: load from
,",und oIloc:k for

7 11m'
(0.7 lon./oq fl)

10 11m'
(I lon/oq ft)

12 11m'
(1.2 10n'Ioq ft)

Equlnltnl .tllle load Ph
from air blot

1 almo..

10 tim'
(I tonllll ft)

17 11m'
(1.7 tonl/oq fl)

Type of ooil

Unsaturated

F (?i)

In IIfound waler

more than SO

SaturOilcd

less th;tn 50

F • are.a or openinp in the exterior win or the adjacent
b3~cmcnl openina directly outside, in C.' or the tolal Will
~urrace.

1 limoi. 3 lImo..

IntermedUile noors und partition Willis
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Equivalent stalic load p
resuWn. (rom ait blast ror

3.4.2.8 Debr" protection for entrances and olher
supporting struclural elemenls of emergency exits. The
structural elements of escape passages resistant to uir
blast (article 2.2.3.3) and debris proteclion of 'he
enlrance (article 2,2.2.2). as well ,s entry ways and
cantilever slabs, will be sobjecled to pressure differences
caused by the air blast (Figs. 2·11 and 2·5) and musl
therefore be dimensioned to res isI the following equiva·
lenl slatic loads. These loads may act internally or
externally on entry ways ·and from above or underneath
on cantilevered slabs. The dead weight and earth covers
are to be added to 1hese loads.

Vertical escape .hafts are to be designed as can,i1evers
fixed in the shelter shell and acted upon by a horizontal
pressure from any direction aCling perpendicularly '0
the projected area similarly to a wind pressure.

Cove rs for the exits of escape tunnels (art ide 2.2.~ ,5 )
are to be dimensioned in tile same way as shelter roofs:

Equivalent stalic load p
rrom air biasl for

15 '!m' 60 11m'
Pi 11,5 ton'!<q ft) (6,0 lons!l<! rt)

24 11m' 901!m'
Pw (2.4 lon.~/sq I"t) (9.0 (ons/5q ft)

I acmos. 3 almos.

Suuccural e~menC

Walls, roofs, and noors
of "il loc.:ks in
the shelter

In the $heller sht:ll

Between air lo..:k
lind SR or RE

HtHHU"'
Pi p..

H.HH':

Nf;ll 1:.'1:1.:5." outsidt:
,

)Ol!m'101lm P, (1,0
prcs.'urc ;u.:tinll lonlsq rt) (),O lon.!sq rt)
inward

Net exl;'C~' internal IS I!m' Pi 11.5 601!m'
pressure actin!' lon.!sq ft) (6.0 10n.lsq ft)
outwards

Pressure Ol)l.Olinst 24 t!m' Pw 12.4 90 11m'
end wall tom/sq ft) (9,0 lon.!sq ft)

P.

~~ -tttttttttttt~tt

Equivalent slltic 'old p
rCIullin8 (rom ait bllst (or

I .Imo.. 3 almol.

3.4.2.6 Open-ended galleries. Galleries with a dosed
cross section which are dosed alone end and lead OUI
into Ihe open at the other must be designed for excess
pressure acting from Ihe outside or the inside which
Illay result from reflected air blast (see Fig. 3·8). Other
loaus which may act simultaneously such as dead
weigh I and earth cover must be added to the given
equivalent static load p resulting from air blasl.

Fig. 3-8. Loads in open-ended pllene. resulting from air blalt
(P. and Pi do nol occur limuUaneously).

"

1 almos.

3.4.2.7 Air locks. The loads on air locks are the same
as, those for galleries open at one end (article 3.4.2.6).
Thev mUSI Iherefore be designed for Ihe nel excess
"Hernal preuure Pi (see Fig. 3·9). (Dead ioads and
?oS5,ble earth cover are also to be added.)

Debris proceclion of the
enlram:e

Air blillu·proof escape
tunnels

Escillpe shafts

Covers for the exit of
escape shafts

71/m1

(0,7 ton!sq ft)

71!m'
(0,7 lonlsq fIl

IS tim'
(1.5 loni/sq ft)

to tim'
11.0 ton!sq fl)

20 t/m 1

(2.0 lons/Ml ftl

20 tim'
(2.0 lom/~ fl)

401!m'
(4.0 tons/sq (I)

30 tim'
(3,0 'onslsq fll

Fl.. 3·9. Loldl on air loekJ U • felUIt of air blul.

l

n HH~I PI p. ..
:' HH,

SR

3.4.2.9 Furnishings and conduits. The furnishings and
conduits and their fastenings which are mounted in the
shelter must be able to resisl Ihe forces of acceleration
caused by shock. These forces act ,1 the center of
gravity of Ihe object (and may be assumed as being
distributed in proportion 10 the mass) and can act
vertically up or down or in any hori1.onlai direclion.
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Permanenl (orces (dead weighl) are included in Ihe
equivalenl stalic load.

The charts are prepared on lhe basis of the EMPA
formula for calculaling Ihe plaslic momenl m per unit
widlh in underreinforced slabs.

Ultimate Slatic toad p (or

FurnishinKS and l.:onduits

J aemo.. 3 almo•.
, ( 2 and ) ,m = I'h and I - - - I' .; 0.2~w h

3 ~w

,
'. ,

3.5 DESIGN Of RECTANGULAR REINfORCED
CONCRETE SLABS BY THE ULTIMATE

LOAD METHOD

In this section the engineer will find charls (Figs. 3·10
to 3·14) which indicale Ihe ullimale uniformly diSlrib·
uled loads for underreinforced reclangular concrele
slabs. They are based on Ihe classic yield line Iheory,
Ihal is, Ihe ultimate load method for reinforced
cuncrete slabs, and consider only the bending resist
ance. If the shear stresses have a significant influence on
the behavior of beams or slabs al failure these stresses
IIlUSt he considered in the design. The charts may be
used for sections withoul shear reinforcemenl up 10 a
nominai ullimale shear stress Tbr (calculated at the
supports) or:

in which I' is the ratio of longiludinal·reinforcement
area to total t:ross section area above it and and is the
dynamic yield slress for the reinforcement. The paramo
eter for Ihe curves is the degree of plastic I1xity, thai is.
lhe ratio of the plaslic moments over Ihe supports m'
and al mid·span m·. This plaslic degree of fixity A',
unlike the elaslic degree of fixily, is nOI dependenl on
Ihe elaslic characterislics of Ihe building. II is deler·
mined by the dislribulion of Ihe necessary reinforce·
ment in the span and over lhe supports, and may
Iherefore be selected to a large ex len I by the engineer.

In Fig. 3·10 Ihe ordinale gives the required percenl of
reinforcemenl 1" for the span which may be read
directly as a function of the slab slenderness ratio:

span width

effeclive slab deplh

where:

I = span lenglh

h = effeclive slab thickness

~w = ultimate compressive strength of concrete cubes.

The charts are based on an assumed distribuled load
of p = I almos. and a (dynamic) yield point of 4800
kg/cm' (68,000 psi) for the reinforcement steel. For
other values of p or and the amounl of reinforcing
varies according 10 Ihe following proportion:

For a given value of I/h and A' the necessary percent
1" of reinforcement may be read from the diagram.

For Ihe design of reclangular plates supporled on four
edges four different plastic moments must be differen·
tialed: Ihe longiludioal span momenl m; and edge
moment ffix- and the transverse span moment my· and
edge moment ffiy-. A new parameter, a ratio of lhe side
lengths 1,/1, is also introduced. Figures 3·11103·14 are
applicable for Ihe four degrees of plaSlic fixity m;/m;
and my'/my' equal 100,0.5, 1.0, and 1.5 whereby zero
represenls the reclangular plate wilh simply sup·
ported edges. (The degree of fixily is assumed 10 be the
same in both direclions.) The ordinate represenls the
percent of reinforcement steel Jlx• in the direction of
Ihe principle span and Ihe abscissa is the slenderness
ratio I,/h where I, is the shorter span length and h is
Ihe effective slab depth. The curve parameter is the
ralio of span lengths 1,/1, wilh a chosen fixed ralio of
Ihe plaslic moments in Ihe principle and secondary
direction X = my'/m; = my'/m;. This ratio is chosen
as 1.0 for Ihe square slab and decreases linearly with the
span ratio 1,/1,.

68,000 psi

and

p

I
for-<8

h

I almos.
or

4800 kg/cm'

and

p

1 almos.

0.06 ~w
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Fig. 3-10. Ultimate load design for I reinforced concrete slab supported on two edges.
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FiB- 3·11. Ullimate load design for a reinforced concrele slab simply supported on four edges.
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Fig. 3·12. Ultimate load design for a reinforced concreCe slab wilh a plastic edge fixity of 0.5 on four sides.
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Example No. I: Roof of a I atmosphere shelter

Given:

To be found:

Effective cross-sectional area of steel reinforcemenl As·
in the span and As' over the supports:Span

Slab thickness

Wall thickness

Stalie depth:
mid·span
edge

Degree of plaslie fixity
(assumed)

I = 400 em (13 ft 2 in.)

d = 3S em (14 in.)

dw = 2S em (lOin .)

h = 32 em(12'/, in.)
h - = 22 em (8'/, in.)

m
- =0.25
m'

(~= 158 = 12.6)
\h 12

A' = 0.25

from Fig. 3·10:

I 400
-=-= 12.5
h 32

p. 1.lm

3.80 I : 25.. ; .

IJ.' = 0.35% fe' = 11.2 em' /m (0.52 in.' /ft)

The thinner seclion of the wall will be determining
for the moment over the supports. The quantity of
reinforcement is proporlional to the stalie depth h,
therefore:

At the supports
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11" = 11' • >- .• (:.} = 0.19%

fe' = 4.2 em' 1m (0.245 sq in./ft)

with:

I, 16 X 12
-= = 16.0
h 12

I, 500
-=-= 15.6
h 32

The dead weight of the roof Is. = I tim' (200 Ib/sq'
ft) in this case) is to be incloded when calculating the
ultimate load. The steel content must therefore be in·
creased by a factor of 1.1 [I atmos. plus I tim' (200
Ib/sq ft) = 1.1 atmos.]. Therefore:

I, 500
- =-=0.77"'0.8
I, 650

I, 16
- = -= 0.76 '" 0.8
I, 21

fe' = 12.3 em' 1m (0.570 sq in./ft) From Fig. 3·13:

fe' = 4.6 em' 1m (0.270 sq in./ft)

Example no. 2: Roof of a I atmos. shelter

Given: fex' = 5.1 cm'lm

= 0.24 in.' 1ft

fey' = 4.1 cm'lm

= 0.19 in.' 1ft

m'
X=0.8 =-ym;

11y' = 0.8· 11x' = 0.13%

11x' = 0.16%

fey' = fey" = 1.1·4.1 = 4.5 cm'lm

= 1.1 X 0.19 = 0.21 sq in./ft

fex' = fe x' = 1.1·5.1 = 5.6 cm'lm

= 1.1 X 0.24 = 0.26 sq in./ft

Since the degree of plastic fixity >-. is 1.0 the plastic
moments over the supports are the same as in the span.
For equal effective depths h' and h' the reinforcement
is the same in the span as over the supports. In addition
the values taken from the charts for I atmosphere
pressure must be converted to the ultimate total load
including dead weight:

Therefore it follows that: Idead weight S. ='1 tim'
. (200 Ib/sq ft»)

I, = 500 em (16 ft)

I, = 650 em (21 ft)
d = 35 em (14 in.)

dw = 35 em (14 in.)

h = 32 em (12 in.)
h' = 32 cm(12 in.)

m
-= 1.0
m'

d = 35 em ~1
--'

~11_--...:::6.::.:::...20_.II~ ~t

span length
span width
slab thickness
wall thickness
effective depth: mid-span

edge
plastic fixity (assumed)

To he found:

Crossosel:tions of steel reinforcement fe/, fe x-' rey·,
fey"

In both examples the required reinforcement is more
than the minimom value of 0.1% which therefore does
not apply.



Appendix A. Summary of the Most Important Information

This abbreviated summary contains only the most
important information from the chapters I through 3
and is not meant to be a complete summary of the
compulsory regulations. It is intended only as an aid for
reference to be used in conjunction with the main texl.

1/'2, the number of seats

11) the number of work places

I 10' (10 sq fl) of noor space
2.5 m2 (88 cu ft) of volume

I m2 (10 sq ft) of noor space

0.05 10 2 (0.5 sq (()/shelter place
min 2.5 10

2 (25 sq ft)
max 5.0 m' (50 sq fl)

0.07 m2 <0.7 sq ft)/shelter place
min 3.5 m2 ()5 ~q ft)

0.1 10
2 (10 sq ft)/shelter plOiCC

min S 10
2 (50 sq ft)

min 6 m1 (60 sq fl)

min 2 m (6 fl 6 in.)

Article 2. LI. 3

I per room

1 per bed

11) of the number of beds

%the number of seal~

I per 20 m' t200;q f,)
of Ooor sp;u.:e

1 per 150m' (1500 "l fl)
of Ooor space

Number of places

Storehouses, permanent
exhibits, and exposition
halls

4. Space requirements

For Clf.ch decontamination
room

For ellch combined alt
lock·decont;amination

Homes and vacation house~

Hospitals and asylums

Hotels

Restaurants, places of
amusement (movies. theatres,
etc.). schools

Churches and temples

Offices and administration
buildings, industrial and
commercial businesses
(factories and shops)

Stores and warehouses

For Clf.ch venti"'tor

For each air lock

Per pla~e in the shelter

Type of building

3. The number of places (0 be provided Article 2,1.1,2
in the meller

Shelter nocr space

Head room for 1I shelter

Ch:opler 2

Section I.J

Cn...pter 3
Appendix C

Section 3.1
Article 2.1.3

Sections 3.2 and 3.3
Section 3.4

J. Applicability of the TWP

Privilte shelters in new buildings
Ot:~rcc of protection:

required I .. tmos.
permitted 1 01 3 illmus.

2. Application of Ihe TWP

Shelter planning (aIchitect)
Fin.. 1structural design of the sheller
(engineer)

General
EXl.:cptions (only I almos, shelters

with up to 25 places)
Design pro\.'Cdure

Dimensions (or prclimiruuy design
and building permit

C.. leulalian of con4.:rcte thickness:
Fire IUi.ld Section 3.2
Radiuactive radiation Section 3.3
Calculation of the concrete reinforcement
Mcchitnicill effects of weapons Section 3.4

(or pcilcclimc loads)
Fulfilling requirements for the effects

of other wc..pons (Section 1.4)
Minimum concrete thickness
Minimum concrete reinforcemenl

47
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S. SlructuraJ dimension. (or preliminary Article 2.1.3
dea.ign

7. Anansement of emersency exit. Article 2.2.3

Number of
Construction

Minimum Minimum
of S .nd REsheller Inclusion
in one room

number of number of
places

or separate showers toilets"

up to SO optional SandREinl
room

51-100 required Sand RE in 1 I per 100 I per 30
room or places places
scp.;.6rllte

101-200 required S sep;.rate
from RE

QH.lIlf may be chemiard toilets and the rest latrines.

Concrete thickness
Structural Location 1 atmos. 3 atmos.
element

em in. em in.

Roofs Under buildinss 35 14 55 22

Not under buildinas with
earth coyer o(

oin. 55 22 85 34

12 in. 35 14 65 26
More than 20 in. 30 12 50 20

Normal intermediate floors 20 8 20 8
Inlermediate noors over or 25 10 30 12

under an air lock
Walls Entirely underground 25 10 25 10

(ceilins below ground)
PartiaUy undersround 50 20 70 28

(underside of ceiling not
more than 2 ft above
ground)

Exterior wall standins free 80 32 120 48
(underside of ceilins more

" than 2 ft aboye ground). Walls facins the basement not 35 14 55 22
against the ground (also
partition walls belween two
shelter groups)

Partition walls 20 8 20 8
Air lock walls 25 10 30 10

Floors Foundation slabs 20 8 25 10

2·7
2-8.
2·8b
2-9.
2-9b
2·10.
2·IOb

Fiswe

Articles 2.2.3.6
.nd 2.2.3.5

Article 2.2.3.4

Arliel. 2.2.3.3

AUicle 2.2.4

Inside dimt.lnsion~

,m in,hcs

80 X 185 32 X 72
100X 185 40 X 72
140 X 220 55 X 87
60 X 120 24 X 48
60 X 80 24 X 32
80 X 185 32 X 72

100X 185 40 X 72
140 X 220 55 X 87

I
2
I
2

II IV

MinifTlum requirements
for unaided emergency

exit for stage

Opening

PO Inward
DT Either way

PT Outward

Type

up t~ 13
14-50

or
51-100

or
101-200

or

8. Shelter doon and shuller.

Number of
shelter
places

Construction of emergency exirs

Stag. I
Air blast-proof escape passage
(with cantilever slab or entrance
gallery)

Width min 1.3 m (4'3")
Lenglh min 2.0 m (6'6")

Stag. II
Emergency escape shaft 60 X 80 em
(24 by 32 in.)

With shaft 60 X 80 em
(24 X 32) in. inside
Without shaft: clean sand "or
gravel fill

Slag. III
Escape chimney and escape tunnel
endins in debris area: only allowed
exceptionally as partial substitute
for stase IV

Stage IV Article 2.2.3.5
Escape tunnels that terminate
outside the debris area (distance =1/2
heisht under eaves) and/or connect
to other escape tunnels system

Min cross-section: Concrete pipe 100 em (40 in.) diam
Oval pip. 80/120 em (32/48 in.)
Rectangular 80/100 cm (32/40 in,)

Artiel.2.2.2.36. Requirements for air locks,
deconlaminalion rooml, loileel,
and shower.



9. Venlilalion

Capadty: Fresh air: 6 m3 /hr
1212 cu ftthr) pcr
~hclter place

Filtered air: 3 m3/hr
( I06 con flth" per
sheller phll,:c

Air intake: Outside the debris arei!
(di,;lancc =1/, heillht
under caYes) in CJiL-oIpC

tunnel for inSlant:e

Yentilillurs

Section 2.3

Article 2.3.2.2

Arlicle 2.3.2.3

Article 2.3.5.1
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Article 2.3.3

Minimum
vcntil.. tion

FilterNumber of Ventilator capacity Typ< Power
plal'cs in type fresh air

operation of requirement
sheller" number operation m3 /hr ft3/min power (watts)

m)/hr ft3/ min

7 VA 20b 40 24 20 12 Manual 40
13 VA40 80 48 40 24 Manual and 50

electric
25 VA 75 150 90 75 40 Manual and 60

electric
50 VA 150 300 180 150 90 Manual and 120

electric

Din exceptional cases the number of places in the sheller may be increa5ed by IO'.¥.,
bOnly for one family houses.

10. Conduitl

Conduits in the shelter shell

Only in the outer half of the shelter
walls.

The maximum cross-sectional area
is It- d2without reinforcing the wall

Conduits .through the shelter wall

Total cross-sectional area in anyone
wall maximum 600 cm 2 (93 sq in.)

Conduits without double bend
max 250'cm' (39 sq in.)

Smooth finished openings
max ISO cm' (24 sq in.)

Water pipes up to 2 inch without
speciilll permission

Sewer pipes

Gas and fuel lines not allowed
in shelters

Communication
A 20 cm (3J. inch) diam pipe must

be provided in the exterior wall
of each shelter

Se..:tion 2.4

Article 2.4.3.1

Article 2.4.3.)

Article 2.4.3.1

Article 2.4.3.3

Article 2.4.3.2

Arlicle 2.4.3.2

Article 2.4.3.2

II. Fuel lanka

Undergruund

The minimum distance frum the
shelter wall is 1.5 m (5 ro or
the wall must be SO cm (20 in.)
thick

In the basement

Oil tank, of 10,000 10 20,000 I (2500
and 5000 gallons) must be 3 and 5 m
(10 and J6 ft) respectively from the
shelter or the sheller wall must be
75 cm (30 in.) thick (without
openin,l)

Oil tanks of more than 20,000 I
(5000 gallons) capacity require
special aUlhoriz.alion

In case of a leak the fuel must not be
able to reach the shelter (Le., place
the tank in a basin)

Gasoline tanks require special
. authorization

Article 2.4.4



Appendix B. List of Terms with Definitions

I. TERMS CONCERNING THE
EFFECT OF WEAPONS

Fusion bumh

A Illu.:lcar homh whkh 1l:lc~scs ils energy lhrough
ml'llill~ llr ;Illlmil.: Iludci.

Fis,\riiOI1 bomb

t\ nude'll hnlllh whkh rclc;lscs energy through splitting
of ullllnit.' lllh.:lci.

Gruulld level, low, alld high explosiolls

lllUkillioll ur Ihe relative height of a Illh.:lcar explosion
uhovc grolllHL GroUIHJ level means all explosion nCiH

the groulld (rorming a craler). Low and high desigllate
an explosion of I KT cyuivalcnl energy at 100 10 200
111 1.100 or 600 rt) altilude respeclively or all explosion
til' I MT e4uivalelll ellergy al 1000 to 2000 m (3000 or
60001'1) allilllde respeclively.

Conventional we3pons

Explosive weapuns whkh release energy lhmugh molec
ular rca..:liuJls (explosive and inccndi.uy hombs. gre·
n;uJcs, fr;J~I11CIII;llioll hombs, :md shells),

Roentgen

Physil':l1 unit fur I11ciJsuring r..dialioll intcnsilY.

Relll

Unit for Illca!iuring the biological effect of radioactive
radiation.

Fire load

Measure or the existing narnmable material in the
lll'i~hhurhood of (he shelter. such as kg of wuod
e'luivaleni per s4 Illeler or noor space (or pounds/sq ft
of nom space).

Shock

Collective lerm for Ihe maximum values uf acceleration,
velodty. and <.!isplaL'ement to which the shelter. as a

SO

rigid body, is subjected by the pressure WilVC prop.. ·
galed Ihrough Ihe ground.

Mechanical effects

('omprehensive leon for IOiJds due 10 air prcssUfl'. soil
pressure. shucks, friJgments. tJcbris. ele

Reneeled pressure

That pressure whil:h is creiJtetJ 011 the surf:.lcc or IJ solid
ubjeL'l when IJn expundillg iJir hl:Jst sl rikcs it. The
renectetJ pressure is more thiJn Iwke :.IS gr~;11 ;IS tile
impinging pressure uue to the cumpressihility (If the air.

2. TERMS CONCERNING THE SHELTER
AS A UNIT

Sheller unil

A shelter consisting of one single mom for OCCUp"llll"y
(Ihe shelter cell) by nol Illore thon SO persolls.

Shelter group

A sheller. consistillg of two to fuur shelter cells
surrounded by one single shelter shell and provided
with only one enlr:mce.

Protective capacity

The sum uf the protective effel'1 offered hy the shelter.
For a comprehensive <.!est.:riptiun olle should int.:llll.k till'
maximum values of the effct.:t!i of eiJt.:h type of weap0!l
against whkh the shelter miJY offer some protection. In
general only the maximum value for one single crilil:1J1
efreci will be given. such as Ihe peak value 01' the air
blast resulting from a nudear explosion in open tcrrain
measured in atmospheres (Le.. atmuspheres or eXL'e5.'\
pressure ).

Shelter shell

The external elelllents (mof. walls, and nom) of Iho
shelter which separate it from the unprutel.:lecl sur·
roundings.
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Phueo of opention

Specially defined conditions for which Ihe shelter must
fulfil a cerlain purpose or function (see section 1.3).

Unaided exit

The action of the surviving occupants of a shelter by
which they free themselves from debris withoul outside
help afler an attack.

5% rule

An abbreviation for Ihe role, based on Ihe Federal Law
concerning the Slruclural Measures for Civil Defense of
a 4 OClober 1963. which limits the addilional eosts for
construction of a shelter to normally not more than 5%
of the building costs.

3. TERMS CONCERNING SHELTER COMPONENTS

EXlerior walls

Walls of the shelter shell.

Underground wall

A wall is againsl soil up 10 al leasl ceiling level.

Partially underground wall

A wall which is covered with soil 10 within at leasl 60
COl (two feet) of the ceiling height.

Free·standing wall

A sheller ex lerior wall which is nol in a covered
basemen I or covered with soil to within al least 60 em
(two feel) of the ceiling height.

Uncovered wall

A shelter w'IlI which is in a cuvered bi.lsement.

Intermediate Ooor or wall

Floor or wall wilhin Ihe sheller shell.

Sheller in ground water

A ,helter where the maximum yearly ground waler level
rises ""'re Ihan 50 cm (20 inches) above the sheller
Ooor level.

Emergeney exit

A comprehensive term fur iJll sorls of exits which may
be used when the surrounding.s arc destroyed.

Air b1ast·proof escape passage

An emergency exil which leads out under Ihe building
with walls and roofs resistanl 10 air blast. The exil from
lhe ,helLer is by means of openings in the wall or an
<.Irmuurcd door.
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Emergency shaft

An emergency exit leading direclly through the sheller
shell to Ihe building limits.

Escape tunnel

An underground emergency exil leading away from Ihe
building.

Escape chimney

An emergeney exit consisling of an air blast proof
verlical escape lube leading from the sheller auove the
expected level of debris.

Wall opening

An opening (protected with an armoured cuver) in the
shelter shell leading to an emergency exit.

Wall break·out panel

An opening in Ihe parlilion wall between row houses
which is closed off in peacetime. bUI which may be
easily broken throogh in case of war for use as an
emergency exit.

Debris area

. The ground surface within which piles of debris may be
expected 10 form when the building is deslroyed. II
exlends a distance of 'I, H in all directions from Ihe face
of Ihe building (H being the heigh I under Ihe eaves of
that face of Ihe building).

Armoured door PT

A door used to close the entrance Ihrough which lhe
occupanls pass .inlo the sheller shell or the air lock (the
protective capadty in accorduncc with spcdriculions).

Armoured cover PD

A cover used to close openings in the shelter shell for
emergency shafts, escape tunnels, cSl,:apc dlilllllCyS and
wall openings.

Pressure door DT

A shelter door which is built into p;.Htitiotl w<llIs within
Ihe shelter.

Standard door NT

Standard (nol brillle) door with no protective effect
used in non·strUl.::tural purtitiun wulls.

Airlock

A room phH.:cd at the cnlr<lm:c of the shelter with two
pressure- and gas-proof doors CPT) in sCquClh':C. Olle of
Ihe doors must always be closed. This make' Iraffle
possible with the outside world withoul opening the
shelter.



Decontamination room

A room placed at the entrance to the shelter which
serves as a place to clean or change clothes contami·
nated with poison gas or radioactive dust carried by
persons en Ie ring the shelter. It may also be used as a
toilet or lavatory.

Blast protection valve

A check valve in the ventilation air intake which
remains open during normal operation but will be
closed automatically in a few milliseconds by an air
blast and protect the ventilation system (filter) and the
shelter from too great over pressure.

Pressure valve

A quick·c1osing valve in the air outlet which is opened
sufficiently by an excess internal pressure of a few mm
of water 10 permit the exhaust air to escape and closes
automatically in case of excess pressue outside (or if the
excess internal pressure drops).

Primary filter

A filter placed before the gas filter and the ventilator to
eliminate the coarsest dirt from the intake air.

Fresh air operation

A mode of operation for the ventilating system in
which the intake air isnot drawn through the gas filter.
In this mode the ventilating capacity is 6 m' (3.5 cu
rt)/min per person.

Filter operalion

A mode of operation for the ventilating system in
which the intake air is passed through the gas filter. In
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this mode the ventilating capacity is 3 m' (1.75 cu
rt)/min per person.

Non-civiJ·defense

All that which does not add to the protection of the
shelter.

4. TERMS USED IN THE DESIGN
OF THE SHELTER

Ultimate load method

A method of static calculation used to determine the
rupture load for a supporting structure.

FaUure, failure load

The limiting condition and limiting load. respectively,
of a structure. No further loading is possible without
inhibiting the function of the structure. The ultimate
load is obtained by superposing the equivalent static
load from the mechanical effects of weapons and loads
acting simultaneously (i.e.. dead weight).

Degree of plutic fixily

The ratio of the plastic bending moment over the
supports to the bending moment in mid-span for beams
or slabs.

Under-reinforced concrele cross-section

A cross·section for which an increase in the bending
moment will stress the reinforcing beyond the elastic
limit before the concrete fails in compression. (This
definition, used in connection with the plastic design
method, is different than that for an elastic under
reinforced section.)



Appendix C. A Typical Small Shelter

Table C·1. Concrete dimensions for a I)'pical small sheller

5. The concrete cylinder compressive strength at 28
days must be al least 300 kg/em' (3200 psL).

6. The reinforcement steel must be type III (SIA code
162·1966).

If not all of these conditions are fulfilled Ihe design
must be prepared in acwrdance with chapter 3. The
structural dimensions for the typical shelter are given in
Table C·I. The reinforcement and the wnstruction
details arc shown on the plan.

......

In order to simplify the final design and detailing for
structures of secondary importance after the prelimi·
nary planlling (data given in Chap. 2) the following
almost complete designs fUf small shelters are pre·
sented. Since such typical plans arc necessarily based on
gross simplifications no spedal conditions for particular
cases arc wnsidered. This saving of extra effort in the
design at the cost of the quality of the solution is
worthwhile only fnr small shelters. The design included
here is therefore only applicahle directly to .1 atmos·
phere shelters with no more than 25 places.

III addition the following wnditions must be fulfilled
in order to usc the typical design:

I. The no", elevation I11USt be above the ground water
level.

2. The shelter ceiling must not exlend more than 60
CI11 (2 rt) above grouod level.

.1. The ceiling height. of the shelter must not exceed
2.4 111 (7. ft 10 in.).

4. The shelter must be untler a building.
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Roof
Floor
Exterior wulh:

Toward the t.:cllar (frcc·standin~)

Underground wall (r.."Cilin~ below
ground level)

Partially undcr~ruund wall (ceiling
nol more than 2 ft above ground)

35 em 14 inchcl'
2n l.:m 8 inl,:hcs

35 ClIl 14 inl.:hes
25 I.:lll III inches

50 em 20 inches



SECTION A.A SECTION C·C

15~'8 ••151 .=
116 ,

r f ,
, I.,0 .=15

~4.IOAdd.

Inn 1.'/\

~ ~2."O Additional. ..
f L

I

1~-4tl0 Add.

.....,'

...

SECTION 8.8 SECTION 0.0

0-
,on r/

, I
r lI\

'"

tlO •• \!;- fJ
t7~,>'/;~,

tl0 •• lO 0......
tlO ••)0-

f
0..

-jil

,
ttttlO

•• )0 tl0 .=30,80'"
0

~ III~ ,/.

II1m.,O'" "4
~ lil

.1.11:15 .10 '1:15
~

" "4 4

51 51
lil• •
"4

2[ nr·1O ..15 .10 ..15 51

W tl0 ..15



Two.family Hous. H. tr-ti.iU.r, a.rn
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