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AIR RAID SEAPGH

 Beforo we can plun successiul defonslve mCosuros und make efficlent
and cconomienl preperstion Tor the equipnont nocssuary to ithose moasures,
76 must kow the mobthod ond weapons vith which the onemy ntbecks) we
smoh kmow tho guolitstive ned quentibative effecta of offensive weaponSe

& bomb io o weapon or device shieh, afbor relesce fron an airplond,
phrikes $ho plscc where its offoet, usually destruction, is desirad.

The Compy s O A Banb

tithin the caas of a bomb thers is n charge sad o fuse. Tho bomb
case is Titted with fins which sssure, acting in cenjunction with the
cember of sravity, that the bowd will €211 in ite trajoctory with ths
tip first, and will sirike the torpet in this position. This pormits
a more corialn funcetioning of the fuee device, end is also po absoluto
aecssaity for corzect terged iumpact.

Phe shaps of & bomb in proseribved pariislly by serodynsule factors,
parsiolly by its plecement in or on ihe sirplonc, ond prtinlly by moes
production methods. Tho bomb shepe moat often uesd is cylindriecal, with
ong end poinbuda

The chevgo of o bomb mny consist of explosives, o incondiary,
$1lominnding, Suokceor gos-producing mgents. Tleso vorious chergos &To
activeded ot $ho proper ime by meens of @ chodn of debonation, the
bord fuse dovicss

The bopb fuco is o Gavien which ot the propsy point on the trejeckory
or n% the moment of impach, setivpbon or detcpstes the charps. (Des
Figure 3-0)

Borhs o@o suapended in tho sirpless in o korlsondel or o porpéne
diculnr poscitiem. Dombo suspended horizontelly are abiached to the
wing or fuseldpe of the plone by mosns of ¥ suspenaion ring placed ab
the bad'a cepter of gravily.

Deabs cusponded wriieslly ove lumg in the bozbeboy inside Yhs
faselage, suspended by ueons of & pubpension ring a% the tip, 7The
smmmanaion device in the nirpiutny is

T EANUSL OF DULOIMLLC USYilté CptlTivial
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qhe susponsion device is the drop-controlling aovice of the
' bombs, as nell, Dy weadS of which the bomb folls of 1t own weight
upon release at the proper timd. BY means of tho »elease devicd
it is possible o drop bombs singly, in succession, or cll al oneo.

fhe neture of the Serget (Drides, wailrosds, colusms of 7
troops, eitlos, stc.) and the offect roquiréd prescridbe e method
of release snd Tho nwweT of bexmhs ko be droprede

Borb Tynes \

trom & tochienl gbandpoint, wo can aivide aerisl bombs aecording '\
$0 their effecta, into two clusses: 6xplosive and apceial=7arposc l
borhSe 3

|
Explosivo Bobs 1
|
Explosive bombo accompliish theiw migaion by &n czplosion ghich t\
causeo demolition, fragmentation, OF firess !
hocording to vheir uses, we con clacsify then as sragnenbation

nnd demelibion bomboe

Troguon tatiom Basbs

Fragnentation bombe are uyged for the desiruction of living wmnd
lesser resistsnt matorisl targete BY greet fraguontetion oceuring &%
thoir detonebion. In order to achleve this great fregacntotion, the
wally of the boumd caoing ere thickor, though the explosive charge
ameants to only 7 to 20% of the total bomb weight. Tho charge must
anstter the wells of the casing into bits, and iopsrd eufficient
encrgy to We fTegents to enoble them 4o necomplish their destructive
and sounding pissions. The nusber of frogments at the nosent of
dctonaticn is gomérally from 2,000 to 6,000. The encrey of the
frogents depends, in addition %o tho quality of the Cherlid, upon the
size uné sheps of the fregomonts, Yroa the tactical stendpoin®,
desiructive Progments ore those paving sn impacy foree of 8 to 15 me~kSe
The wolght of the most effactive frogoents is potween B and 20 g LY
& nors precise definiyion, the seattered bits of the Ira rapnkabion
vosib are the smaller naplinters,” while the bits of casing of tho

... ... ceoolitio; bonb ore tho heavier *graguente”. The sverage speed of
e N ORI RS BT ) ﬁfl’l“’.““:‘ i Eg;\% noumds ars
et £00 o X P ETI RS S

- 4 | S
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! Tho ldpetic onevgy of the fragzonis folloxing the dstopation is
' qaickly rocnced by aly friction. Tho yesistonce of the air dopendo
' upon $he chopo snd yolocity of the frogaenty. At the Astonation
¢heo uplla of the bord casing arg vurat into fropaonts of verdous
weights. ¥ron the sactical vicw the serrated, sagwtooth~edgsd
frogamts ore the most offoctivo, beeouse those oan produce the
greatoot lecexstive offect o £no humnan bedve (Soo Tlgurd 2.}

wo can differontiato beiwecn two types of frageentation .
&iptoncosi )

. 1. Tao effoctiw fragaontotion disisned is the distmnce reosurod
feom the poing of dotonadicn, where oms offactive fregent still falls
oy squepe noter, and where the foree of ¢his frogment is otill

pogaessed of desbruckive powor;

2. The daopgerous eragrentation distsncc 35 the distancs where
tho fragoents reoch wilth sbiil sufricicnt foxce 1o bo danpercutes

Froguentotion buabs hwsve inchanbanecusz fuses ond, sc a Tooulb,

thoiy sxplosive o frogpontotive effeats o®» spproxinstely at %he
' ¢ime of impact on the tarpets hen debonotion takes place,; the

fragmants ocaitor miferaly in a1l Girectionte Tpoticaliy, only
shose froppents which sro within tho height of a @@D 8TC effoctive.
The enexgy of the fragmnts axching upeseds is apatod vhen they f03l
Back ¢ oartha Generally, Tragmentoiicn boss are vade of wolghis
of from 2 3o 0 k. Demoliticn bombs alao hove 8 fraceenbation
efogt 4T they swe fitted sith instansensous fuses.

Peasiibicn Bombs ;

pameliticn baba, by virtue of thoir grester ghazgod whieh reoult
$n significsnt sxploalve ePracha, sre Suitoble for orozecning torpsie
of crouter solidity. wodom demolitlon bashso are mde in woights
of from G0 o 2,500 ¥g. & «inot speelel tovgets neumas of £ 8O0 6 €

pore pesd in ¥orld e iz, .

voetweon 40 ond 70% of the bomb casing holding the exglosive
choavpe forns lavge frogEnys a% the Pl of detcandicn smd is thoro-
rove suibobls for uss ogalinst 1iving tergete, cirplanes M fields,
obe. The fuse o @ dGonolition b 1o nowralliz o delaysd porcunsion
fuze, Tho nosh practical aciny tue is fro 005 S0 0,10 STe,

P e iER2ER A is possible for the fiwo o oxbend to soverml seconds, "
on houre, OF GVOD G070s  HAL Mawosvos G ST S-SR DR e |

""" - of the bord will dofonste the ChAPES of tre bomb or will stsrt tho ’ B

chnin of detonation, 632 peEls o2 ite otriving the tarret surfoeles

- B - . H

-~ | /
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Tho deolition bowds then produces its most offeciive vesulis by
penetrating the turget, bocouse of its doley in detonation o 2 depth
wieze it con proeduce the greatest destrustion Ly its explonicn.

AS a ceneequonee, the denoliticn bomd muist possesy the propon-
kinetle enerpy at the mowont of impact to ollow it 0 ponotrats she
toxget surfece. For $his, hesvicr baabo and o wvropor drop nltiimds
are nccessary. hocwing tho welght of the bomd and tho érop altituds,
tho kinotic enerpy (E) of the bozb at iho moment of fmpuct con te
eonputed from the formmlas

% = ny
e

where m = bomb wedeht in kg, . its dlmensiom is
S

kp secd, end

- B

7 = impact velooity of the bomdb in m/sec.

&ince for a given bomb the wolght io soustant, i%e kinetic cmerpy
enn only inoresss with the drop nl¥itude, und 1% will thorehy icersase
it pametredive dopth into the tarpot. ilowever, the inoreses of the
werminal woloeity iz resivicsed by the mir reoisbonce, She seaximm
velne i% oon attein is 320 n/eac. The mality of bhe terget {hums,
rainforcad concrete, stesl, shc.) nlse prosoribes the dopth of
enatraticn.

At the noment of impoct the bomb is subjectcd to very great stress;
thersfors the tip soctions ero correspondingly thicker, The migdle .
section of the borb recocivos loed oBacky dime it has o thickness of only
S %0 6 mi. The small wull thickmess mikes possidle n largor explosive
chnrgo.

se ohonld memtion, however, that genorslly demolition bombs walghing
up %0 500 kg ore £itted with Blayedeoubion fuses. Dowolition bombs
welgning 650, 1,000, or 1,800 kg prodnce thoir demclition effoets often
caly by the gigantic power of thedir vory great charges en ths surfeca of
the lorset; therefore suek barbs (wo olso call them heavwy higheexplozivs
bozibs) ors ususlly ecnipped sith instantanscus {non=delay} fusen., Thecs
bambs ore vsuselly oylindricsl (withoub a point); the wells of the bomb

e o - e F-Q0lR 2ol To-loop thonintuet Wi iRy SEERRS BRETTWEEET, LT

the terminel velocity esn be reduced by s chubs or o breakinmoone,
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i o
pamplng eircunetonces {yvarde, sirocts, Opon @améut;‘oninﬂvﬁie ol
s vory greet degrec the efflcicy of tho heavier“demdmm ofmnbmt o200
imatonco, e Qoo e ’cf E]In}"mlg ?ﬁrﬁéﬁu Thic eon lmock dom
2 LIESeUNe of S0 /I L i ® Al . .
gégrxg:gﬁﬂﬁz i ﬁin‘tancs"ef §00 w, thoe prossurd ‘fns ulieggsbomz redueed
o 0.07 /=2, tut this pressure Fill sbi1l thatter windovse

Soecinlefurposs Borbo

e BYC
hedy verious chorges eud fittings,
Specinl~Irpose bebs, with 'Lhe“ ! g o o

uscd for preducing speeial effecis pnd solving Yoot P

o clapolfy the spocial-purpose tembs on hoe 3591"? gfst‘zg ﬁﬁzgm
proﬁu;ed 41 the courso of their upepations, O on the besl
of taeir chorgdSs

I 4dnig monner ¥ 091 diabinguish the ¢o0llosing typeal

1., incendiory
Jde g8

4o BIOKOC

5. Tocxets

6. bnlloon
7. propazendn

gred o ptandpoing of
se ¥ porhe ove 1ot sigaificont from w0 o 0 °
sﬁe’gzn:‘ﬁ;mtggn, snd wo sholl thersfore nov sreat thes in riaile

poch Dot

Demciition | Dab ﬂeighﬁj 0 |00 | 220
Domba in g

Doy &tameter ‘:gz.
in e

Loob ehpyee 25
in kg 114

PRI

'
'

PRSP

U
[
R e i i v = 2
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Bonb Bate {Conel'd)

Baabh Gloenter | we | 23 S 729
In e & 40

Doulh ohaEgs 20 | 4o 108=
in kg 140

TgE FEIRCT OF DRAGLIPICT B0MBS

To doternine the offect of desolition bombs o vericus meterials
ond haildings, ws sholi classify the fo¢nl offoct iube psric and cxdmino
these soparatoly. The offects of demolition bonba aze 25 {ollows:

1. Tho bhomb ponetraios tho fargset natorisl et the point of Ilapnet
boeause of the Minetdn ememyy stbteined in ita fall. o eoll this offeot
penétration.

2. The impast delivors o grent blow on the targed end, as a result,
the terget vibmatop. This effeet we coll shocks

8s 4ftor impeet the bhomb detonstes and produces dectruction in dhe
imonct exon. 6 call this effoct demolition,

4 The explosiom causts porcussion on mdorials in the srea; this
pereussion oxtends a8 a shock wavo in Solid matordsis such as earth oy
rock, or se air prosiure end suctlon iIn airne

- . B ..t 79 intse v a0
domaged sad eoms gart“ m‘ ‘a:hem bacame ﬁiﬁb'ﬂiﬁo "’his we ea_.l the &abria
affechs

Ge {hen dotomated, the borb esging burste inte 1i%tls plocoes
seubbered o3 guest epsed, Theso biny frsgwnto, o8 vell as the dobris,
oro sestiored with great spoed ond are whet we cull splintors.

?s  Demolition hombs, divectly or indirsatly, can ccuase fives
{incandiszy effoek).

B¢ The gasee formed ot the detosetion of demolition bozdeo can glpo
caued polscning,

T T8 Tho porbs gRofuch indirect ofivotd DY SOlispSing WOkAGiEgs OF by
Sareping rublic nbilitios {wator, gss, olootriclity, commnlesticns).

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9



8]

eclassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

/ -

N 1. Zenetrabicn

. The potontial onergy of %ho bomb is converied to kinehlc onorgy
e by its fall; ond it dolivers o trewendous bloe o the terpels buries
.Anto 4%, and paoses through the 1gs8 sabobuntisl moteriels.

mhe degres of poneteation and pieraing ore woseribed, avong othor
things, by whothor the whole ayes of the torget io oupported, for
instance, oivetched on the ground, or wheller 1% i5 sngported only ok
soco poins, as in tho ozse of tmilding yecfs supported by wolls. Ia
the lasier coso o small part of the kinetie enerpgy exeyts e shock upom
the siructuro, thewoby reducing tho dogrce of pomotrpiion.

P The followming oxperirsental rolstionshipy will soxve Tor coapabing
penebration In¥o waricus solls op cemstructicn smiorials.

bhe A ¥ p vees oC -

T st—ct

&

- where Db i the pemotration in mi A\ 48 he undimensiomed factor
dopendent upem tho shape of the tazb (tho value for op ammorst bord is
1.3; in othor caros, 1l.0); “b is the fector choxscterdzing the enble
penotrotion roaistonce of the subsfenee; P is tho wolight of t+ho bozd
in gy &, the dlemotor of the bumd in mi v, the immet volociby of the
bomb in m/soc; ond ©C is the ongle of the bozb trejectoxy closing in a
vorkical dirochicn. (Sce Figuvoe Za)

In car conputabions we ohell pssume, geacrmlly, a vertical ispact,
o mximp terminal veloolty of v 2 520 I indevendesnt of the bomb

E wodght, end A = 1. Miguro 5 shous 1o Iy, fuetor valios £or wricus - T
) tareat subatoncods

In tho case of o panotrebion into substences coupostd of difforeat
soberinlo used in slternating loyers, we determine tho degroe of the
penodration 1n%o ihe uppemmost layer (Bos Figure 4); snd 4f the valne
of his nppoays larvgor then the thicimese af tho layer, wo roduce, O

' inorense, the part fnlling into the noxt loyor pemetrated by smitiplylng
by tho quotionts of ihe Ik factors of the loyers.

If the sccond loyer is moro rosistend thon tha first, the degpot
of pesietrasion ints 4% dseremsos; if 1t is lszn resistent, 3t inone 8880,

peactraticn into the third layer by ile ciotients of tho resistance
factors of the third ond socond lsyers; snd ws reduge or incPeasg pro-
porticentely; vo toeat 8ddftlomal leyera in 2 aimiloy wommer,

.. If s4i11 morp loyers of vorylog :sierisls follow, wo muliiply the

.

T T T T S A TR SR T & R e
'

)
i
I
i

~ | | 7
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gismificend z\mmim‘i ngmii?n'i‘;glgmmnwm gzeawm 1mgfmtims
and the rencivstlons conpuicd wivil cenetent e L e ntyzod
e iho rosictence capscity of tho targel roderisl .
bc"ig*fwggfagﬂg win o singlo Yy D2olone In n{:naﬁrs}t%gz '_SIite*f:(:i}:“ ihe
stemtisiaation of the soll ond the woletursd conw?t infiuenos ;‘:ﬁi’ g:.g_.
tration doeisivoly; thewefore we tele 50% highor &y, facior waigss ©OF
coils sotuzatod with scepege.

I£ the terget roterinl iz concroie or winforced f:oucre%g;:fifrw&.
at its eiges, or lyiog fiah on the c:munﬁ,_a ozl full.ngio% it
conotrate it3 and if the thickmoce of the :zaymr 2&{‘5.218‘322 Q ?}a; et
iro bob will pleves i, cousing @ jugged holo on 4he snner : s
prek-thyrough resistence of lnyers Ia'{:ﬁ on ‘;x;ﬂ gggwu n*iz gﬁiﬁé&s -

3 g jayors supported caly on » The ¥
ggogsﬁggag:&xgiﬁcb ggfgiﬁ protsetion ag;ai;xs‘r.&a pie:f:c;',.ng; o
boking the amsivy of $he scll iuioe coasidorstion, 1o ot loast 1,35 ¢
1,50 by; vhile fox megpported conceto lfx:,;cre, ums“vva.mgr;i .,;:; iﬁé
ondt for reinforced eoperete layers, 1% 1s 2.0 By }-1%3% b
saso of loyers lsid ea wnesmpoated soily, 1.50 by, sam o veed.

cevorel thin loyezs eye less resisbmi W pi.?ming uf;gw fs 2@&3@1@
Inyer oguwl o the Hotil thiemssaazs.qi' the thin ﬁ*mich’ f-a Eg-'“mz-
astrevenes in not sipnificont. addisionnl luyses W fa:, sort
swevt {for Instenco, ceilings botwoen fleera)uaxe‘:,m:i ?3-1; ;ﬂ& -
heosuse thass divert the bamb frem the diregbicn of i%s 2all, mndy
a rasuli, refuce the dogren of furiher penatTebitd.

Toin 2 s 14 plerces

s layors sxoTh 2 hreking influenct upon 4he boob &s

. Ehem, ‘miﬁi?zm moens & rodnehion of tye hivetic energy, ond, thereby
of the tapainal yeloeity of the buh. .

LOuE 5 . C¥3 chors the degrss of onorsy lcss&in whe rniﬁim
of thihzcagwéﬁzmigsﬁ snd of the ems—nea&im:& gres of the bowdb, T
glven in e, Tn this rormils the sonpbant of i‘: for & ;@in«ammeg o Tayos
aoncrabe lover is 10 to 13 0 per /ey @ 19 the thicknes 1
in on; ond By, the ensrgy loss in ofki.

: 3 from the energy COTTS-
o apnergms loes Hhws derived 1o wbtmct;eu b e
m&%@ o agéemiaal woloeity of 520 r/sse, giving op enerEy of:

G = v e Ce
Z.-q'?g‘ﬁﬁ ot
’ a

' Tho rodnesd voloolty i8 ¥ = \]3303 - 26 SR8,
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fhe valuc of tho wmergy 1psa corpubad in thip woy 19 cxtrosely
inozack, bocause the basb folls, due o its dofloction by the tndividual
layors, ulth o greates aroseesoebion o tho laysyd yelon. Tho reduction
of tomainal voloeilios conwpuied on the yenis of norml soiling thick~
nesgog nd bash woights io nob pianificont. The 520 p/uec terminsl:
celosity of o 1,000 kg boul 10 rofuetd oaly to 907 r/spe by ite pioreing
a 15 em reiaforcod conerete loyaie

Se  ShOGK
LA NS4 ]

It is primeyily thig effoes whick must bo atudicd 4n tho designing
o2 hombesbolier roois. For hoab choltews, the doterninotion of the
w1l tnicknossss reolsiont $o the various bomd woichbs, end the use of
+he lmowm covering aystais 1o made Y dopigning the oof 0 resist
pemobretie and detonstion. Theso poeudls ore indopendont of Hhe 5P
o tho sholyor woufs, and the woll sad gzen enthliched in tbis vey oro
gopendout Wiy UpsS sho molent of the howd end the roofing oubsbancos

Shock caamot be pindded in cuch 8 gonaral 1annoR, bheeauss tho
derroe of chool is o Tunebion of Bhe warious spsn recfd; waich weries
in gach chelisy rools gnd the wull ené spon entsblizhed in this woy are
dependent only upm the woleghd of tho booy i the roofing substanie,

aheek connot bo studied in such o goheral DRRNSR, pecause the degres
of shoek 1¢ a funaticn of 4he worious sren ¥O0FS, ghich wories in coch
aheltep poof, and vheroiro gt vo dojermined T cagh shalter yoof
ipaividuaily. The ol aiv-roid instructlions gove & forsuls by Damen
2or the pianning of tho losidnotion of zholtoys govorod with Goubly-
pupported layerse This Tormmle gove the pending vonent which a bosh of
given weight and sormsingl welocity seusad in a sheller roof upon irpocts
In this formils, mewbonth of the wnotic ensrgy of thp bodb wog sorinidsrad -
squal to o ehange~of-ohnnd avrart in tho rool added by tho oficed of
sne boohj and the tension condition resuibing fpaz thin wac comsidored
pqual to the fipst plow of the shoek, ¥his phenenenen sccurred 23
eoilexs: &% the womont ¢f impochk the bab 1ooes walpoity tud the
xinebic onewgy 18 cenyerked to loend dostruction, hedd production,
gdoformation of the buadb, and the intvoducbion of shoek upen the oof.
The shogk siarts whon ghe bondh and tho roof wve with & desreasing
gelneity She vomnlning cnorgy 1o nob ahaorbod because pf the clastioldy
o ing rouf sheye oliedoiion and is Syopnoforcd inko nhent through the
aissipating vibrahiond. The wholo roof dees 0% take et du thim
wobicn, hOIUSO ibo edges ape pupperied by jrmchils outter walls, and,
oo o yesult. i3 arpnot he copsidered & £raoly sontribubing bodTe Thic
fagh poserts 1:s0lf bueouse wo take invo consideration nob Uhe shele

Trithaa, o a2t

e 7
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mss of the oholtor xoof (¢), but only tho wolue of ¢, reluced by the
| so=eallod Sox Thoorys

a b

e

whoroin 2o ond 2b arc the longih of tho oides of tho yoof, £ is the
bentdng of tho zoof oenter, w (= y) oquals tho xosilient arca of the
roof for the force oporabive on tho »oof conter, sed /% ig the wolght of
a »oof of wnifora arves. The caubey of the ccordincte oysten is tho
center of the roof. If wo ubilize this formla for the interrelotione
ohips of $uo yoof oloments, in practice wo obbaln the Lollowing reould
oot often for a conpletoly £ixed four-sidod sheob:

s Oy

‘?a%‘sm

GY = 00138 &

=
and Por 8 Getnchod olzgular shoed:
o' =020 i

RBoth resulis mefor to sn inpset on the centor of the eren.

fhe comhined vologidy, u, of the mosses Of the basb ond tho »oof is
dupivod fram the formula below, presupposing nonrosilient impaet, giving
the equuitiies of the Ikinckic forges before and aftor imgned:

KB
£Z
Q4P

whorelin ¥ is tho bad weighd anéd v tho impoct voelocitye. Thaf scosion of
the kinebic wnergy of tho boxb which oxerto ohock uptn the yoof produces
i a doubde effect, in that 44 displeces o mass of the sholber roof frn
: 1%s reailicut position ond 1% overeamcs its olostic resistonce, This
force {Q'+ P} couses tho olestic altorntiois in the roof shepe. be nobe
thet the kinetic cnergy of the EYFP oo io equal 4o tho force of the
eltoration of the shape oxerded of £he roof ng o ecnsemense of the. .. . ool
tavic 1oad of he foves of 2, supposed cporabive at i point of ingadi.
Font is:

2ge

e T I SR

S | e
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& 3 i 1 offort hocomon tho shapssiio
Theo w gociion of the toun b
et is %‘m rodusad woight, the reof shoed cousos 4 bonding of

v

i€ e may noglech $he trifiing weld % of the bomd, ¥, in comperistm
4o &Y, thon:

. - '
O 4 n o Gt e o AR I
& V2 ]7‘?

i % el mic Pachor, which ezpressen how mony
?ﬁiﬁ;@;&?agﬁﬁiamw eomsi:lmc‘l 80 i;%mt its erfoek ?J:!.]:I.
ve equivnlcnt to the vilect of the dynamle lcaﬁ._ ‘i‘aazzafcrs w0 Dm? Hhe
roof on tho effeud of the eoncenirgbed fovse ef‘ :\1' rwitiplied by the
dyneatic faetor drived from the shove foorala. Ve prcsmﬁs} tz:m; bnc; .
imyech or foree i dirocted on tho ioast fovornblo poing, the cenler O
tho phcet.

In the copp of o doubly-~suppoTied Lyard v = o'xjafsS'?/‘n] , vhorein

A is the weigat of the longiiudinal unite of the fra®, ond l is the
npun oFf the Lrous.

= {0t + 7} 38
4B 5 1

by substitution, wo ot

v x| 48 ye . L
e e TR )

i5 ¢ eqmels 10, tho girder oudt be plonned for ke follouing oresSsurac!

2 633
e ¥ (QAD) =4 L x. Pre) ===
® 3 . 1/10 L

3 o

B I T N A TR e g e
Tho 013 aiz-Gofonse sustructions roferrsd 56 VIS WIstimiuniyan

- T e aedsddeaTy uBs Y A & L inthe o
ne no-ealilod "Pazent Forsmls,® THe arbitra¥y wsO 01U 2 BLE
?:‘jmgla is ogen o criticism, ainco it canhioh be justified oither by

-1~
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eapirical fects or theoretienl considerctions. In reality, the valus
of ¢ is far greaster then 10, a fact avident from the following.

Computing on the basio of tha iden stnted, we gonerally rocoive
very large forees, It is evidens from the formule thzt i will i{ncrense
rapldly by reducing the opan ¢r by ineressing the frome rieidity, and it
follows from this, in contrsst to tho orineiples of stodic planning,
that o shoet nde moye rigid a5 a rosult of @ grester & I, due %o the
greater roquirements, is lens fevorsblo then s sheet of lemser rigidity
{thicknoss) duo $0 » wnller X I. This eonflicts with tho ususl
prineiples of statie planning, and $o it will seom & conbrodictlone It
becoren espeelally atriking if we suppose an infinitely rigid roof sheet,
bacauss, sccearding to the formmie, infinitely gront pressures resuls,
Yhere is no elastie change of roof shape; it zimply tronmits the chock,
the energy ¢f which is shooched by the rsslliont ground rmss beneath
the sholter. I% 45 ulso possible that at this iime the total cnergy io
tonverted to destrustion &t the point of impoet. Therofore we soo that
in coses vhere tho roof is unsble o abmord the olastic change of shayps,
our ldeas need amplificntion. This ampiification will elininate tho
uneertsinty coused by the arbiltrery ¢ constant, 74 willi show thot how
tmch the peof is able 40 sbsord in the form of a vesilient change of
shape depends on the impact of the bomb, the rigidity of tho roof, snd
the durstion of the iupoct.

In tho introduction of the dynsede factor we promums thet the
sheltor at the noment o? iapact will rescs os on unsupported free body,
because the elustieity of the root supported ot the sdges io presens
only after the motion bagins, and thus the u valaelty, as the initial
veloelty of the shock, osn abserd it. This idea iz volid only if tho
evalic interval of the impuet is much enwller thon the nurbsy of auboe
vibrations in the raef, since othezwise tho roof will 83111 yibrato
bensuth the interwal of the impaot end will not be sble to take on
the total smergy of 1%, or sil) degonsrate it into 2 simple stetic leed
in the cose of o vory elow impact. The so~called o< s+ "3he dopree of
epldity,” sorves %o charectorize this vhonezonone Thie is the
rolationship of the number of vibrotions por minute of the progreseion
of & belf sine wave sek up by the impoct snd ths number of subovibrations
ror winube of the sheliter roofe. If we 8xpress the cynamic factor ¥ in
the "Qegroe of ropidity" fumetion  , =e got, in the cass of o > B,
a2 value of v & 3/ o , which is idensical with the v/ gd¢ walues

w--Gedueed-presiouslys lozever, in & teve TRCYE TG EFRaNTE T oS
ineregses- rapldly, ond whem o< & U, that i9, vhen the mnse of the impact
i9 very long, und in thip w3y ihe dynouie losd plainly dogoenerates indo
a statie load (o0 5 | ), then we rocoivo a large infinite dmemie factor
fommle. needs doprovenont 10 $he & w Uy O = 3 Seobicn, #o have put
domn the finnl rosults of this in Filpurs 6 without bothering with the
mathemstical discunsion.

w 18 -
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The Flzure chows that in the case of o€ = 0, v = 1, thet i3, it
shows the degeneration of the cynamic loed into the static loads beaides
which, 1% showe that the dynomic fuctoxr st of = 0.8 atinines the
grootost value of v = 1.7 Thio mesno that the roof, duo to tha elostic
obange of shape, in tho least fovorable casc is sble to aobaork only @
sunll pers, prescyibed by the v = 1.7 volue, of the enorgy of the bozh.
The remninder of the emorgy is used in the impect destruction and the
displacenent of tho roof unss from 145 state of yoposo. IT we divids
the totel kinetle energy of the bozh into the purss ceusing the point
dostruction snd the introduetion of shock onto the shelter yoof, wa
ace that subntontially more omergy ie turned to the point destruction
shan when ¢ oguals 10. . But more driscs if we omsider the impact &
tho bomb a3 the collisien of o none-resiliend bedy on the shelter roof,
and wo compube the ramaining energy on the basis of this, since the
theory of the impact of non~-yesilicnt bodies prosupposes Cree bodless
ond this, sccording to the above, ls justifiable only in the case of
very fash blow. However, in ouch a case the cembined kinotie duration
of the Toducet mess of the pacd, UY, and the poight of the bomb ia
short, and o< is lerge; thuas v Z. 1, thet is, tho dynemic effset is
less thon the stetic effect, os lo the statio effoat standord.

Po demonstrate this, on ths basis of the impise theory, vwe wmay
mub domm that

WPy
% (e 4+ p)ge

end, since the impnet imkes place according to & half sine weve, we Iy
put domn fron Wie sbove foromls bthat

AT
2

t‘ - 98Ce

..
~ g

The degree of repididvy is:

s

o =L whereny z §0
By 2t* per uinute

and ng is the nuabor of sutovibrabions of the roof por minute.

If o is lerge, it follows thet 4 Guration is short, ong:thus

u and the impact ¥elocity ¥ PYopOrbiChave o hu 4io I TR R e
the stetic effect of the load is lorger than the dynomic offect; end

as a pesult, the enorgy remeining in the smpact of nonrscilient bodles

and tammed o the introduction of chock onto the shelter roof mill be |
quito negligible.

-3,3-
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Since for o loosor degree Of rppidity the sholter roof cammot be
vegnrdod as 5 Treo bodys the theory of the colliston of aonyosilient
i bofiles upoa impact savmet be used, end 80, more enerey 1s tusned to the
point destruction thon might bs suppoped on the basie of i3 theoxys

®ith regard to the foob thot the nuzber of vibrations necossery for
Sumputeting v can sanresly be yrescribed in on gheoluts manner, WC QoINS
tha$% we are olmnys Zaaling with the lessh favoreble caso, Thot i 1e7e
Thevcfors the esmumpticn of the soximm dypamic factor is sleo justiried,
gince we sre combing on an imgses on-the roof oonter and duo o
a3 fficulties in computation, we eonnos treat op impsct on gnother poind,

Since &' is in propordiom o the aves of the chelter reof, the
pending computed from Z 18 spaller; the spon of the Toul is smaller thonm
the stebic loud, as woll. If we alorepord the weight of the pomb,
¢ w le7Gt, Tor which fores the sholter roof mat be planned es tho static
load opezetive ot tho conter of tho xouis

Thus the zoofa of homb-proof ehelters st be plenned for groater
rigidity than this, which 1ssno thet, cince the degroee of penotretica
and the detonation effect preseribe the thisimess, the spons of the roofs
mst be reduced by inberior walle 8¢ thet poof sccblons of smaller Spans
con Bo hade In this case, b wsunl peinforeing will nlso be sufficient -
for the Gynozic TooloT.

Je _ Explosive Bffech

|
I
3 The explosivo chorge of demolition bonde consists of B 2 maerials, :
‘1 whieh are converted into 8 gogecus otate under grest prencurc end nith .
| gyoot production of heat within & vory short vime afbor the czplosion.
. i Irmonso opergy is fxeed eb the time of detopaticn, ond the volums of §
. | _gases gonerated by the axplosion is 600 to 1,000 bimes tho yoilme of the i
i
t
|
I

origivel solid. Tenparaiures genozated by the oxplosion sro sbove 600 G

PRI

The ground aree on whieh the bomb completoly annihilates mbior as o
pesult of she explosion, is s sphore aosoribed with o redius of » fron
the gentor of the oxplosiong we enll 7 tho radius of 4emoliticne Hhe

: radias of demolition depends updm the solidity of the torget subsicnes

i ond the eizo of ihe explogive chnvgs, It may be coppnted from the

- foliowing teated formist

Gl AL RE TS

. R RS S T TR
| o= ¥ VO

i
|
|
l

R S [N SRR |
H
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: wherein k., oguels the faoctor which oxpresses resistanes of the terged
i subotance o the cxplosion, ond ¢ io the wolght In kg of the oxplosive

! chorge of the Lombe The comber of the explosiam in the conier of pravity
: of the charge. The radiuc of dennlidion ruat bo mosswod sterding with

; ihio centor of BVity 65 6 voavor of the uphers, {See Piguve 7.) '
se obtoin tho value of rp in nmeters from the fowzmlo. |

For Soiid turped mavhor which 3z covered By o layex of so0il at
ieast grooter then the dimmeter of the bomb, instend of the C chargd, 2
smaller achive charse Cgp. musb ba tokon when computing the rediug of
genolition of the bomb. The Toascn for this is that; becouse of the
1ack of tomping, only one part of the hemb dioplays an scbive affccts
; The moight of Tho acbive shurse is compated zron the following dested
! forzulas:

Gy & 24°264 V5 @arge (@ - 0%02)°

|
! ghevein @ io the dlamoter of the bod in meters. wbe Tomatls expresses
i tho setive welight io tons.

|

i Toon tno folloming formils we ray compubs the messured Op. dlstence
! from the tip to the contor of grevity of the boulb chnrgde

o = {g*8 -+ 0*85 7Y 1o 01’28?&87 d
Thig fommla oxpresses the sctive distance of Cgie iun wleTrs.

The £acker Egnppngg Which appears in the forsula is the resistance
factor of the masy o pie cxplosion. This factoyr is not the same as the -
¥, Semolition factore
~ - If tho boab xpicdes efter penctrating the surface of the ground,
the to¥al G chorgs must be tnlen. IP wo wish to dotormine ¥he rafdiut of
demolition into layers consisting of different redariels one on top the
othor, Shen we yrogoced 08 in the slmilar sase of compubing tha poned
' sradicn: Thab is, we otmpute the radiue of demnlisson for the uppermesd

leyer and malbiply the sectlon which falls into tho layer honeath by tho
quotient of the demolition festors of tho socond and fivsh layors. ¥e
Swoesses this be the produat. dopending upon whether the

R

Tho nooOnd IAYET 15 mOTey OF 1050, CURLefRNE GHRR w REEEEETTTETTTTT T

e i FI¥ WY

Z =0 TE e s 3
mibuterce of

%o tors ke totel of the effocis coused by penstration and sxplosica-
‘ - tme soisl oomoMsicn depthc To derdve idhis wo sunrlsd $he pene
: dopth by the Toaivs of demolition, tnd fiom this = subtroct the
i from the tip of ihe bosd $0 vho centor of gravity of the charge, which
! distance 17 2 & in the cese of a detonstion taking place in tho gonmie

-15 -
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vie pay dotozuins WS roding of demolition in the oir os in %k
ground, if the borh hos an instonioneous detmeaticn, méeretanding ot
singlo-otory bhousts, qogetation, olCes 879 dosbeoyed within thic rediuvs,
due o tho emnenasion of the eims Thio woluo 48 spgroxiumtoly

rgo %

Tenotrotion oad explosion of the bexbd in vorlous soils groducen &
erator, The dopbh of the crater is loas then ths botal aomolition depth
since & part of the &ivd @ill fell bock into the cator. Thup he dird
$hrotm cud W S poub with & 4elsved asction fuse forming B ereter upta
oxplosion 18 about 8s TBIY cublc motors 58 Hhore oI Kilogeenms in the
bordb chovpcse If the uazh sxpledes oo tho surface of the groumd with an
insionianeous ecxplosion, e amcunt of the dizy theom out is only sboud
anowclignth o ongwguaster the yueber of cublis mators a3 the wolght of
the boob in kilogesZSe

4, Alp PrOSSure, wnebion osnd Conmaasion

GO0 O e

Upon the detonation of the charge, Uhe oRcmIous pressurs generatod
yy the fermation of gop extonds the steel eanipg of the boumb to ehout
1.0 timea ito originel (iswster, and then bursts it into rognends aod
splinters. afbew aiointopration of ke ensing vhe gasce spread cut ab
o spood OF 2,000 %0 2,200 m/sec, oxorting o sropendons blow on e
surrounding alrs ripstly, the sir 1o compronsed by tho ezpansion of
gnsen} 590anddy, e air sterte to vibrato £rom ke effect of the bloa,
osnd thie blew is furthor szscnded slong 8 sphorical sawrfact in the form
of s ropidiy-subeiding shock BCY¥Se IR0 spoed ond jntonsity of this
shogk nave sre grogter then he sound wove;j gnd, in conbrosd to tho
sound wove, iLo eonpreasion and pavigication phates aiffor conaidorebly
fpon one anothor. The intepsity =nd spoed of thoe ©hodk vHTe rediace &5

1% roves awsy Ifyon 148 gourco, ond st greatey diatoncss it chenges $o0 e
pound WBYG.

Thas the shock wEVe propugatsd in B2 atr 3 nothing 1bes then tho
pervicdic coapression and ravificatico. of the air which yoeulis wheo the
nir is compressed by the blow fxod tha gones produced in the esplosion
{sir precaurs), end then reburas or thine oub e it oprizinsl ststo as a
ragult of its slosticidy {emcticn}. The propagation of %he shock tskes
placs withoud 8 ourrent of aix, because the nir moves only within o
naif-wove lengih Labuetn Ehe ElF Droseme and the suckicme The dmration
of the air shock wsve ie 3300 of 8 reconds ’ T

.. . Troa the gbandpoind of atructure planning, thio sir pressuxs genevated
by $he boxd doTonotion osnnot be sospared ¢0 the yrossure of tho Find,s

- 15 -
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: ainge the oir pressure from the bomd blest is of & vory short durstion

. and this tine ic usunlly insufficiont %o czorh o oipnificant mobive Lorcc.

! Stroins grocter then Cracturo $enalona can bo oxersed op building
stractures for & sport dio, ond vecsuss dhoir gurastion is short, thero
49 snsnificient tims Yo frucbure the structure. Thorefore duuags docs
not resuld. )

The intensity of the oir prossure ic much groplor Wsn The InLSmeLYy
of 4he cuction offeck, though $ho Qurobion of the suction 1 4 to © tives
the duraticn of the HOSRTC.

Therefors, iR aciies. wost ofpon the sucticn offect csuscs the
collepsse of she bhuilding, chiefly in thoso cuson There sollopss does nob
tako ploce as o rosuls of domsge o $ho structure meterisie, b rothor
a5 the resuls of pulling oway pord of the strueture, The npasurod
Goumie blow on the olr suss cotobliched ut the limis of tho radivm of
dosoiition has o volue of choud 13 %e 15 §/m°. 4t distancon greater
thon this, for an oxplosivo chorge gresier then 2 %, wo can computo alir
pressure volues from the following Pormla:

P2t
=

shere we, sk subatitupe the woight of the explosive charge g in kilommons
sné tho diatoncs T in mdters, wo got the prossure p in ke/o™e For
aotominstion of iho sir prescuve the formle velow iz useds

z
D = 250000 ¢ °

where the dimensicns sre identicel %o the proceding tormlato dimensicas;
tub the valus of p 46 given in le/vf. *

The oxplosion of o bhorb which bas penetrated tho gromd disfers in
efPoet Lrom on oxplosicn which opours in the open becmuge %he foreo of
. tho ezpiosion is griniset In the dizogiion of teash repistonco, ThorDe

fore 1% 1z effoctlve ugwords tovarde the surroee of 3 gwownd. I .
) addition, the ground also sboorhs the prossurs of the posss gonersled in T
; $he oxplosion. Thoe rwessure is propagated in tho form of dompad N
— vibration similer fo $00 oir prossure spreading in the sir, In dry
£ - - soam? ené in lowos send, She wivrebticn is quickly dissipated, nhile
40114 rocly soils wnd goopope arcts conduct tho ghoek wolle

9
e fored of the shook in the ground, mestured in kg/es, 16
conputed £xon tue following formila:

- 17 -
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p 775 (x\> 008
i

i whers we give the point oxomined by tho x coodinate, which we measure
atarting from poirt O of the 1.5 radius of demolition, and progressing

\ %o the center of the explosion. The x and r dimensions in thie formmla

! ars idonbical, Values Aotermined with the formule are valid only towards

I‘ this Qistance, thet is, up o 075 1 (see Figure 9). From ins formmle

we derive the shock force of 10 t/x° ot She limit of tho radius of
demolition. The bullteup condition or the ground configuration of the
aurrounding area influsnce significantly the air pressure end suctlon

2! effoct. Thus it often happons thabt pressuro o suction is greater et
. ‘ digtant points then near the explosions -The besi mothod of protection i
! ageinst air pressure, if wo insure the frec circulaticn of air--and with |
: this ond in view, 1f we supply the corridor rooms with ventilator
' .. .onenings %o avoid dnmping the air~eis by turning the corridors and
. paiding extensiona (air pockets) o recslv® tho compresasd sir TRssc8,

The air suction phenomsnon is also present at fires extonding over a
larger srea because the replacement of air which has becoms rarified nesr
the ecenter of the firs is accomplished by & high~velocity influx of alr
from the surrounding ares.

! 6, Debris Effect

45 a conseguence of tho explosive effect of tho bomd, those build- ‘ =
ings, public works, industrisl installstions, etc., which are in the '
vieinity of the impzct area are partislly or wholly destroyed, ond the |

: materials of which they are pade beecns debris. creetor dcstructicn end '
! debris generally oscur in a building when the bomb explodes ingide the l
f structure, In this way the interior ares of the building serves ‘o dswp
: +he boxb, Bombs exploding outside buildings cause destruction by air
suctiaon or Pressure propegated in the aix, or & shook wave in the ground.
Building demages aro rmch 1less in steel or reinforced gonocrete buildings
then in briock structures, sincs the wells of the reinforced structure
] serve to limlt the erea end act as peat insulators; also, the destruction
of thoss walls does not oause +he gollanse of the building. Sombs £2lling
onto buildings of several stories usually explode in the aiddle stories. = e
1y ravely do they £211 as for as the shelter. Therofora the collapse
of & building by en vzplosion does pot mesn the ceving=~in of he shelbes
if its roof con SuppoEt LS meight of the dsbriss WS ghell desl more g
fully with this in the chapters referriag +0 the shelters, ) .

./ -
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8, _Splintorins ond Fragrontabion Lf{octs

i

: Whoze the bomb is dotonsisd, tha shabtored casing flies spart in

i tho form of fvagucnts ond splintorn travelling ot grast voloelty, A= s
o pesult of the timod dotcnation, demolition boubs explode after renofrabing
ol the torgot, end in this vay the berges sbsorbs s pord of tho fpsgrontalion.

| Te eall the swmeller pleces of the bomb cusing splintorn, and the largey

! pioces fragwmie. In general, frageontetion borbs disintegrats inlo

i splinters, end demolificn bombs into frogrents. Tho fregrzntatice bomb

: alsintepraids into 2,000 to 6,000 splinters, whilo the demolition buxb
forms 1,000 o 2,000 Lragnento. The voloeity of the oplinters and
frogrentn 18 in proportion to the wolght of the borbe AT the odge of o
152 cirele mensured {ron the point of detonation, he volselty of
frogments ronches BOD to 1,000 m/sec, wad Thsy con cruse mopicus injurics
Wecouse of thoeir siriking forco.

Splinter befonso

The depros of peneiretion of o fragrent doponds on its shopo sud
woight; o3 well os its volcolby. 10tls ghich offord pro$eciion Lfras
spilnters ond Cragrents ore listed bolow aecopding o Phickmess end
meterials:

1. Colked comeycte wells, 55 %o 45 on thick, with o cement content
of at leaet 200 lp/rd;

2, reinforeed somerete, 26 to 55 em thick, with e coment ocontent of
at least 270 kg/n;

3, prelabricaed high quality veinforged conerote units £itted =ith
resiculsr roinforcing, 10 to 15 cn thick, with o cemand content of at
, lesst 500 kz/a, compscted with o vibrotor;

4, boiok walls, 51 ¢m thick;

Be st20l} cheod, 4 on thick.
| fovoral obeel shoets lsid ome on %op of the other withont air speccs
| ) are bedisr ¥non o single shoots

The apmoring of roinforeed scnevete oplinber-protvestod structuret
! rust te sed in place on the side which will he struck by fragonts,
! #:ile volle which Alvide rooms must be fitted oo both aidei, opd the

. P O e P Ay S o " SR . T Sy PR R R SEY XY T % . P PR ———y
‘ £itbings Hiod ugsiisr wilth Seshoped AWrElS SRTAGES dn the et - - -
A

) «-1% -
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Tho axmox of oplinter proveetive walls is o squarsd reticulay
amor mds of J 6 or (J 8 reinforecd comerote with o S~em mesh.

If necossary, materigls of the following thicknosnes will sorve oe
splintox nrotoetion: -

1, (.'113"5) 120 e

2 ocang, gravel, 100 em

3« 8ol wood, 80-300 en

&. hord woeod, T0=90 ¢z

. brick woll, ctaclked dry, 50-75 co
8, adobe wells, 75 e

Splintor-protective walin mmst be built in front of the arevgoney
oxite of & eholiey if the owrrounGinge peralt {for instance, ¥ the
. sheltor doss nod opom oa tho sizest). The oplintsr wolls chould bo of
. isosh 8 en, 8md st most I ooter Trom the oubor suxfuce of the mnll.
The splinter well should covor tho opening in such s woy that the fores
of splinters from eny poselibloc directicn will Lo arresicd. The nwo-
tsotive woll should ¥s 50 e higher than iwe exita

tn wngled pir vent must Yo insialled through windons which havo
been bricked in for splinter protcciion, &ud thiz vend smch be seenred
with 8 gns-presf (@) doviee. The dimsnstions of the vent ars ¥ by 14 on,

In conedrueting splinter~proof ahelters provisions mist be mée so

that alr prossure and cuction will nob cauce dumags. Struehurss aesontod
later will glve wory or collapss at a slight suctica 6PT00%.

Industrial Splinter jefennc

The penelbive wachinery of indusSrial plante, bollers gonerstora,
control boapds; trunsforuers ond 81l such mechinery, the loss of shich
Fould parsiyze production, all thess must be protosted agsinst bosd opline
Yerd. & geod splinter defense reduses significontly the destruction
effect of un air mid, bocuuce, in ths ovent of o mors distant lometb 1%
provents dumage Yo the michines snd so, 0 = large oxiest, reduess the
oize of $he Iwpact aTBs whish w113 dudsnger the oporeting aanditicn of
the wachines,

Protection of the muehings is & much simpler tosk then the protocticn
of 1iZe, since they ore insensitive Yo rressure, emoke; snd ges,

-20 =
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! The bost nolublon to the problem of providing splinter protoction
to the sopeitive muchimery snd plsnd componeats is vhen the walls of
tho pleng are so coastrueted en do givo tho noccssary protecticn, elngo
snowra 18 then no necossity for Luilding walle later shich will then
cbosruot oposmiions becsuse of their positicnings.

Sines tho doliests power-genexniing rnchings are normelly locatod
in o sopazate tuilding, splintor defenso con be cosily assurced by the
connbruction of extorior wolis which extend to the height of the moehines,
or by weiling up windows 4o the height of the mschines, In such buildings
l only tho most nseopenry mumber of dsurs ond low-ses windoes should ho
permitted.

Delicase meehinery or squimeent which is in s large working cxca
mst also be protocted egsinst en iwmpast on the huillding, since In thia
esoe only ong pavt of fhe uilding would be dmelished, and the repninday
vould by subjost only Uo sylimtors-snd dshrin. Inbavior splinter-prool
S wolls pdve protection ngainst & dlast inside the buildins. The vlnesmond
of those in congenwed workehops ie 8 diffleuli problen, end is poucible
only ot the price of congessions mads in productlon requiremdnts.

Splintereprood wolls stemding in vhe opén, if they sy Of Inpge
dimansicns, eon be Loppled by sir pressurg, or they cam b shottered by
nearby oxplosicpo and their pleces soottersd witk o kigh Folaoity.
Therefore we nse well-dracsd aplinter wslls, AT pozeible made of
roinforecd concrotn. (See Figurss 10, 13, 18.)

Trom o production sbondpeint, the bost solution for congested work-
shops iy in the Porm of prefobwicated einforced concrsio walls, wovehle
©y crenes, ghich ard set into plece only when Sho opder for air raid
preporotions ie sommded, and which cen be reooved guickly in nectacary,
o ollcw weching oxchanges, £or ezenplo.

& surrounding splinter protoctive well ehould bo &% lsast o5 bigh
s 5 object teing profected. Those walls should not ve mall sections
mavendeat of each othes, bat rsther sheuld be systens of walls uils
wymdlar and comnocksd 30 coch other at vigkt snglen. Such s splinter

1 srould be as eloso as possible fo ihe protected ohjeck. (See
Mz 10 and bl

ssplyive squipsent standing in the open, such o gubfoor ranse

o, Fibehing orcas, and fuel tonks, st bava splinter-proct walls

T sl Shede Theso $O0LLs chould GomplotCly surround gensitive T
, auub ax sldingn. Cylizdricnilye.chaped tanks mast bo surrounded

1ed #oila which follow thoiw chapss. Ovoups of anall tanks,

vt bl BeB ooy Mol eemeeeds mleaadd A hem ereveracien Lo Law s - R
Ty CUE WO oTGEASGHTY CREITRRS Y SR G T nise e vy o <

- 81 -
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The best soludion o the problem of providing splinfer protsciion
$o the soneitive muchinery snd pland somponents io whon the wnlle of
$he plant are so constyueted eg do give tho nogostery protecticn, sigco
thore 18 then ho nocesoity Tor building walls latoer which will thon
obotruot opommbions beesuss of their positiocnings.

Since the dolieuts powor-genornting ruchines are noimolly locatod
in o soparato tuilding, splister defonce con bo enoily aosurod by tho
conabzuction of extericr salls which extend to the height of the mechines,
, or by wailing up windows to the height of the mochines, In such buildings
| only tho most negeosary nunber of doors ond low-set windows ohould bo
! permitted.

Telicate soeninery or equiment which is in o lavge working crea
msh aloo be protostod egsiust sn impsct on the buildivg, alneo In This
oo only ong part of the tuilding would bo domoliskhed, and the reonindory
would be subjeet cnly to splintors ond debris. Intarior splintevreprool
#ells give protection ngainst e Wiast inside the huilding. Yhe placemont
of those i congTTTed Torkehops 18 A dlffiouii-problen, and is poweiblo _ S
only ot the price of congessions wade in produeticp reguirednis.

Splintereprood wells standing in the omen, If they gwe of Inpaps

! dimensicns, oon be toppled by sir pressups, or they ocun b shottered by
i neazby cxplosions apd their ploces geattersd with e kigh qolocity.
Aherefore wo use well~dbraced aplinter wells, if possiblc mmde of
veinforecd conoroit. (Soe Figurss 10, 11, 18.)

Pram o production shondpoint, the bost solution for congested work-~
! shops iw im %ho form of profebwicated reinforcsd concreld walls, wowshlo
by crmnes, which aro set into plece only when tho order for aiy raid
preporations is soundsd, nud hich cep be xeooved guickly in 1pSCRUCADY,
%o allew machine exchanges, 0T 9zerplc.

A survowundiug splinter protecbive well should bo ob lesst 25 bigh
5 the objoect being projeciod. These pulls should nod be wall scctions
indopondent of each other, Lut rather should be pyssens oFf wolls buils
together and cwnnocted $0 each sthexr ab ghi anglen. Sugh o splinter
sall should be as closo as possibls to the proteched objoct. {See
Figuros 18 ond 4.}

|

1 Sepeditive oquipsent standing in the open, such as gubGoor Tronse

i - - - fermers, awilching sross, apd fuel tonke, must tave splinder-proof walls ;
tullt eround—Hrm=. The3s wulls should coinletely rurkound sonsitive - - _ .
azeas, such sa afdings. Cylindricnlly-chaped tanks mast bo garsounded

by srehed wolls which follow thoiw chapes. Gvoups of amll tonks,
sremsforoers, o other deligate cguipstnt should bo surrousded by a

- Bl -
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caomon orched vall. To ossuve stability ogsinst air ond wind proscw o,
theoss wells should uot o of lang, stralghi sections bud should bo a
broken or curved line. (oo Flgure 15.)

The pressure of the uind musd 2lno be consideresd in splinter walls of
lsres ddmensions, IT thoy will still sotiafy this requizesent, thedy -
thicknesses mny be reduced from the preseridod 61 am o 58 ez, oincs we
sbell ve sublaficd with o lossar degroe of secuvity in order Yo save
material,

Industrial pipe lines lald in tho opon sxe expesed 0 gread splintor
demope, ond therafore the sancliZive linos must be Izid sSparately under-
gromd, or £itted with 5 scasing which will aflford aplinter protection.

Splinter proteciion refere to tho dolenso agninst boh ths picces of
doble origionting in o oxplosion, and the fregnants of dofensive cholls
roturning to carthe The scatiering of cebhris 1o connidorshle within 50
0 70 ;m, but simetinmos plsces welching soveral hmndred Wlogroms will

—-gesels 4 Tay o5 80 S0 100 B Builddnps contolning senpivive wwohinery
and equinmnt must ve protecisd from this offcot.

In am plonts the shopa housing these machines med e Ioseaded
cntside tho limdis of pesaible demsps. The moofs of the shops shonld be
of monolithic reinforced conerete, at lssst 10 cm thick, zupplicd on 3he
urder side vith ¢ /8 dlamster yeticuler sheeting of G-om moshe In
vorhokoys having o laorge opan, sonsitivo muchirery must be protocied
with hoods made of cheet iron, or in tho csse of en alvendy oxisbing
Iight hoold, the seetion whick 1s above the mmohine 40 bo prosected must
be mde oplintor proos LY @ sheot iron or roinforesd conercto $loor,

Incondiazy Bffect

The incandiary offect of & domolition bomb cen be dircet or indirect,
The direet effect tokes place whon a hig-tompersturs ozplosion oscurs
noer ceully-inflanpueble solid or liquid mteriale, The burning frepmento
sireun about also cause fivss. The effeot is indiregt ghon coxbustion
tzkesa placo from the shortd oivewlting of poger linos dmsmpsd by the
explosion, from the rupturs of gas iizes, fvon domesos 30 fumnscos; ohc.

Toxic Iffoct
Thae nikrous gasse and oarbon monoxids freed in an explosion esn
_.cause poloonipg dn living oresimron. The oonoeantrekicn of $hose Inen ol

i
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explosicn shich ocgurd in the open is nover dnngorous, sinco ¥ho oxplosit
148012 inperils 1ife witbhin a smck grenter syca then do the £aEdt. FOEETeT,
a boab crploding im & building can domape tho gholter 80 and tho paces
fyom tho goxolosion can s60p in thyoush cracks in the oof end walls. A0

a resulb, oracks causad by explosions, OVER without ihe procence of war

gagud, should Bo T1110a inmodiaboly with the avellabie mserisle {clay,- -

pusty, celd glue) .

COE REFELP OF DICRHMDIARY 2GS ARD TOIBG GASED

The Effset oFf fnesndisry oS

Tneendiary bowbs and dovices gonerally =odn B0 dirscs danger o &
sheiter. Tho floming chowges of hoayy pebroleun borhs can COmS REAY the
sholtor. Homally, the walls ond roofe of ghelters vill not withstond
5 ousteinod fize. To increasc the protecticn againet fivo, in sonstructing

" ¥he arRrsessy Sheliurs the opealngs musth o earefnlly choson mmd ell

jeiorrmble natorisls mush 0o rapovod TEOT Vhe viobsitis o tho eptionetde

A much preator danger to shelsers iz an indircel ong, the enoko
onusod by tho five. I the Tixes emucsd by incendisry bomh 536 not pub
out ab cnes, ihey canss immenee »olling ciouda of snoln which can 2een
intoc o peorly-senlod sheltez. b gap-proof sholiey is wrotected fyom this.

she Zffocs of roison Casos

Sheltors which have beon bully in aCCo sanae with exinting inctruetions
are complotoly protectod from poison gaecs, In wosd casdd the ozterior
of ths theldor is oxposed 0 the opzn Gir %o GRAY § VOXY monll degrees
ond shile liguid geson col H48€D into the cholter thrcugh these poinis,
e azpuns will gensrelly not we sufficiemily great to jeopardize ihe
ocenpants. Huetard gas can pe absovhad into the layers of o1l paing
which cover metel, such o6 on stool doorse This effect is dengdroud and
muss be neusralized ty duzning of9 the paint. Husterd gas sande te
remmpin on rusty nsiel {1t can bs aountrelized with o boiling sulphurons
sodium solution}. It will ponedrale sof% woods to a dopth of 15 to

.50 wm, . and hevd moed $0 5 Qepth of 2 $0 & . soft weod con seoIeoly
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be deeontezinnted; thorelore, onoo 1% hos Déew inpropobed Iy gar i%-de
gorthiess. Herd wood con be secontominated by various soluticns, oF vy
planing, Muyctard gus will also penotrate painted wood suriaces o o

depth of 8 30 5 ma. rescntEninagtion of hees-1s 4US6 &5 in the eap _of
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in 8 Sd-hour poriod poison gepes will ssop 10 zz into o brick wall,
and over a fairly long poried, they 2111 pepnetrete conerete 40 to KO =
Tmediate oteps o8 ROt nEC2BIVYXYs Ovor a faivly long poriod gases will
socp 10 to 16 om into the gmrcund. Tor chelssys, tho groatost dsngor is
i the bascmont wollo. JunrEy stone or ertificisl ctong tesomento oo
geniorally lesn sensibive Zhan o Brickofl ono. A Ghitewssohed brick wall
affords protoction ageingt mieterd gan, Splinter-pyoof esnd or gravel
bozes made of waod ond woodwbesuod splinber-protociion lgyors ors
vorthless attor contaminabion by nustard pode

oho jndircet effocis of liquld goses o8 wounlly moch moye Qang I
ous %0 ths shelter thaon are their airect cffecdn, roople who have como
into contact with muosierd gos outotde brins it into the chelter on their
clothes; this ges then vaporiges ond is vy dsncerons. ilth proper
plenning wndé squipping of the aolcechombors with dressing and wosh
roons thisc dapger con be xeduced 10 @ minimune ot only the danger
of rmetord ges, bub also the nzer of aerifors goseg in macy oness
gill 3unbify the &ivisior of the pnge~crombors into tuo sooiionS. A
secons FoOW, actuslly an enteomee hall, in ¥he arrongenont of the
entrenes woald complete Uho loycus idenlily, if ihere 35 in front of this
holl ¢ gns logk shieh com be soaured from outsids,

The aorifor:m peison geses imparil melters espocislly in thoso
dhulters nhos? outer sall surfacts ore oxponed to the aiv. Undergreund
sholtors (most reoidemee shelters nxe of this tyws) nre less penciilve
0 gos peopaps tham stoveground shollsra. To hinger tho scopage of
polson gooet, sheliors with verying protective capselbics met bo buils
with wifor attontion Lo the vequiromento of gsc~-proot seouring, he
uso of paeeprool openings, sul the plastoring end reguler whisc-uoshing
of the brick wells of the eholiawns.

TaE PLATING 1D COETRICTION oF SEULERRY
Phe purgonc of cheliovs is the safemording of life during on sir
roid. Sholtovs which gexve %o protoct peroonnel mey also ba unod o0
protect wolusbles, but only in o very zostyieted end aGeondory SENEd.

e s poGTAine 30 .the degree oF ;;ro;mgj;ig;:;j@q;&@@or&a wo oy closalfy
cholsers into the Tollowing proups: T e s e

1. posbeprocf. (§0S /BEiite, Eiie, €5 szileakebintoa: MOwb=, goo=
emd spiinter-proof/) shekvers, shish afford protection against the ozl
_pPfacts of boobs (gss, Eplintery; ané sir prossare), na ucll s apsingd
o dirach hHit. e e
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2, iobrip-s gooe, and splinter-proo? (065 [Tormelel-, goze, cs
szilanl:bizﬁcgy} gholters, which, though thoy will not protect agsinst
a direct hit or noarby impacte, will ag£feoxd protoction from the splinters,
atr pronsurs, and gas nnd swke of the bomb, 45 woll es fron the debris
of rained wvuildings,

Se Ixmygtnoy choliers satisly She zoquizsmentc of o TGS chelioy by
tho ubilization of whatever cquipment is nscossgry. Tho Omerglney
shelters protect againat elr wesowre, pas and splinders, bud they will
ef£ford profoction fyom the dobwis only if she sheltors sxe in the
Intoricrs of igh buildings snd so placcd thot tho building com collupso
onto the shelter roof. In soporabed underground sheltors, iT corwvecily
positioned, there nrg no specinl roquironenmss for protoction from dobrisc.

263 shelters con be Mulld only in the cellers of belidings highor
then two storios, and then only vihen the bullding is bveing build.
Fmargenoy shelters laceted in the collers of buildings, the sc-ealled
I {Rogihosi -~ "0ld house®) sholtors, com bo imsiollod in o subsequent
mencdoling of sn sxisting Wiiding. Thoy con be bunis in single-afery
houses, as w¥olls This type shelier is also eallod o “treanch shelisr.?

The requiraments of tho 742 and omerpeoncy shelisrs ars idembienl,
ad 305 unly docisive diffovence bvetwean them is vhet the TGS shelter
con be bulit only in tho baserent of & tuilddnn several storics high.
The incrocue of storics above a rhelier sctunlly incromsos its depree
of metection, LOrsuse ns exporicaces in tho isst war proved, the cedilines
of 4the warious otoriles often dofised the couwrse of o bord which hao nads
g direct nit on o tidlding, or theso coilings will cause the éotonsdion
of the Torb; and in $2is woy tho protocsion which 4s efforded by the
ghelbepr egainst the greater anount of dobris apiaing froo the heigdht of
she steucfure iz groster.

86 muy furdhor subdivide tho 3G ohelieyrs by the weight of
derodition bogbs scoring o dlrcet Rib sgainst which they will offer
protection. e diffcrentieds im hde woy A58 cheliers which sill protesd
ageinst 800w, 1,000, and 2,000-kz bonbs.

The cotimato of tho degres of profoobion affordsd by o sielser iz
often incorersct becauzns Yhe TGS and onorgamey shelicr values 87d
egtimbed cn the bosis of destructicns of individusl sholiowma, The T68
ont amerpency Sheliurs o not 0Seny ADVe DESUSLIY, DAy ShY BUCHiiiy O
Iife in the pholters is mch proaisr then in tho opss, or in 4oo living
or uorking urcas of & btuilding. Expericacss of Hioiwet wor showed the
grastest mmher of those vhe #ore killed in air ralds wore not in zheliers.

BORIIUII .- osommr mc. =consis meris o s 22
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4. PBomb-frool Shelierp

Bombeproof shslters ore built fof tmporbent hosdquartors, institubes,
pnd industrial instsllotions. Boih above-goound of underground sheltexs .
aro poasible.

Abovewpround sheliers oro bupkers of several storics smrounded b7
soinforccd conexele walls sewersl wolers sniek. (Sec Figere 10.)

tandorground aheliurs axa set up in paturnl op man~mnde undorground
eallerloec. The deplh of theso welow tho cupisee of he geound is 10 4o
15 m. Unlerground sholtors may alno be pails with floor arrangoments
aisilar to thosn of chelisrs shove ground; %09, gallery chellorn arv
poseivls ob lesoer dupths, bus in such cssos an axplosiopsaogorbent
loyer of coucroio must be used. (Sae Pigure 17.) This solution seean
more ceonomical, bui bochuse of the aeotructive effoeh of grownd SGOPOERS,
this $ype Doy be usod only in &xy ground or with speclal inculoticn, mud
_the syplosizm=sbsBorbent loyor of QOnCTYLd ot _bo of vory grost dieensions
a0 thpt 1% will efford prot@ETion frou s bowb Thich strikes st on sngle.
Thoos things raise construction gonto, no thot thln %ype shelier, in
genemnl, comneot coupots with ahoge~ground mkers.

Tombeppoo? bunbors aye cconomiesl then, when the cxterior walls of
o mantmun cuble comtent eoenfine the nocessnry {ntoricr opos. This
reguirasmt is meb by o cubitorm body delimgios hy plenes a% oight
anglen. Therafors bombwproof shellers could bo cublfopme 4 lsiger
part of the total volume of shelders with emell inborier sress is takem
up By o outer wollo, Inan Lo the coge in the interior avew of lsrge
sholsorz. Thoxefore for reamnsd «f ononemy, sholtors havwing o lempe
n3opior sxvs, thet s, of laves eopneity, wmaet do built.

mwo sholtors housing §00 peoplo soch cost nlmoat twice oo much ap
gge housing 1,000 prople. Thie faclor i6 often ovexrridden by the
roguiresont of galck accossibility, which, in the cage of oo industriel
inatollation covoring o large ares; coll be eabisfied only by dispersed
selier sholterts

i I L B

THIINT RS

coroidors ond steirs which will casuxe ruplé oecoss, ond staiic
consideradions agz woll, dctormine ihe ground plan of o BGS ghaller.
Trom the-chnpler doeliag-with shook offeok. we kuow thay the uppew
anclter poof mst be supporbed sw thickly o6 poscible. (me or W&o
smper wulls porellel o one oide of the sgunre nust support tho 2quars
upper sheot in such & way that the spang resuliing will not o ontor

o
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than 5 o 6 ne Sindlorly, the rool ot stiffon tho ailds wolls, A
practicnl plocemsnd of the etaies 1o in o contynl oection, sot off vy
fnterior uwells, Tor o noexe effiofont use of the inbericy ared, tho
pase of siniva, indepondont of, ond 8% off from, cseh other mast bo
constructcd. Tho stairs will pomadlb 2ecdss 2o the interior gectious
ot coeh level. ™o BOT sheliers build in the paas ofton had oxterior
atairn to ceoh Tloop, porily supplicd with splinteresroteciive weElls
end with ooparsic entroncef. Tt arrengonent facllilated acceess, gt
4% wos nod econcmicel; Thomofere wo noOW ccastruet only interior sisles
whivh open st csch lsvels

Tntrances 0 BOS ohelters wmust b protecbad vith aplintor malls of
a thicikuoss close to the thicknces of pxteTior wallz, snd the gop nefucen
4no splintor wall snd the bunkoer st bo covored with a layor of the
e thickioos. Dus to the doublo otalrs, ¢ho interior srrengement OF
whe bunier i3 éivided into two pymetrical soctions, The catranees 0
sho tua sestiono 2po profucted by independent splinter walls. Since the
ontrencon are also bomb-proct, sad tho losation of tho chelvers iz such
that it is outsics the limits of rulns £rom noerby buildings; the
antrances will nod he blocked just oy the rubble produced by¥ groud
impacts nesr the mker. Thus soparatc SIOYEORSY axite are pob nOCRGINTY.

The meibor of entrance doorn io praseribed by the copacidy of tho
mmber oad tho roguiresent thab tho tumkor 18 able $o aduit this eapaeity
in 5 40 & minuios of steady infhnt.

Tha optrones Coors are double doors, opening in snd ouy, whiek £is0
forn gas locks. Fron these we eptor the emto~charbeor in walch there aye
econteiners for clothas contominsted Ly gne, a8 mall as lookers coniaining
eloun clothos.

Ondy sivil-Sefenss peTECRSEL may remsin in the smie-~chopner during
en slarme On the legcet level of tho bunior &rd an wid sbation, the
1omnl eiviledefonss heodquartord, ond Iooms for civil=iefense psroonrel.
hooms Tor the phsaive persoancl will gemerally have an interior sroe
suitsble for 50 poopls. The Iwo ayemotrie ceghions, buving indepsndend
entraness, must 2 comneched by & eorridor en sn upper level, opd if
oress must open onko the stalrwell. {ose Figuve 18.)

]
i
4
|
i
!
|

|
|
i
|

The Struckure ond Ixocuticn of BGS Shellors

The iicknesscs of the TooF, $ide WHLLS, i base plete ol & BE oo oo
gholter rust be delermined on the besin of the penotiative and ezplosive
offocts of & homb stildng 1%,
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To losocn the ponebtuadicn of the peof, 1% 1o necesonry to construct
& Bo-oulled "oxplosion layew,” o loyer of wolganie rock imtedded in
comerate 0,70 o 1 s thick. The side wella are in the moot adventagecus
positien with regard Yo the effosts of £ bouh, Sines bombs foiling from
g zrost nlsituds will eipike eluost porpendiculsrly ond will reroly
ponetrate a oido woll, It 45 nowo 1ikoly thod the bowb will olide almg
3he soll spd bary itself in vhe prownd ot 10 bese of the sholtor. Jae
40 the dnmping couosd by tho ground sueh nite place gronisr oclrang 0B
the undorground sogbions of the olds walls and on Thng part of the bosd
plate which the bonb can ponebrsic becouss of 1ia ldnotic opoyey, then
bombe exploding in the opn without Gomping. A4S 8 resuld, the wolls arg
shieker in the undevground coctimm. The intorior sechicn of $ho bose
plate with its lower aymastricnl shapd gon also Lo mmde of a smallor
thicimets.

Tho upperwot roof snd side wpllc oxo yeinforesd concrese shesis
covered uith special ates) woinforeing snd coucrcted withoud breaks.
Tho steel roinforcing of the sheols Aiffers fyom the rogulor slatic
coveing, dince its pUTRoss 1v nei~iT %oXc o the 2=tarior tenstons of
gintic londs, bubt rather %o provent the shellelika rupture of the chest
oo 1ts underside by the impact and explosion of the bonhe. Thorafore,
ship pteol roinfopcing consisis of a thisk underside or interior astucek
and sbeel reinforeing ruwnming persllol fo this, o well o the oystom
of siroys reaning in both directions end +tying thuzse together, Tenidon
thesos Shero nre inolincd straps in thoe comern reriniooant of the
atatie stesl roinforuing of the struchee junction pointse To zeducs
+he damping of @ bosdk Talling onbo the uppox luyex of the shesy, ihe
stosl roinforeing is aniy in the laner twowthirds of e sheet. The
avecial reintoveing gomorelly will ofiord vootoction only appinest the
effacts of the duberior foress csusod by pomotration, getonavion, snd
shooke The reinforcod sonarsio strusturse of the ashelser muut ho plonne
for ihelr own significant weightn; the closed atructurd sant be plenned
Por the stotic loed. Dooides the syccizd rainforeing 1% mugt also b2
oupplied with o reinforaing proportioned to the losd of 1ts wm ueighte
ha specinl reinforoing may Ve included in the shetic roinforeinge ‘ibls
refers primopdly to the bace pleto, slnee in the larger bunkerg tha base
plate recelviy & oconsidorabla vending from surface tensicons amounbsing o
3 40 4 kpfet. To toke up his bemding e signifiennt stetio reinforelng
ip needed. There are no hoymiul efipets fyonm the high surfoca tension
benenth the tuakors, sinec duc to the rigldity of tho struetures 1%
cemnob esuso breaks An thom.  In plosning he baso ylate e zedaction
of 3te thicknean 3o that pormitted Sren the standpoint of éotensiticn
“Fannod BOrTEILY Be realissd at tho comisy of The plade. -
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‘The axierinr structures of the BHY shelisrn will bs of conerods,
capactd with o vilreter to o nolidity of Epn & 40 kg/m®. I iz vary
Loportont thot tho oxtesdor walls and $he roof be medo by comsnting
without bresks. The intorior wells scrving tc support tha »oof are.

%0 am $hick, ag’ul should be bwilt of coneroio with o density of

Bon & 400 kg/m¥. The intormpdisbe coilings upe shoets oboud 20 cm
ﬁE?c):, reinforced gy necessary to boar the statie load slong with the
stolr supports. Halnforesd conerote wolls, 10 o thiek, roinforced with
o medium notwork, zeyve %o dlivide the intorior areas.

when thess is o hid on the uppertoed layer, the reinforeod convrete
proteotive 2ol under the mmin Foof sorvos o dugp the $elling of dchbris
of & degreas It is deadrable to cover this roof uith 2 network: sipdlsr
o the lower nelyopk of the upper layer., %he conetruction of this is
done in the mopd precticnl mownor by camonting £rom the fyony 5ido.

The thiclmoss of the voloanic sicns layor bedded into the conemte
covering the npperooat layor should bo at loaat 20 er. Too mmberial for
this is volennic stone, 16~18 om thick; with o tonsils oivensih of
2,500 b/ op greater, The individusi stones moy ko lorger, The "
otonss will ha sot inte concrobe periar of a salidity of Tog = 400 kple®,

Ingtead of alir holes hotween the upper lnyor of o bonbeproof sholier
and the pratactive roof under 1%, 1t is poseible to use a layer of loose
sand. The pight enpgle junebhwes of the walls snd eeilings in tha
intorier of & chelter skadd be fithsd with wedpes, In the move émporbent
#heliers, 0 prevent the felling of interioy dsteie, i3 is praciicsl %o
sover the walle end seilings with woods An air speces of 2 $o & ¢n nush
»o loft betvacn the covering snd the sholior wall. In the comsnting of
the bombeproof sheliers, bvofore camenting mueh esrd must be glven $o the
careful plucemant of, or leaving & spece for, the iniske ond exhisust
pipes of tus Tiltering oquipment, ithe electric and telophone eables,
end the abonor drains, since, IT this is not done of bhis tixe, openings
for the pipes conrot b mmde leisr in the soveralemsbter-thick concrste
wvolln.

In prepsring tho conerets for Whic Gumbeproof shelicl, SenGy gravel
uith & mexiram gresular elze of 80-100 mn pay be used i{n the vmeovornd
socetion of the shoet; bubt in the thieckly covered lowox layey o gramalax
size of 2040 mm will bo ussds Beosuse we must inoure tho rapid ccnduotion
of neat fermed in tbe binding of conoroie preparcd in lergs wwoses, we
susgest deing the ponercting in-<ool weniler. Tho GGoond GoEdG shonig
b dry end capthemoist, sinne othersise fhe lareoregize sravel uscd in
the appsr uneoverced layer will mink end sottlo on the lowsr networke The
caxpecting of the conerete should be done itk o vibtralor primscily in
the oxes of the thickly networked reinforsinge
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Groot caro puet be taken in tho fixed water-ccnent rotlo of the
compacted concrete. Thersfors, if hecause of o change in the quality
of tho mterisl 4he amount hss to be inercased, then the guantity of
coment nust slot bo reised. The compacted conerote should ba oarihe
moist. The uso of cost concroto is not poruitted.

%ith rogerd o the hoawy walls ond eeilings, the dimbering ussd
will @eviate ivom the usunl tinbewing ueed in nigh struchuros, becsuss
1% must bo plenned for the welghd of cheets povaral meters thisk and
for the lastorsl prossure of fresh conerois wnllo seversl moters thilck.
The waluo of $his may be takon &t 05 t/rfe

Aftor untisbering, the oxzterior concrote surfuces of the bunker
ot be painted the samo color og the surrounding lond. Tor camouiloge
purposes, it is umnecessary to saind windows on tho wells of the bunker,
or to uso formedisrupting point potterns, or to Iit it with a posked
roof beesuse in cbservetions fyom goest slbitudss i{ cannob be
identifiod an 6 bunksy snd decsplive neasurss ars pointloss.

The Intorior Eguipment of HGS Shelbers

The most importsnt ewuipment of EGS sheltors ip $ho srtificiel
venSilation eguipkent, the clectric lighting apd the exergency lightling.
Fo oholl discums thene items of shelter squipeony in detail Ister. I
aholl only mention bere vhet the pipes fov the aquipmont and the holes
$n the wall for thess pipes must be included in ine plan, becsuse the
breaking of cuck holss lator is hardly precticsl in walls ooeveral
motors thiek. Tho opace botwesn the phyes end the eomerste walle is
nonpigid; the pipos pust be packed with & materisl o absorb shoek.

The inbake ond exboust oir pipes et be of cast irem, B0 thed thoy
will be mors 1ikoly to chatier in én cxplousion, then collapse snd couss
an air failure. The dreins loading from the ohosors of & bombwproof
shelter mmat be fitted with valves Yo prevent the irfiliretion of smoke
and poison gavesd.

2180 included in the intovrior oquipment of the bunkey are o
sufficient mumber of benches with bneks, not supporied by ko salls, sad
resting plesos for offedudy clvil-tefonse porsonnel. 4 labrine fop ¥
poople rmot be installed, if possible in o cloaed cleset.

Tho squipping of the aid stasicn ond the hesdquarters room s the
sere 68 in o U0S shelters —In-Cuctory bunbvows it ie dasirsble %o dnstall

switohbonris for the machinss vhich continue o oporale uring on elarm,
s woll a§ instramonts 3o signel the oporstion of the machinerye

o )} e
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seconding o fanilior camoutlage prineiples.

The bombeproof shelters st bo buils oubtsido the 1imids of uhere
building debris will fall, ond slaso well yosoved from storas of
inflammable oy oxplosive fuola, This roguirenent gapnod be sabisfiod

| shen sholtors must bo built in densely bullt uoe prous, surrounded by

| now or oxlnbing buildings, In suoh 8 C=00, debrie con gowplotely seal
: g sholber enirance; thoreforve, in sddition »o thoss ontrenges, & bl

1 proof omergeney axit must ve gotubliishod in o Himnal leading to the

\ Comouflogo of the routes 1cading to tho bunker w1l bo dme \
!
|

\ ;
i
|

o7on. !

Tunnel ond Gallery Chollers

sot up in either cxissing or new cuves OF golleries, To ¥ncw the degyeo
of ProisEuLin afforded by gallery EhELISIEE iz rmaoh mors S4Pffsuld then
for wndsrgeound shellors made of the presc:'iba:}-qmlity conerets, since
‘ relatively little mi11 bo kpoan of the soil over tho gallexs. Gocsuse
: of those wmcorbsinbiss gnllery gholbers st be pleanad for grocter

i stpesses, The essabliohmont of the degroe of pomd proteckion, +hat im,
| cop what moight bombs tho strabe avove tho chelber will pgford pro-

'\ gooticn, osn bo made oaly by 8 parpful study ¢f o gsesticn of the geomad
1 and by cospudations hased on this. To listing of tho strabte thicinesses
' affording protection from worious weight bowbs, similap to the Msting
' of tho wall thickuesses for wndeTground bunksrs, cunl ba given hercs

The roliouing fact should eoxve only o8 o geiding prineiple: In nost
asolle tho thiclness of evound cover waich con bo gonsidorsd bombeprood
pogine 88 15 B. Hines the gelisrieo eve 8ug ints the inelined slope

of a hill, this nocessery thisiness is not present nesr tho entronecd,;
and these will be bomb-proot only when the grownd ebove tho entranco
nno beon coverod with an explosion=proof layer of tha proper bresdih
end thickuess. In plsce of thin expeasive solution we should rather
whilize sevoral enironges, SOUS aisbaneo Croum esch other, or a verticel
ongrgeney exit lending from the interior of the gellerye {see Figures
| 1¢ and 20.]

The mpost ogonomicsl TyIe of bopb~prood chelter is one which i3 \
\
|
1
|
|
i
|
|
\

Tho systean of mine galleories consicting of the usunl nayrod
possagesays is yess multsble for shelier use, nacause the leng corzidors
i ninder guick asgess, inoreasing the time reguired Tor the infiux of

_ S geoples.  Te sotablispuent of wider areny, under & luyer sufficiently
| snigk %o be bombeproof, io pobtor cuifed to The purposss & eopoetiy of
i 250 So 300 Teople is posoible for o single orss. »t the Domb-proot
sechicn nearest the enitrance should e established the shelber hend- o
guarbers, e nia shatiom, oud, if the shelter serves o Enctory, B i

F

prsion
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store of fire-fiphting toole tramsferred from the fvctory during air
aié preparationn,

Endrences to gollory shelijers must be forrmd similarly $o the
entrances of the underground bunkers, with reinforsed conereto splinter
walls in front of the enbrancs, or by entroness to the gellery cut in
suck & broken line that splinters will not ricoched into the interior.
Pho peme type double doors, opening iz and oub, £8 oxd usod in 2G5
sheliers must bs employed. If a vertical emerpency oxii sheft is used,
+he stoirs smed Do run in & broken line and the exit at ground lovel
must be mede bombeproof.

The gallery shelters must ve of such & size thet Shoy csn servo
thefr purposs without sen-mode ventiledion. Ain gxespbion %o this is
whon Tactories op seetlcnn of foetorios are instelled in the galleries.
In ouch @ case the use of lorgt-copacity ventilation equipzent 35

nonier

noeeesEnTy

The Planning of Galleyy Shelters

The gollepies wust be plemnsf for the statle load of the prossuxe
of the mountoin and for the Gynomic effect brought obout by the impaed
and dstonation of the bomb.

The shntic plenning is m@s on the bosls of the Irotedjokay procsss
desoyibod below. (See Pigure 21.)

$he pressuve of the mountein which is in effcet an the vaultod wolls
of the glierios dopends on the 4opths of the gellery bencath tho gromd
rans over gallorics of large Spens snd shallow depib is in offect om
thoir veulbingo above & cortsin dopth and bolew o cortain sSpan. This
Joad, hovever, does nobd inercess, beesusa one pary of the gromé over
the gallory forms s ssif-supporiing aerch, rracticol expericuncs bes
ehomn that She lood-shifting srches devolop over golloriss of 2.6 n
spans only uhen there is o ground cover of 10 to 1B =, Secticas of
gZrouns within those mrshes hurden $he welled vouliing of the zeliery
oS & vertical lond. The isternl prccsure of the mouninin, dirocted
norizontally, burdenms the wsulting frem twe sides. The two sidegnils
overate in a maoner similar to sbudments serving to S0pporh o suppord
wsll. fe moy eesily dedsomine tho size of the norizonial lead on the

_bools of the Culowd ground-pressurd theory Irom Uhe v i-wnorn fect that
the sround uwhesture rogerded oo vertical, shich i5-in effesb-en-the.side o .
uslls, consints of the prassure of & prim siiding on o broken plensj

end thst the sesurphion of the posision of the broken plans is such

that the Tosulding ground preszuro shauld be maximum. This sesumpbion

2 -
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maserislises in & vortical dlrcetion in %he ¢oso of 8 proken plano
encloning oh Snple of 6 m 46% = — @ /o, whers 4o forcs, offcctive
4n tho lower third, equivelent %o the effoct of tho ground pressurGs.

5 = n¥e? o @)
A 1
z

ghepas Y i the geight of the ground B2ED, and b is tho helght of the
wall belng atudicde 7The 1acrante OF ground PIOSSure rosulbing froa
the varticnl load o the ground rmss within tho ground Lrensurs arch
st be adesd o 4he grouwnd prossurd dopivod fron the fommle. This is
18entical %o the gosersinotion of Hho ground prosoure appeoring o0 8
pgrdened surinog, creops that hors %he vpurdenod planc is not the outer
surface, bub the LPper norizontel tangenticel pland of tho galleTys
The intersection 5P the broken planss fomning two gidos of tho sheoltor
with the uppsr hoxdzontal tangentlal plone determines the preadth of
tha _prmind Pressurs sreh, Wheroeforo, sines the growmd within theoe
points wovVes, toest ppowid Tosess aro-sct a park of the ground rO8B63
yermining in plsee =8 8 conseguenco of the supporting oefsect of tho
voultings The neight of the groupd FrosSUXe arch can be debarained
with ostisfactory cxactness only oB iho bpein of the wonsurcd shepd
chonges of the finiched gallerys For approximaie detorainations this
hypothesis @11l moet the pueposed s o yosuld of the norizontal 1ntoral
pressure on bwO siges, the uppsy ground wess will move upwerd @ $ho
pris browsn within the prousé PRSSsure sreh, end Tho ongle of incline
formsd in vhis way 1e ot noot the pasural engle of ineline. Asocording
4o this theoI¥,

bz &
e
‘Ee’e,,rega’:d the ground zzbesamre arell as 8 send~01liptic, and the
1024, £°, feliing on ke upyer plape of tho broken pris: is in proportica
3o the avea of the gllipse, that iy since 3

k- 3=

then S  bzib Tow Y

—p———

Z +

__Wo consldor this losd a lead distrivuted unifornly on tho upper
.. face of the fESeturvd pEiTR, and tyo lateral prossure m the centor
o2 the well iS e - -

gg:?atg(éso“_g_]
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The vorticel leoad Py an the wwulted gullery i in proportion to
the sren of the nidsle part of the ellipne.

The helght of the srch ovor the gollery (1) cannot be deteormined
geecinely on $ho basis of conputstions bazed on the nstural sngle
of slopte. Thereforo it mush be corrected on the basis of digming and
other facts concorning the qualiby of tho rocke and obratificstion
gadined aof tho sitc.

#o set up tho curve of tho wnllod vauliing of the gallery In
accordance with the basie pringiple of veult constructicn: %he uppsr
and luterol prossuro of the mowitoin applics force only on the intoriar
pregsurc. The detoxminotion of this curve is doue by ssmpaing the
probable curve. Conflmmmtion of the geeursey of this sssuzpbion e
mede by & eanfizmation of the possidvilities of dvawing in tho curve
cutlined by the horizontal and vertienl lozds as the Incor band of ihe
nssuned waulting.

Thie is & complicstod procaduro mnd, instead of this process vhich
gives only o linited accuragy, w6 con detemine the center line of
the voulting in o simpler mmnmer, Thet is, i-P we consider the verbiesl
io2d (Fy = _.A) 008 tho horizenisl load (P = “1-* 52 ) ¢o B wvenly

distrivuted cn the gelloxy vauldlag, then the canear line of the vaulting
will be ex e1lipoo, for which o w /Hoke: volue cuitted in text/ is the
srall axis ond © « hY, the large nxis, $ith tho following relationship
hotweon the loads (Sae Figurs 22):

)
B" L
————
&F

e
The smnulny forces at poiants 1 and 2 ave:

By gy = cPy ond n¢g - &?l

The slliptic weuliing sc construeted must Lo suppliocd with GorIese
pending veses under the Floor line of the gssllery. The force effociive
on the bages 1my W0 fokon 6o npproxbmtely n@ .. For groetor Lorces,
i.nﬁteaé of a flooy covering, o lowey mtswwm.ﬁng st bo bud.l‘c.

Ror mmting the effeots of mn ea;plca‘on, wo {ifPerohiiote bobween
three qualillien of soils

. Y
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For non-rigid soils, the thickness nocessary for prosoction is:

K}_:(bb -c + 2, Jk

whevein & in the safety fector which moy be checon betmoon 1.2 nnd 15,
deponding upon the gellory dimensions end the soil cuelity, nund e As
the distence bebmeen the conter of gravity of the churge ond the tip of
tho homb, aboub 2 d. The mmller the value of ig und the lerger tho
spon, the grenter the wvelue of X must bo. The increaze of the ponse
tratlon walues produced by mulbinlication by k is not to jroteet
sgainst an netuc) incresse of peustvatlon, but producscs tho oxtrd
degroe noeasssry for sofety, rhen X @ 1.8, we rocolvd a profective
leyer approxiimtely as thick os that used in computations for rigid
00iln.

2, Rigid soils: Those soils In which
L £ tg @< 4 {ooo Figure Bhe)

For wigld soils the ickness of the mrotective lgysr is:
Hy Z By et o+ By

wherein ie the ponobrotlion of the bord into the growmd, and by o
tho holight of the semi~ollipse formed in the ground.

5. Soils of solid mmiorisls: obones or roghs, In which an inger
woulbing doss no% foxm {see Figure 85), because faulis do not appeur
&8 1o the colidity of the rooks, ond so tho depth of demolition exbends
40 the upper lowol of the gollery. The value for this is:

Hy Z By o ST

This p, is not the same es the rodius of demolition (Bp); it may
be couputed fron We formuls Ty m ¥y ifc’: whovein ky is tho separation
fockor of solid soll,

Tho gellery wouléing oush siso be plommed for the pareussive effect
of ihe bozb, if it is within the limits of the porcussive sftfoct, et
is, Q5 1y, roasured from the Limits of the demoliticn depth.

The tumol sooticns chould be distant Tiowm oach oiher, when roasible.
The following TORMRLS Wil Soxve to dotorane tho smmiivet seenianivle
distapes in om:

- g———
S w 3011’0 iy o
-

- A e
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vhorein b 13 the sopon of the gallery soction, in om; £ the solidity
factor of tho zofl or rock {4z @ ); I the cumpubed :ric'bcctive thickuees
in ea; end ¥ the volume weight of tho stone in kp/em®. The formils
not only makes allomances for tho effect of the atatic load by wking

i into considerabion, but it elso considors the fuet that the coil
chifts and sopsmitos, thereby ineroasing tho static loads & recelve
the walue of £ in ¢ from this formiin.

thore there oro to bo soverol Lunnol onbrances, they shonld be o
distenes apsrt greator than the sguored radiuve of dsrmolitions

> r, (see Figuro 20.)

B. TG4 Sholters Estsblished in Hew uildines

For eatablishing TGS shelters in nev bulldings the order fyoe the
Zinister of Xatormal sfleirs contains the teehnieal prineipies o be
follomods In tho followlug notes, we assume thot ths reader is familisr
with thio doercs. Thus wo shull not state what Is included in i%, bub
ve sinply oxplain some items in grectos detail.

The planning of n TGS shelicr begins with the proper locating of ib
after determining the nuber of persons Lo o protected and, on the basis
of this, the noceosery sizo of bho shelder. The decisivo principle ia
icoasting the shelbor f2 thet the shelter shonld be at the most sultable
oart of the basement ground plen. Thls io the oreo ihe grestest pard
of winioh st Do Gesipguated for sheltsr purpesss, and shick is under an
ares of the tuilding hawing severel flcors., If this rogquivemont cammol
be sztisfled, st leest o goction of the busenent under a floor must be
uoed &8s @ sheldor. The sheltor slounld not be wndsr o {loor boavily
loaded with nachines or stored mafnrials, Factory sheltews should nob
be near scoticon of & fechory which are liable %o bum or expleds, or
within an syres which can o flcoodsd by storope tonks baing damoped.

tnly 180 peoplo should us honsod in ope sholter, I the nusher 4o
o meotoetsd is greoter then this, wo zuet consbruct sepsrete independent
abeltars; apch of vhich will have ¢ capacsity of 1R peroms ad nosk.

ante~ghambers and inderior aress, It pay be necessary o construct
thoee at =g dlstonee from cach othey, bud weane of cosmmpicatims
twecn tho sheliora ruad bo zseuwed. IE 1o not only necessery thad
tho shelters be built et a distence fyom cuch othor, bub slse that the
looation of the inborior erozs within $Re Individual wiaiters bo in &ai Cs
oxtended srrongeeond. In case of largo numbers of porscnnel end busewsnis

o 35 -
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of mmall svea, a largs disteuce botwesn shelters connot be asgured,
fherofore in such ceses there should bo only ono room, nov used 2& 8
sheltor ares, betwesn tho shalierd. Thege aroas should not be filled
wikh dirt, since this greotly increades dsmping in & direct hit and,
in neaydy pits, mill conduch tho shock mave beiter thon en 0ir SpucoOe

The well-loonted sholier con be yeached quickly and essily end,
1¢ the duilding collepses or 1z dostroyed, cen be quiekly evacueted
through ceergoney exits. To reduce the offeets of alr prossuro snd
saction, papeapges leading 0 0 shelser muss vo build in & zig-28g
pattsrne HOWEYOT, protoction sgeinst sir pressnc is wore importent
than ossuring wido scceqs reutes, and thercfore groat strosa must be
15id on this.

Givil~Defense Personnel

The shelior is prepored foy all porponpel in the puilaing. Tbis
muaber 0lso ircludes ¢ivil-dofonse parsonnel, &ince thay Fill oniy
neonin ounbside the sholisr duving an sir reid if 1% is neceasary. R0
ogtohlish exnesly the nuuber of peopls o be protected 1z virtuslly
ioposoible, slnce tho numbee of soople in s building varies agcording
o 135 upe and tine of dGay, giving yige to o situetion in which the
sneliiorn of soms bulldings, for instsncs office tuildings, will bo
£11ied in the Geybime, bud will e empty at: ighte. 7These will slso be
relatively oupty in thoe doybime whon thers are fow people in the center
of tho city amd along the traffic routes whers ponsers.by in the phroch
night slgo meke use OF them. Hosever, the gencrol prineiple that
shelters tmos be plannod for the maxiua povyopnsl rmet take into
acoount those condiviono which mighl reducs £his number in ¥ime of wor
{Cege; restrictions on the perccupel capacisics of public places,
vegrouping of feoloery shifta, ese.}. The process for netting up the
civil~defonne staff mentioncd in 3the ordor refars omly Yo those
pecidences where the numbeyr of ranidense does nod oxceed the norenl
nwgbor for vhich the building wes plonned, I densely~-romilated
weildings (residences where spariments ors cherod) when the schusl
pumber of residente 1s o great desl more thon tho estimated civile
defense porsconol, the sciunl nugher of inhabidents must be usod 68 6
pasis. For ingbituricns edf Ingustrisl plemisy sostous. eonatderation. . . |
must bo piven to whet the weriice staff would 9. I% 48 glse possibis
+0 loente pheldare or o new milding ip other buildings near the new
stroanturs, 17 the consiruction of & sbelter iu it is lmpractleal
because of iis arvengezoent (S.g., @ factory in sue vasomsnl) o bossuse
C - - g tuohpicel-diffieuities la.z.. bieh undorground weter level), or 12 -
she structure iisolf is especielly endangered bessuse of its pudpmes " T
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Thene oxtoricr sholiers chould not fapther then 200 to 200 m {icu the
building.

During an sir reid oll sholdter opaningy leading do the opon aiy
suet be closod. Thercforo the sir requirenenis of tho sholter may have
to b meb for some timo by the sir within the sheltew, or by proporiy
#11tored eir drowy in from outsids by the ventlilstien equipsont, The
pazw~porTeon eir sllotuent prescribed in the desrse iz safficlent only
for 1.5 to 8 nours, snd aicknoss mud fainting will occur frem lack of
air if on olsza should bo for longer then thia. Thig will not heppon
where venbilotion-filtering cquipnont ie instellsd, becouse 2 eostinuous
supply of eir is assured. On tho othor hond, & callfupction, such os a
pogor-supply failure, con hemper epsreticns. @4vh megerd to costs, ihe
evet of consbiucting & choltsr fithted with such eouinment is comcubot
less than for a shelser without it, sinee the size of the chellor is
stmller, Howevor, bocauce of ths difficuldies of imsislling sach
yoensilotion and Piltering equigmond Lor lorfpe sIlos, this oquipnent
will be uged for important shelters, and in thoese cassd whers tho

space aveilable for civil defonse persoanel is small.

ho air spuce nf g shelter can be incruas Ly coansoting it wilh
a port of the air spnce of the svebien of the banazent outaide ihe
ahalter. This 15 ta0 sow-salled “suxdliory air space.” It i important
thpt the sren of ihe bvasement ccmprising ths suxiliary oir spsce he
ges-proof, sud thet oponingt botween this air spnoe und the shellor ve
£ibed with gos-preot locking devices, Ghero there is en auxilisry
air space, the bsse arca corresponding o tha porsonnel in the interior
sections rmunt be complied with, Decsuse of the usual low height of
bhsemonts, when the prescribed base srea i cowplied with exaetly, sn
guxiliary iz spsee will elwpys bo nscessury. Scwever, I %o ke the
interior aves lerger than recemsary, which in turn ulso makos the
shelter suitsble for longzer stays, for slesping, stc., then the air
cpneo of the shelier is safficient without an suxilinry cupplys

Tho Ieyout and Sections of the Sheltor

The ante-chambers ¢f shelter units sbould not open directly onto
$LETHISHE BTG buD vhonld e Teerahed vin-sush hesement. anrzidors ag. wiil
prohibit, bvecsuse of thelr courses, & atreishi-line impact of spiinders,
211 interior sreas should be zbls to be resched from the gnie-chauber
if possidble; but if this csmnot be done satizfactorily in the layoul,
thon vhe interiad srenS DAY UPIR Omts Ssch OBhow. Hosevar, only ong

. Anteriop ares may open onbo suother. Tho purpose of She sate-chonder

in a ges nttack is the decertenmimstion of those whe have been expessd
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and the locking out of the poiconons agents {rom the interior dread.
For bestor sealing, tho ante~chumber should be Gouble, one psri
gsoparated from tho ante~chombor provor, and fomsd by e easloclk £itted
uith o doublo door. Sines the fecilities fop thoso oxposcd to gos 70
in tho apie-chamdor, on prex of ot lssst 2 =2 st be assurcd, possibly
segregsted us o cubicls froa the wsin avoa, ousslds the axcos cot off
bty the doors opening into the apte~chamber.

Sipes, in a &irect hit, the Intorior wells of the basanen® will,
at beat, impeds tho destruction of the somrate basouent sections, the
porsensg to ve prodecied sve nob plucod in ono room within the sholtor,
Yt rather arc plasced in groups of 50 in intorior rooms sol off by
salls of ihe syoper 4yps. sesides incrensing the degroe of protecticn,
such a divisicn of a sheltsr sids in mintaining tho strict diseipline
requirod. an lmproper arvapgement of the lesves of doors betwoen the
interlor scetions nnd the cnioechambers, os well as thone betweon the
interior scotions, will fnpeds traffic, csusing confusion and penic in
a quick ovacustion. Therefore the doors st be pioesd so that door
leavss do not touck ono snother in theiy swinging. e csn 4o This by
placing the doors in corners pné by apranglng the door icsves 8¢ thof
they will be flat apainet tho well vhen oponed. (foe Figaros 26 znd 87.)

partimo oxpericnces proved thkat e nost important part of a shelter
is e well~conmtructed emorzency oxit. 7eople died in more sheoltera
tocauss of lock of exid poosibilitics than becouss of the collapse of
tue shelter, theroby disproving the ides thet a debriseproof roof is
the most $mporiant yequisite of s sheller, In planning emergency
pzits the plennors are oféen content to assure that e numter of
ezits prozeribod in tho decreo are buildt, without considering the fact
thet the exite wust de propgerly positionsd. Therofore, often two exiis
are bullt 8o close Yo one another shsd with cne kit they could both be
destroyod, or they could both remain intact, thoereby mcking one super-
Tluouz. In dotemining he locstions of wsrgency exits, it is
neccssayy %o welgh tho possible extents of destruction, and to employ
only 88 mmny exits as sre nbsolusoly necessery. Therefore where soveral
sheltor uniie sTe close Yo cach other, the prescribed mumber 0f smergency
oxite con be sensibly reduced; rather, fewer oxiis, distent from aach
other, wolleexccubed and prepered by wolghing the gbove poinds, mush
~be_emploged,. The soevgoncy exis are suitndle whore they oze alp
precsure~ opd gplinter~preof; this is moet setisfactorily by eplinter
protective congdruction. Fortinme experience comfivmed thnd reinforced
ecnerote may bo congideorsd splintore-proof, that séesl doors sre nod
spiintoreproof, ond that spliniter proiection moy He sesured—oniy by .7

__@alls of the materisls znd thicknesses given in tho ehapier referring

to splinter profoction. (neo Figure 26.) 8ines splinter<proiesiive
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walls outside s wuilding ure mot desirzsblce for ciiher traffic or
aesthotic reasons, s proctical solution ie %o plsco them inpide the
shelter with screens Tormed by such walls or well sections os will
obetruct any splinters flying in a streight lne from outside through
the opaning. {Rec TFigres 28 and £%.)

An dumportant, though difficult to 1eet, requirement is the loecating
of the exits of ihe emerpency routcs outeids tho ranges of debris of the
currounding tuildings. In deasely vuilt-up soctions of o toun this can
be solved only with vory expsnalve crerpescy t*.mne}];é or with verticel
cowrgeacy exits., The emergpney tusnel is forned by en underpound
eorridor from the sheller to some point in the open outelde the dobris
ronges. It hag & splinteveproof oxit, %he vertieel cmorgenoy exid
is & tover~liks tube Tormed of reinforced ccnerote which will remnin
intact by virtue of its 00lidisy ond support, thus affording
poseidilitisa of escape to the oubside during = poriod of destruction.
It is ussd primarily vhero there sye blocks of »ov buildings with no
chence of oscsbs SO an open 4G The omorgency dunnsl and the
vorticnl ewergency erlts are quite expensive. Thorefore tho decrse
statss enmphaticelly thot it moy b9 used only in special cases for
inmportant buildings, as defined by the resclution of the Yipistry of
Intornsl affairs. {fes Flgure 30.)

The 703 shelter is endengered not only by ¢izect hits on ithe
building, but alse by bauwbs etriking nearby. 7The explosicu cuuses o
ground skock wave which con collepse the srzterior walla of the eecllar,
and the explesion can elso &mp indo tho cellar & pert of thoe ddrt dug
ups To guord pgeinot this, 1T the Lacement siructur® permits wo ool
up the shelter so thaet it ia to the interior of the tuilding, nod
tocuching an euter wall. I3 such s positicn, the ocutcrmost orca absorbs
tho offect of nearby impseta, leoaving the ashelter intect, “here thers
are oony shelter units close to sach other, to radice tha dsopers
inherent in congestion, the placemant of the shelters in o wddle srea
is obligntory. In opeh cofes, the bosamsnt roowms prescribed betwosn
chelber units snd not being uscd for ghelter purposes, csn be ubilized
a3 ente-chambors for the shelier unite, =ince they w%ill not bte usad
for sholtering porssnnel during en &lorme The ercac bordering on the

- -gEsericr ¥alls ¢an B2 nsrrow oOmpidors; poosibly induatrial dnbe

corridors, or snte-chertiors set off by dsors. (Jco Figure Si.)
Bmergency poscopas ssrve for egress {rom sheliors in closad
uildings. -Theso ars build betwcen odicindng wolls, a half=brick thick,

70 x BO cnmy, and recesscd ob leased 2 on from the wall surfsce. “ho

valle Thorefore the ordrgoney pesapt mey be found oven in tho dsTit.

- L0 -

S i
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The eysicn of omerpency hassages, 1€ nocsssary, fusurcs on casily=-
accecnible conncodtion between the vuildings of s single hlock, which
plse roducen the burglary cecuridy of & bullding end focilitates ensry
by uctubhorizod persens inte inotitutions snd factorics. Care must be
tnken to loeste the cmergency rasspges where furthor entry inio the
wilding will be blocked. (fee Figure %2.)

Phe expenses of sholter copstruction are particlly zeimburged when
the sholters sre o 904 up thad they may ho used £oY peucoiiad puUryoseS.
4 ponscetine usefulness rust plso Yo essured even whon this rcquires a
grownd plen lese favorabls from tho etandpsint of o shalter, or whon
ihe usc %0 which Lhe shelter im put necessifntes ocouo remodeling. This
remedeling may be oaly of such s nabure 4 may be conpletod aithin 22
hours, without cumstructien sntoriale or o tocknicsl ferce {ths
snotollansion of door lewves in existing fromcs, the orection of
profabricated stored cplinter protestive barriers, ebtc). Shelters
mey bo used in peacetime for only those industrial or storage BUTLHOLAS
ghere the industrisl equipment ¢r the atored metevial cen be trgnsferyved
t0 o gafo pluce within 24 houra after the elvil-dofonpe proparatlons
order is given. In vesidunces, the sholter =sy be used for storape of
conbuasibles or other materials 4f those csn be placed outside the
sholter, should it be necessary. an idesl situstion would bo & peale-
4306 usage which would not obstruet the intendsd use of the shelier, ond
wvhich could be continued during wartice {feotory Grocesing roons, sooisl
roome, medical ponsulbation Tooms, soosion roGag, clab rooms, 63C.)e

ghelter Structuras

& tiwe debris piled on %op

of it whon a bullding is desiroyed. Thip requirgzent ¢an o ust by

gproperly copetzucting ihe sheljery roof, o by structure Sype which

2111 more or loss hamper the formoticn of debris. The amount of debris

formed in o pioel-skeleton bullding is tmeh lecs than in buildings with

brick malls, Tho oicel structure is very resistant to the effects of

Bir proesure end suction snd only the poursd wills are dentroycds Such

s structurnl orrongement io wewlly employed in industrigl buildinge

vhers the denpar of sn explosion withis the building wust o gonsidered,

as in a bollor house or in an oxplesivas plant, bocause tho vesily=-

poured wells simply collegse in en oxplosion. Tha resistive ability of

reinforcod concrets stesl structures esn be stlained if the reinforesd

aonstructitn is of good-guniily comerct without gaps, in sgoordance

sith tho obructural shendards. A5 wortime szperiences qlso proved,

patches pade in s cross-sgotion of poorer-guality concrete were
“gonnidernbic. T e U

fhe ool of the G5 shelter munt wmithotend
£

«
a
1
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In contrast 20 the old insiructions, the deocreo %0 vhich we refor
doos not insist upon skeleton construction mothods abovo a coriain flcor
hoiphs, {1 1% ic unnocespary becsuse of building arrangement, since the
volus of the nieol shructure from the civiledofonso viowpoint is nét
cormensurade with 3he basic cost. The poursd wells of e sitoel bullding
are leas resistent then the thicker szterior malls of hricked structurss.”
As o rosuld, damnges £ron aiy shosk weves srs prostor to the sells than
to tho sieel zkeleiton. Uince rmost of the materinls storod in tho
building are injured in the collapse of the uallsm, tho proporiy protection
advartoges ¢f the »olnforedd structure method ey dublious. The mothod
sinply hempers ihe formmtlon of Jebris chon thore 4is an interier
explosion.

To inpure protection from fio in the building above the shelior,
the cld civiledofensae desroe proscribed thet the uppernost building
»oof should be of monolithic roinforced coneretc. The reeson for this
was Lo prevsnt tho sprend of a fize o lopse flcors in eanse of o fire
on top, ond o prevent flsming dcbris felling on %he ool fTom reaching
into the building, Iince most bulldings ore mdo with f£lat roof's, the
protoetion sgainat fires on top has hecomg superfluous and she
protection sgpinst penctration to ths top floor is doubdful. Therefore
the now doeree doss rot proscride sn upporsost roof of reinforeed
ceucrate; At sinply statos that it should not be of combustible
mnterisl,

ihen possible, the shelter zhould be well below the surlace of
the gromde The lowor surface of the rool over en idcal aheltor is
belcw ihe ground level, Thip is possible only in specinl csses, sines
Yhe rafising of the basoment sbove ground lowel is nmecensary to install
windows vhich gerve 30 vontilaote and light f£t. The mazivam perrdssible
height of ths Tirst stery floor lgvel over the ground fc 1.20 m. IF,
because of s high woier level, ithe bassrent is relsed abeys the ground
highor than fhis, the 1.20-n height mmet be gotdem by £illing in with
dirt erourd the budlding. If this is inposuibic beoesuce the comstruction
is of o ro% %¥po, thon the basexment cannot be usod for shelte® PwrpogoS.
Ia such casea the covered tromeh sheltor, built undergramd oubzids the
building is betler, in spite of the protecilive effect of tke floors
above shoeltors midch could be installod in such buildings.

The roofs of TGS sacliers must be plunned £or on evenly~-GistTivated
lead of debris, 3he value of which can be debornined in the menner sst
foxth in the dsurcs. Thls iead 18 a poof vit largsr them the momml - -
lcad of 2 basement roof, The debris lood soncs into being when the
house colispses, and its prosured velue is doe welght of the debhris
burdening the sheller mof, e consider the debris losd to bo s siatic

-4 -
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. load; it consiasis of the dynorte iopetus of building seckions crashing
onto %ha sholter ToOL, which impetus becouss & etotic lond only 85 ©
peoult of the collapse. Hepwy walln, Talling from capoeinlly croat
neights, or reot girdors crasiing down con esoily Trsctuld the ahelisr
yoof. Novertheless, carbime exporiances proved that planning for o
atatlc dobyis lead may be eonpidered sufficient, since nfter an
oxplosion ko puilding will ramain werbinlly intacts The twisted
middle floers divert nueh of the aebris from the shelisy rock, and a
good peri of the debris is beommed in between she walls vemaininge AS
a resulit, the shelber roof is not burdened o & noteworthy Gegros. Lus
4o the complexity of the provicm, it is inpossible to plen 4he sneltor
poof for every possidle cass of Gepiruction. Thepefore planning for
proven noTmE, bASSG on actual expericnee, uust suffica.

Tt ie very Amportont that he roof over the shelter be £roe fro
eracks and gaps in ordor %o prevond infildration of soKe and polson
gases. Thic czn bO zehicveld only by & wonolithic roof structure [+>i4
good-guality concrote. This Bo-coiied "eiviledefonsce Toof," a% least
15 on thick, has s strong, roticuler reinforcing on the undersice, WS
purpose of shich is zo That hoavy ploces of debris erasghing domn oOR l
the roof will not fracture tha lower surisee Of thaé roof, sllowing
dust, gas ond cmoke to Seep in thxough the roofe Cach shsels suep
suddenly without bending to the wibresion produced by the jmpoacte

In spocial enses, based on tbo docision of the inistry of Intcroal

- Affalvs, o dipt £i11, one uweter thick, must Lo placsd on the civil~
defense yoof. Face purpoue of thie is to give protaction from radlo~- .
aotive Tays Of on atom bob. nud this is necesssIy only if the wells,
eccilting, ond %he sussounding bulldingss €O not provide the necessery
ehielding. 4 dsmp corth £ill is sueh more offective, bub this
neceasiintes erpensive insulption of the ceiling end ®alls, as well as
continuplly damponing the layer of dizt.

|
vie can conatruet thw sivil-defense roof =00 chesply eud incresse l
the protection offered by +hs shelter % the same tine, iP we brace ths ‘
sholier rool from witbin. The bracing is dcre by gizdaps peating on
raeonry pillars, SO ploced thay the 7illars will fo11 into ke interior
- aroes end not restrict the routs of movemant. \

The civil-defense voof oon Le & icgered roof, rivbed in Fithor &8
- J or Ywo dircetions On tho upper or 1gwer side. The outermont cholter
walle must wo Tivted wish cerniced girders, and ths reinforcling ateol of
the roof must bs tiod into them. Tt 1s neccssAry o constTust & alwile
gefense roof only over the shelssr, the romtes lesding to 1%, the
- emergoncy psaspges, snd the sectioma of the bsaepent leading to tho

s ~
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emorgency tunncl. In practice, such o divicion of tho basomgent zoof and
the elvil defense roof is d1fPicult to attesin. Therefore the 2ivil

defsnse roof must often oxtond to basonent arcas cutside individusl

chelters. Uinilsrly, & mopolith cellingz will be built over sn erce” ;
bordering the shelter, if it is olated structurally to the cholter
ro0f. Frefabricuted roofs over tsacuents conteining shelbsrs cen be - !
propared only over the shelter ond tho sections whick are structurslly !
independent of the shelber access poutes.

AR incremsed sccurity of the stairs leading to the shelier is
goined by the fact thut, in using prefebricased soeticne, the stairs or
bammisters mmot Lo ticd to boams by comenting-in the steel rods jutting
oube

The cutermost shelior wells ip conisct with tho growmd must Lo
plonned for a growd prassurt incromsss by dobris nesr ihe building.
Since such dobris can como only Irom the gollapse of the exterior walls
of the building, ir computing ground pressure the losd discharging

—— - effect connot be coneldersd; we con only eonsider raking the basemend
roof more rigid. In those voinforged strusctures whore the basemonty
wall is illed in botuween the vkeloton eolunms, we must provide for
tying-in the wolls 1o the reipforced conceroise pillars by spikes in the
wall gaps, Jilthout this, the filled well stiips can easily be collapred
by @ ground shock. The side wells of ¢ TS sheltar camnot be plannod
for the greet force cpused by the shock wave of bosbs siziking noarby.
This neans thet the cide welle sre not protected against on impaet whooe
distence from the building is less than 1-‘,; times the radius of demoelition
which & bomb nould produce in the roof,

The exberior and interior walle of shelter units, if brick, shouwdd
te at lesst Bl cm thick; if sions or of mixed rmterisls, 60 ocm thick; or .
i€ of colked cerodnt, 40 om thick. This requirvement is usuelly met in !
extorior wells, but the thickness of intericyr wallsp, if they ave not
prt of the structurs, is usually lese, ¥e can make the conatruction
- of shelisrg more scononieal if the Bl-cm-thick ahslter wslle also fom
thoe strugcture walls, thoroby incressing the security of the shalber
beecguss of the load discherging effezet of the basenent ryoof and asesnding
mwalls. Uslls beiween the intericr aroms of tho shelter shoulé be &t
- least 25 cm thiek, well intsrcounnectsd $o the sulls and xoof of the
—~ gtmeture. Therefors thar shoul@ b build at the some $ime as the moin
walls,

According to the old instrustions, the interior surfecss of the -
shelter must bo left uaplssiered, becatuse impacisuoeks will esuss ks -
plaster to fall. This requirsment is retsined only for the shelier

fi
H
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ceiling. The plaster fron walls will not csune ipjurics, in fnct, ite
gealing offect provonts the Infilerasion of gso from culside.

Contrnl heating, wator, gns, oOr ecorzumicntions moing should nob
pass through a shelter, If this connos bo avolded because of tho
building loyous, then iho pipos st te run in & elosed reinforced
concrote conduit, indepondont of ths strueture, snd i possidle burisd
in the ground. The conguite must be =0 laid that, LT Lractured,
pateriol spewing from then will foll outside the shelisr. This
arrangeoons ©ill efford camplote protecticn should 1% bappen that,
during on alam, other dutias woulé csuse fhose responsible vo 2ozrget
to eclose the valves of the central hooling or wutor minse

To make sheltors gao-preof, tholr structures should te such thot
thero ord Do cracks snywhore to paralt the infiltration of gmess, and
that no ocuch crocks will be formed by slight vallding tremorss Tho
packing of pipes which lead into the sheldoer for cachinezry shore will
bo taken up in the chopter deeling with such recainorye

Sheltor Bguipsent

fho outfitting of sheltors ineludes the furniturs AGCERSITY for
145 use {benchss, %tablss, chalrs, heds) ozmeapt for muckinerys the
contoiner for ges-contaminoted clothes, ond the locker with cleon
closhos; o fivst-ald kit; mochaniesl life-coving equiment; £119-
fighting equiment; und the other health fouilitiss {drisking malsr
containers, a%Cs)s -

The greaioy part of the cutfittinze listed meko up she equipment
of tho siviledofense temns, ond oRly &8 such do they belong to the
sheltor. Lomoves, for rossons of safety they mus® bo siored thore,

The quantity snd t¥pos of such ecuirment are sob domn in the ipstyucticn
referring to the cstoblichment of the civil-Gefonne unit sceording to
the function of the bulldinge.

The tenches, chairs, and other furnisure whleh are an integral
pars of the shelier should be conforteble and sultaeble for & long stey
in the sheltor. It ruet bo reucoborsd $het in Wiss ¢f =az; zings en
sir roid may be expected at ony hour, with or without sp slarm, chelters
porving residences way be filled in the middls of the night. Thersfore
they rmist be equipped for slecplng. In outfisting shelters built in
puiidives bousing insiituios, s nunber of teblep rmst be oiscel in dh2
chelter 4o ellow completion of officlal business if necensary.
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The decree puthorizes iustollatlon of pitelsizines in interior
sholter srcas8. Howcver, if possible, it is deslirable to build
compartuonis for these, set off by thin wella. Shelter benches should.
be fitted with back rests. These pexalt o noro conferteble seating
than lesning egainst & well, which can also caues injuries i there is
a stropg shock transmitiod by the well, I3 lo prefersble for the
tenches to be comsiructed so that the bLacks riay bo movod to e
horizontal positicn, cenverting 46 & bod.

The ehelters moguive oontinuing mainvenences; thic is dops bost by
using them in poacetims. Naintenspea should inciude whitewashing the
wolls, swooping, cloaning, ond regular voentilation of rooms, primarily
+0 provent mustinoss. Thevsfors steol mindows are profersbly removed
in peacetine gnd replaced Ly wentilation grills. The raintenance of
maehinery nogoscitates the perdcdic checking snd roepsirzing of defestis.

Co Shelders Instolled in Existing Buildinss

The requivements governing 785 shelters bullt In new duildings
also govern sholters instsliled in existing buildinss, Hozevor, for
these siielters ihe roguiremonts con bo satisfied only imperfectly, dues
to exisbing conditions. In order Yo diffoventiate Letwoen them, thens
sheoltors ere not cslled T0S shelters, dut B! {Reglhazi: "old houze®)
sholters; olthough with proper execublon thoy ave guite egquel do the
TG sholters in nep bildings. fTherefors 1t is desirabls, in sodbing
up NI shelters, to meet fuily the roguiremends praseribed for IG5
shalter" oven i it moonps sacrificing materini. I% is obliggstory to
#eot than in the 014 housss if at all possiblo,

The essential qualitative difference botween tho S ond 7G5 sholters
is thet the roofs of 3ho latter are bullt for & debris load delermined
originally, shile roofs of K5 caeliors must be wsde suitoble for shelsor
purposes by 8 subsequont sirengthening. A roof subsequontly sirengkhened
ie not squal to o elvil defense roof comotyucted originslly for the load,
and the instollation of supposting bracse and pillers cesiricke the use
of the interior arvas of tho shelter. In 013 housas the shelbers nush
b built botwoen exieding structursl walls, possivly with slight
alterations snd Ly comeiructing o fow new walls, This is possible, vhon
considered apsinst an idenl ground plsa, omly ot o saerifice of maberinl,

#hile in new structurss wo huild basomemis shich sre cuitable for shaltewe.

purposen, in old buildings we can only mark the mont suitable basement
gseetiom Tor uue as a shelter, This must beo (ope on the emme beais as

it used in plemning new sheliers; i.e., the infividusl sholfer units
must be removed from ¢geh otbor end thoy must be intorecouneched v:i‘ah
crepgeney ontrances and oxitm. {Sse FPigure 38)

- L5 -
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e @l shelter should be et the point affording the eatent
protection, under the sestion containing the greatost nusber of storicg;
and ite vlacoment within the growmé plen should bo such thad quick
acoese 10, ond sgross fram, the sholter are apsurida

The intericr srcas of tho sheltor should net o plsced cloze Lo
cack other in o sgusre, bat should lnsbead by sonevhat nore dlastant
$rom oach other, citupted longthwles in smallex rectangular ahapot,
sith such an errengoment, thers is a greater likelihood that only part
of the sheltor will be destroyed by o direct hit.

within buildings she individucl sheltors units should e opart Trom

cach other; howovor, zhero housen nve joined by flre-esily, the sheliers
should be situnbod beside cach other cn voth sides of the fizewall. The
TeasonR £oT this is thoi normlly vhen s bullding collopsca, the cenlor
coliopsen ond the exterior sells supporied by adjoining houses rerxain
atpnding. The darezed floors bocon imelined plunes bending tenards the
oxtorior wallo; these divert the debrils £ulling touprds the outer walls

to 450 centep of the building beeauso of thelr inclined conditions.
snother advensose to such sn avrengezont is thet the odjolnirg sheliers
open onto ench othsr at the emerpency exit; thus it is not necessary 30
sbrangthen the reof over the reute leading %0 tho omorpency oxitba

The shelier should probebly be nesr the stolr housing, snd the
Zoseont should loed to the interior ersss in & shord but crooked route.
The access route should ve short and without shairvs; in o fass-moving
proosssion of pacpls, the slightost obstacle in the 2dazk cen pause
ngcidonts aud injuries, ond snouing panic. 4 sbort weeess roube also
redaces the sxpensss of roof strongthoring.

o do not use bozoment ames conteining webter or ges conduits for
«n FG sheltex. Nolther 40 we nez en eros with pipes imbodded in the
#all, becsuse 1f the pipes &ro broken the waler ox ges will flood the
chelter; too, all sseending pipes peormit mmoke end roisen paogs to
smter the shelisy from outside. In no c&ss ore goteconsumption meters
allowed in @ sholter. IF there is po possitilisy of placing the
sheléer in o pits vhich Qoco not centain pipss, then the pipss croscing
the shslsor must be trasted sccording fo tho statements in the chapier
dosliig with maohimery, OCummaicstions and csatral-hepting condulte
afford leos dangor thon $he gos snd water pipes.

The winistorisl decrse, in the intevest of reducing new ioteriod
partitions to be bullt ia inbtorior sreae of chelters, permiis a
eppneity of 70 people instesd of the 50 allosed in a 708 shelter, It

T TTAGSS not PYeseribe g b perate puie=Ghadber, - buk ondy-reqeires e -
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installation of & gss lock where vecesssry. WAth shio esaing of
roquironenta, I3 shelters cen be eotobliished in existing besenenia ,
normelly with fow interior slierstions. An importent rolaxation of
requiresente 1s also the tact thab for on 15 gholier, in sddidion %o -
the cheltsr roof, ¢ roof of not three nop-cobustible mverinls, as

ig the ease for TGS gheltwrs, but of only one eaterial is required.

This aiso oids ip installing 7 sheltors with fow intorior altorations,
providing the basomsnt &f the afrusture ip of the pormissidle dopth
benoathh tho sroud.

the roscon for this relazsbtion ip that the tore cxgensive TGE
cheltoro oro not precticel if they erve nob prepared vith tho incresscd
security sssured by e position undor he sevoral sbories, whils tho
smallor instellation coste of the & sheliors arc in secord with the
provection assured by the glven olementa of the sito. CSkeliers of
single~story housas, where tho hasemont is sufficiently decp; are
nearly 6quEi o undezgreund tromek-sbolsers, but tho ilatter sre
egoncrully mach Do seoponienle

\

| he lovel of the roof cbove sn Bl sholteT may be 1.5 om above

' ground level, 2s apgainst the l.2 en presceribed for TGS cheltors. If

‘ thia lovel is 1.2 em or less, the thiokneos of the sidewmplla should be
] at losst 51 emp if i% is botween 1.2 end 1.5 oy they should be at
leasct 68 o3 thick,.

I I the oxzisting oidowalls ore thimmer; thay mund bo strongthened

‘: by exterior or interior well udditions tled into the orislnsl welle.
The strengthoning well, rogeadlecs of the thickness praseridbed, should
o 18id into ceuend morbsr at least B8 en thick. Strmngbhening may
also taks plsce by paeking with dird. RE sholtews mey rot be instellsd
{5 basowmonis wheve tho ficor level is highor than 1.0 cm gbovo the
ground levels

Assuring splintor protoction for e I sholier is more difgiculy
then Tor the TGH sholtor, wheps the shelber is plannsd without vindoms 3
or witn few windoms Crom the begiuning, oinge the whole row of exizting
bosoment windoms in 014 housos st be walled up ofier the construotion ;
af the buildine. .

Those basement windowe and othor oreninge to the outside which do
— noh serve-so. emerzensy. exite or ghich are nol necfed in tho poaceline
uoe of the chelter msy 1o oovered by wmalle bullt in frogv ot themy in —

$hs wall plape, or behind thsm. 4 woll bullt before an oroning nay be
U T aa&G oRly ehen -theye ie sufficisng 9pace- svailable-forit-dsfeent ol

the house, and when 1% nay bde oo constructed that she opening probected

it it b . i e im bl S e s

S S
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is covered by an overlap on the sides mpd the bop of ot leaot 50 o
falle in the interior of the shelser will overlap in the sare way ee

the extorior ®ulls, and rhould be tied into the oxisting walln with stoel
rounds, or Fittod with wolled-in braess, to offcet the effocts of air
mﬁm}ma

To wentilate the shelter, Z-shoved venitilation duets pay be used
in the wallod-up soctien, or tho extowior op interior mell nay bo
plused S om ab most in front of, or bohind, ihe cponing. The roctangular
erosseseciion of the wensilation opsnirg showdd be ab least 7 by 14 cxe
It should be £it3od with boltz on the insids whieh will be gan proof
vhern locked. {Sea Figuros 34 ond $5.)} Tho opening shkould be Citted
with 8 strong lock and with hinges desply iubedded in the wsll. rlusging
4he cpsning with 2 sbopper is nod pood, sines the air precsure will blow
tho stopper into the shelter.

The steel or roinforced concrete shelter windews uged in the last
wor carnob be coneidewed eplintor procf; oxperience has shoun thet they
resist only odr prossure. Emorgency osit windows and secess doors will
normnlly be suitsblo oniy Ghen splinders roviog in o streighb llne-sssmot
popstrate into the interior amese or the onbe-chasber of s shelbers If
the layoub of the shelier doos not sasure such protootion, thea splintor-
proef wslls puot be bdully inside or oudslde the ospening. IT this is
not possidle because of the lack of space, thop the wall yeceeses closed
b7 the stesl or reinforeed concrote eworgoncy 6xit doore wmust be filled
out by boxss of zopd oy connseted wooden stckose This arrongenent must
bo joined o the wall with tho proper bracing rods.

Sines on improperly forswd epevgency exit imperils o sholbor nore
than 1t incrooeses its sccurdty, e consbruct only the most noeessery
. number of exits; ond, Iinstoed of oxits operdns direstly onto the outelde,
we usc emavgency passagds or oxits which opon onrto she outer alr from
on area outside tho shalber.

Splinior seourity for i sheltor openimgs te the oudside may also
be aospured by such mothods ms aro necessary (vocden sitakes, oarthworks,
piles of stones, cbc.]. Logevor, these metbods erp not durable, ond
require constent mmintensnec. A » result, in conitrast fo thoir
apparent eaonowy, they oorve their pudposc wsther badiy. {Ses ¥igures
56 and 37.)

: ¥e do not soke su I shoelier pos-proof by malling up all openings,
——- ginee this rules oub the possibility of ventilating the ohelieor. ITowsver,
1y

we instail paswproof locks ab the opeminge,. ©rssin the interusts of

S o ymngiietion, chinmey otmmoobivns witidn the thelior e B8R BTG G e oo
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wallsd up, bub the emnilor openings, euch & craoks in the ualle end
apor copings mmst be genled with the prope? rotoricle

fpe cholae of the devicen 10 Be ussd in strongthening tha moof of
an 1 shelger will depond upon tho strucdurs of the oxlsting roof. 7Tho
bageponts of 01d houses in most caecs exrd covared wiih barrol vaulis«
In tho pust the dsbris cnpacity of thea® nan boon ovevcstimated when
conaidered ogained the fiet roof, The Tact i3 that the load on & barrel
voult, 1f distriduted ayonly, oy be inepoacoG to a grestor AcEree than
in o £la% reed withous denger of wraokings (n the other hond, the
unsupporied rldadls walls of o building sre in o ruch yore disadvantageous
position, due 1o %he groot veult progsuii. The load on the voull may be
$noponsed caly £ ovenly aistrituted. ihen the lced is upovenly
distrivuted the veull ia more seraltive then the £ind roofe In the §
gellowing scehion =o shall desl with %00 strengthoning of sholter yroofe, ‘

faking those points lnto concidorations

The Ixpmipetion of forpel Ypulis for Doprio Load

b

he excminndicn of borrel voultn, scecrdtaog to the old eivile \
dofense instruetions, uas wage by the so~cplled #31ine of Suppor” |
PLOCEUBy In this yrocess il wes necsasery to draw he auEve of & \
presused mifomly Aistributed los@ of delris, ef & gizo Cized bY

repulaiions, by exporimmis in cccordanee with tho Tequirements of the |
13nc of suppert procadde This euvye would remoin within the veulbe |
Thus the mazimun feasion sriginating in the veault pould pot be groster

thon the permissible tensione

|
! mue strongthening of borrel voults consisied of gupporting the
\ onult with boams slong its masbern, prosupposing thet sny reactions
| sould e tronsmitted ot the pupport points. In deternining the
| senctions, vhe curve found by the line of support process was used 1o
1, ach 8 woy thas reachions a% the poinbe of sapport were absorbed a3
| osxbapior forees opezative from polow upwardss AL th@ point of these
) concenbratod foreces the Surve proke. The brask could only te small,
‘ sinco tne curve could not lesve tho interior section of the vanit. In
this poy the forces oparative o Lhe supporbs were trifling. In viow
of $16 unavoidsble inacuuracy §n Greming the line of smuppord, the valus '
| of the Porcos $hup dorived was guite meertoin; and the Lach bhed whe - - A
1 tynses gers supported by sach @ force influenced docisivsly their i
! sizos. ihon @9% ir locgely tho Yrace &id nobhing, snd when zet dn :
| tightly 1% roiged the veuld, cosuslng it Lo erack. In bime many of the
. ( ISR wedees morksd loossy oF the braes Suttled into gwground; e w yesuily, —
a

ST . an mogt of. the bracod voullds, the cub-bracings were eozpletoly ineffcctive,
one brpeing of besmed roofs glves ek botder rosulta sined 6 ToOX - R

- 0 -
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bogus are much riove elastic thon voulds, and, in proctice, the wedglnge
in of them can be done rueh more easily.

Thus bracing of voults slong their members is difficult, I
roquires much brocing matorial; its vslue ig Gubious and, therefore,
1% will not be used. ¥e shall keep, in principle, tho line of support
brocess cerving for tho static examination of vaults, but we shell not
exploy the inexsob snd tedious graphic metbod. iie ohall use computation.

We moy stete the belanee eondition of the line of support JTOCEEY wm
the polygon of the lond will romein within an interior bend of the venlfee
in the following form, logically equivalent %o the proceeding. Tha arch
of the vault may be regardsd as a doubly-supported brace, supporied on
one sldo by & fixed joint, ond on the other, by o ewivel jolat. If we
consider the debris loed a load on tho Joints dlstrivuted in a straisht
line, the streos Tigure of the brace for the offeet of he load will
be that of an imiginery doubly-supported brace st a point directly
between the jolnts. Fe consider the rigidity of the Jointo in such a
woy that wo-gTosume horiwontel fopcen {¥) of on ogqual,” vut opposingsy
mgnlitude ecross them. The stress figure of thecs forees will bo &
figure relsted to a figure delincated by the straipht line of tho
Joints and the arch of the vault. =0 receive a stross Tigure for the
whole structure by a synopsis of the two Tigures, %o presume horizontal
forces, corresponding %o the theory of the line of sUpport, not from the
conditions of elmsticity, but by wmeebting the roquiremznd, so thet in a
¢roas section of the meximum stresses the interior tensions of the erch
will be less then the meximm permissible. Phile the normsl line of
support permits 2 shift of the centric force of the arch only within em
interior bend, our procoss fizes tIis requirement by conceding the
moximr atressss which tho shift produces. The ordinste of these
strosses will not ve proportionnie to the ordinste of the line of
support as uessuared from the center line of the vauld, since the centric
prossure of the would is shifted elong the arch. Thus tho distence of
the pressurs forces £rom the centor line is not proporvionste to the
above~doternined stresses.

In the following we shall expnine the relation of e ecrosg=soction
of a one-moter wide voult band, and of the intorior force burdsning it
agcentrically. The old imstruetions insistsd thot tho contrie forpe. .
should remnin within tho inner $hird of the croas-section, becsnse oply
in this wey sould 4t be oseurcd that the total ares of the crons section
not employed in pulling should be cmployed in ProssuUre,

w:. t-l« -

Abéaming to the new instructions, the force msy go Levond the .
inner Third o € point where the odys pressure wuilding up an tho edge

w7

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9



De ified i - iti :
classified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

of tho only purtinlly employed cyose sectlon acse nob exceed tho
perrisgible sensionn. Both inotructions ssgumed the mazniiudo of e
centric pressure to be ghvon, sud on this basis, looked for tho :
pormissible sxsorior position. In cxspining this problem, we shall
apsuns tho centric pressure o e unkntun. 8 shell colyoe Xor ihe
point st which the ransion of the exterioy Line ig the juat pernissidle
teneion, apd tho stross af centric force on the coater iinc is the
groatoest of tho poings. bere thero in s fores of suck o position, we
zay premue noxiru atressus of the cross soesion by adkoring to the
pormibtod edse pressure. {Sec Figuw 28}

Using the lavalings of the figure, the odge prSSUIS and the
styescen o the conber line DAY te written from the folloning fovialas

B o= X
2

Flininating « Svom she-Toruln-and-eclvin

o= %G(g_z“-za>
2 \2

2y this wo produse 4 @s the functiom of 2, whick, sceording o Z,
vecomes & Aifferantisl snd equel to 03 for iho pbove requiremeni weé ok
% = /4. By adhering Yo the vernitiad edge tension, the flozing stress
of tho cross scetlon ls moxiras when Sho sceandric prosours fores is
oparative in the inmer gusrber. This muppoaiticn connol bve mainkained
at %he shoulders ond &t the centor point of she avch 8% the sams $ipe,
because we prasexibe ke Semd strosces in the chonlders and center
point, the fongsr sites, though the interior prossure is greater im the
shoulder then s the conler. Thio fact will couse &n ineigaificent
exceas of the permittod tenmsion in tke shoulder cress-sectlons

sines the thickmess of sarrel arohes ia alwost pluays 1D oy and
eince the perwissible edge pressure my bs saken to be 24 kgfen® for
4+he Qcbris lood in only <ue justonce, oa the basis of the sbove conditicm
assuring naxiwun flexing stress, e raximm velue of the B gentric
o g e R EEy- S04 he ghreas of thie o the conter 1iné way eanily bo
doterminede. | G = 8 Eelom’.) {twice this the poFmatied vige TFREOE Sy
and the velue incroased DY 5% ic the gtross pors +3od In effoet in
only one instauce.)
e Tn-the Sollowming we sholl exaning 8 civouler srefi section with 8
radius of T above & spox of l. Fe have chosen o biredlar Beth SESRAIR -
bocpuse most voulss ers eiroulsr srched, Teking the center of Who

B Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9 |
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ciroular arch ag the 1ine of suppoxt, the g lond of ihe eireuler srched
soetion is derived wo follows, Prom the Tormle Iy® -+ a4 ¢ Of

2

4 = =
R . B

This g loaG uscc the vault for pure centwic prossure, but if the
gGobris load deviates Inoas the load am.nz; a puvrt of +this lins of
support, then stresses opise in the vault, the roximmm wlus of uhich
way not be groater than tho &0 stresees ea dei;ern.ned abova,s

;0 rendar the load dovieding Crom the lood forping the line of
oupport in such & way that we pdd ¢ seeond load %0 vho losé praoduced
on the line of suppork, The firpt mombor of the totnl formed in this
_usy osudes contyrie pressure in the yault, end the second mamber CAUSGO
flexing; on, cc"xesmnding te the line of oupport theowy, we poralt’d
dovintion of the centric fores in the individusl points of the arch
only to such o degree thot i%s strosc on the center line would be the
flexing shrens origineting in tho socond lead members. According to the
preceding, those streases sra the stress fizures of the sccond logd
member prodiced on a doubly-suproried brace formed by = horizontal
projoction of the nrchs For reancns of practicality, we chooss tho
folloving singlew-serber Fourier line for the sscond lond wember:

Pl B Py ©O08 B}x

%o ¢on cone very closo to the dircetly distribubed load by adding
thie loud, efter choosing an adequate Py, o the load of the lne of
supporte. From the wellelnewn formala fox

floxe 425 ~ Py = O

Attt st et it

B Thus accomirg 30 }_:giﬁ__n_q'ﬂatzv, the stross figure dsiribuded in
siriisy mAnner 1s & pavh of the diotributed lond, where the icad Tigurae
can be produced from the siress figuve by multirlying by the factor of

proportion, 4nS, Similarly, by “aL:irg into account tho indiroeily
<
18
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distpivuted lond, we produce the following load, with the streas figure
accomponying 1t in the prévious eames

. —
g = Foin 2 o » 8in 3
1 0 T =

In the two cases &lscusscd, $ho sircss and the lead atsein in
places the maxismum values of

coz 270, . 1 and sin Px = 1

T 4 e

1

raspocyively. Tho conncetion belwesn the g snd p losd ie shown in

Piguwo 359

Pue %o tho structurel Tormwtion of weulis, only the rdddle oection,
comprising about foureoizths of the sapom, i3 15 cm thicki theo seotions
as the shoulders each comprising sbout ons-sixih of vhe span are 20 €3
thick, This faet focilitaboc the atudy of the arch, bocausc the siress
ney nob exceod the permissidble limits only on the middle secbiocm, I¥
wo aspuno a voult thickuess of 15 on thyoughout, and if we preduce o
losd appropriste for the line of support on the thus desorminod contor
line (thw line of suppord) of the vault, then wo nay reduce botwecn the
1imits of the mombor the pavbk of the load which falls on ths peetion of
+he thickenod weult cozposents. If we drow the tengent im thoe stegeercd
progreogion of the hickening of the line of support snd this vemains el
1oast 15/4 or 5.75 cu £rom the odge of the thickennd wouls, then the
thickoned veult cections mny bo mithout s load, or they may o cncwibered
by any conditior bvetmesn tho line of support lced and non~losd. ThoTe-
fore it is oufficient to study cumly the middle vauld soction.

The sum of tha line of support locd detorminsd for the middlo
seetion ndded to the load on tho middle sestion, writien

-
-~

o
P, = P, co® an®
bt £3
ll'd
gives the nearly evonly distrituted 1load on the centoer assction, possivly
by @ reduction corrusponding to e Tho Pa oduction means thas o 4o
not ubilize the loed capacity of the voult to the exbreze 1imi%, ond vo
asswie smoller atresses corresponding to cccentriciby.

To judge the upequally disiriduied loné vhich may be pommitted,
- the losd forming o pard of the Xina of supporh ia edded to the load
-

along the span, Tg = T Bin 5%&‘_"; e
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Problem: What 48 tho losd capscity of the veult shown in Flgure 407

The open height of the vault 1s £ 2 1.20 =,

2
T g 8%0° o 4x TH = 4°35
T% L.20

The maximm lateral pressure snd styesses vhich may be poermitied
with tho dimenslons of tho croas-section:

o= 2% ® 112 100 & 13,000 kg
2

H = 15,500 0015 = 506 ukg

=
[

Tho walues of $he Line of support load sro:

X = &% polnt o g g 13800 = 3100 kg
, 4435 =
|
! . Geggt
| z = e% point 2°0 @ = 15,500

iy = &750 B
(205t - 20BF &R
The maxiszs value of tho load esusing flexing is:

! Po = H0B_&T5 o 1250 b= i

é.

The study of iho srousesscbion between the thin sud thick vault

asecedlon ist
) sian s 2700 x 0%48 coscg x 0888 § g Bz 15,300 kg -
4°355 ecnqa
Zecemtricity:
6 = EO6 = 0%W033n
- snm
5 w£x_ 150 = 24% k5 o
5{7°6 « oesji00 T %
- G5 -
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Fimare 42 dopicts the lond disgran on the middlc seotion of the
voult.

e shall consider two more loads which cause f£lexing, in addition
0 the line of support losd. The first is the ayrmobric cosine wave,
with separatc positive and negative values; the pecond is the antimstric
p5ine wave, also with positive and negetive waluss, The lood wave langth
af the sine weve is the wholo spen, since in o smuller wove lepgih tho
1ine of support would break ot the progression into ihe thiekmmed
seetian, or it would ouffer e grest change in curveture in o mwll
asetions

AGY load curve msy be asswed within the shaded srees shown dn the
figure; y~direcied loads of the curves, producsd by & diminishing to an
urbi trary point sre also permissinle. It is evidopt from the Tiguwre

thot the ovonly distributed lond csn be casily prodaced with tho figure
bordereé by the symmetric load; too, an “sltemstion OF the Tosd g - ¢ o— - -
posaible within a feirly lerge gap, while the vault will support only
a smsll unilatersl lond accordlpg to the aoymetric losd diagran.

The avermpe value of vhe loands is fairly lerge, about 3,700 ‘b.:g/mz,
sioile the deores states the nexismmn debris load for o six~story brick
otrusture os 2,250 ka/m2. This scuns thet the veults, provided they
are 1o formsd by basket curves or Soms other unfavorable shape, will
gensrally be satisfoctory, withoud reinfercing, for evenly distributed
' ilocads or for loads distributed on the center line accorxding to a
syrmstric wave. The wult is mors sensitive $o & unilateral load and
only slisht load éifferences botycen the tvo sldos sre possivle. Iz &
ecacontrated load, the 711l over e wault distributes Hhe load nlong e
treador line; thus the i1l {norcoces the load eapacidy. The study of
the exberior ond cenitral walla sorving to supporbt ihe vaulb is comneated
with the checking of the debria losd capacity of the vault, and nerves
%o supplement the cheoking. WVeults of ususl dinensices will suppord
the dobrie loed preseribed by roguletion if 1% is evenly dlstribused,
while meny ik ccniral ©alils evo not sdoquale for & Gonperous 4sbris
1cad in offect on only ono sids. Thosoe svells, thersfore, must be
sirengthened, TFor thod reocons mentioned earlice, the lateral prossuro !
of tho veult msy not be reduced by underpinning and the strengthening :
af the csniral wolls may be done oaly supporis. The ground will support
the outer walls suificiently if tho vauld shoulder is helew growad
level, ae it uoually is. 30 it is Dot necemsery O chock these -
_buttressing walla soparstely for s passive ground proesurd, sincs wd
A dosire pigidity Tor only a sRort £6¢iod spainst & GebTis Iood elfective "~ T TN
. under extraordimary cirvcumsiances. Thereforn, feirly great chenges of
i ghaps and, possibly, even the destruction of tho outer wells my bo N
: pormiesivle. .
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: If the voult io supporbed bY@ eontrel wall Standing in the opch,

A pho wall con resist the effeet of interal pressuxe only when o leod @

3 the ssll 15 oiabls cad when the resultond of the horizontally-dirscted

' internl pressuve semsing witpin the wall in the degree progeribed by

‘ the permissiblo edge pressurds whis condition is sotisficd, according

' to the old civil-defense {notructions, by the fact thet we do nod
prosuae the 10ad~dincharge fores oh the middle of tho well.

Thig justifies the sosumpbion that the posemont wall operaves es @
gdoubly-supported prop, supporised ot its baad against latorsl prossure
and fixed in the plame of tho £irgi-story £loor; and olso that the
centric pressure opexstive on the migdle of tbe well originelly is
shunted into the pressured sections ez B romils of tha fixing e% The
polut of gresiest pIossUve end the vresk which cceurs in the plane of
tho shoulder on the section dopicted. (Gse Figwo 430}

[ et o - epmem L ——

1ot us orgmine the shobilisy of the contral wall in tho leest
pdvantapgocus cape:  ¥hon, in o Couble-tract vaulted papement éivided by
a contral wall, the cellings over Cné ypnet collapes, ond the ceilings
ovor the other srs loft stending. In this case the sract rommining
: intoct dischargos the lead on the central wall, ang, in most cases,
i +hin corzesponds o Whe normnl debris losd.

Should botk tracts collmpss, the ogual o nearly equal lateral
presguyss from the ety shoulfers of cowml or nearly equsl height
balones cach other.

ohe structure bracing o ceabrel w21l shonld be of brick or conerets,
since wooden bracos cong 1o0ss beeanpe of drying-out or the caapressing
of tho wedges, and =ill, therafors, Sorve tpeip purposo only with
comptent reintensnee and restorings

o may now establish that tho vonlio, not inoluding tholr side
walls, will support the scbris load generally with s good bit eof pafely.
1P, due to dlmensions doviating from normpld, they 7431 nob support this
load, 4hen they must be strengthensd, not By Draces, but by dviding
wnlls, at lesst one and @ helf bricks thick, perpepdiculsy L0 the axis )
of the voult, and wedged ip sarefully botween the well sud the voulbe B
The gyound plen Gotemrines the spacing of the aividing mslls} bt if
they ere noeded for strongthening, then the spacing of tho wmlls shoald

Tt gt B0 grenter.than twisge the span of tho voulbe

The rost practical method of bracing contral wails is by bubttzesses

tied indo the mall with pre-tooth 1inks, This is & sxpeasive pelution
end my bo used only in excepiionsl cases. Dividing nells perpendiculay

- G -
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to the axis of the bayrel woulting mey also be cmployed for bracing
central wells, Dimensioning of ke puttresces is done in the ueusl
TANNOT e =

Tha Otvengthening of ¥lab Coilings for Debris Loads

The covering of the bosceents of tho feirly old structuren was
aomo, for the most pard, bY parcsl veulding, +hough scmotlimos prasalan
<iter voultings sch in placo vetwoen stesl braces are romd, Basoment
ceilings bully more racontly oro loyors, ribbod 1ayera, or thickly
Tibhed reinfoyeod oOROYOLE 1laid totwoon tho steol supporiBe

Stecl-Supportod Collingse The strengohening of ateal~supporied
aeilinge 15 done by plueing vraces g% onp Or BOreé poinis. normally, a
~aingic vrooa-pioced at_tne middle of the span, i sufficiont. The
Prusoien mitsr woults, if made of solid hricks, noed not be oramined
for debris losds spperately; weuldo made of hollow bricks, O¥ the S0«
called "streight veulis” {Reti-typo coiling) tmot be checked for debris
i1cads. In our discussion of roinforced concrete ceilings, w0 shall
touch upod tue exsminniion ond poosible pshrengthening of roinforced
eonerete lpyors botusen steel supports. In the carly doyo of roinforced
comerote eorpbruction, meny layer-ceilings wnde of Sleg concrote Here
wuilt supported vetween stasl braces or @lractly on walls, Thess
{ compoet-ceilings, mtra~ceilings) ave no¥ generslly in wad phaps end
reguire caveful study vofore strengibonings

sinee profavricoted conorete ¢oilings were seldom uped in the pust,
anég pince Lheisx use VT ghelters in now bLuildings ip neot peraitied, the
problen of gtrengthening this ype w111 eeldcn cccur. The antizs lomer
surinee of such ceilings nust pe covered with plenkn, and the planks
st thon be proyerly braceda

As & yuls, tho stool ceiling braces will not stend the ususl debris
1ond gnd mat be sizopgthencds By using a prop in the middle, the
originally docubly=supported steel Deom becouss & sriply-supported Droce.
By preswsing the shapo alterations remaining, the dimonsioning of this
ig mede for stresses of 3

B oz @2
T 13.68

in the spen @8 woll as ab the ppace. ©e sholl increase the pornigeinie
tcnBions by 6boTt 50%; singe U 1oadof debris will be. in effoct only. .
onea and the ceiling thus vurdensd xmet support the load for anly the
length of tine roguired to gvacunis the shelter. By the use of the

-5 -
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cenbrel support snd by incronsing E1s] mmissible tenoion, the load
caveeity of the steel boon incresces to npgroxinatoly sho ninth pert
[rie/ of the oripinol capeciiy. (sec Figure 44+) '

Tee strengthening dovice is @ gtoal oF mooden btean which supporks
tue stoal gimders ia the cefling, ond uhdeh ia in ture broced by 8
pilier or bimbore This bracing io affectivo ooly when the mupperting
vesm underprops the ceiling girdovs in such o voy thed 1% @ecunss ono
part of tholr load. This con bo done by dxdving nedzes above oF belown
the brace, if o wooden tiubor is used, or by insorting pedge-shaped
stecl shoots at the point of repone of 4he beams, if stacl-beaned
pillars ure usod. In inserting the wedpss, cere ot bo taken thet
thoy axo of tho vight ciszes, sgineo too~thick wodges will roise +the
poans, while too-thin wedues wil) rosuld ine porious £loxing ¢of the
beams Sither easo will produse a sergeture of the olament batween the
steel boanse. Hooden pracing wiil lcce iis offect in time boesusd of
the drying of the zood and 3o working logae of tho wedgss. Thersiore
eonsbent checking vnd mintonance is roguireds amother dtgndventage
+0 this typ brocing is thad, aus to its aakeshifs noture, it can
cnsily ve pullod doun oy Some OLheT uss, as post-uar exporiences Lavd
provele AD O rosulg, whon possibic, zironsthening of o sorn permansnt
pature is used: steclevoaned ualiod piilews om, if tho gromd plan
pornits, s0lid centrel walles. In gach cases, tho besms seoting on il
walls muat be fitted uith welaus, 4nd suiteble bess w3p3 bo pud wdcew
the tapporting AATictSe

neinforeed Conerdts Coilinmts The lced capncity of n poinforced
gonerete beem supporsed at Wo points com be ineyoesod by = brace [-31

the radle, in spite of the fact thob the coneroho bean Goes not have
an inborior seinforeing sulficion® ©n ahaorb vhe pegutive prossures
aericing above the middle trace. The iack of ho upper ateel ceusest 8
sovere upper fracturs in ke beo then subjected to & 1o4d of debric.
then this hapiing, the supporbed soncrobe boam acta oo tro Goublye-
supporbsd Draces, ipdependent of eoch othor. Tho frecturs hos no affect
on tro ioad ospagiby oF rizidity. The foot that the origioel ceillng
plens are ueuslly not aveilable, and, 05 o TASULE, she Fosnvoreing of
she coiling is uninoud, sskos the strengbhening of roinfopcod goncrote
¢ollings wWOIB aiffieult. In these gastt, we compute tho reinforeing

on the besis of the useful icad, proseribed by regulation, of tho
arrongarent of the ToCa abova, spd consider thig os the reinforeing in
&incnsioning the 2oubly-supported braces corned afber supporting.

’ &16'k’;éfuﬁi*ﬂ’m@ar‘r-é-s---iﬁai’fi@imﬂﬁ_mﬁ:c;,,,wéghmld e smnloved 0
meh o wey that of tho Thyes spons thus formed, the miadic span 15 S
lﬁi‘{ﬁegﬁo
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Roinforcad concivte loyers snd reinforced brick cellings aro
supplied with s continuous broeing, snd the static cutimate is made a8
for sn independent stes) bemis. The butbressing doviees nre the samo
ns for shosle~hepmed coilingo.

To hindor the inevitable fulling of dobris, the whole ceiling imst
ve sovared tith thickly vibbed clements rude of otiffened, profabricatsg,
or othayr thin olemonise #o moy judge the nceessity for the subeceiling
chen we £ind the condition of tho existing ceiling So be crucksd in
seyersl pleces and we apcoriain theb thove are loose olownis which =ill
fall sosily i thore is o concuusion.

The Jower placier coat of the coilings dn R shellers muat be
mocked off, but the plester on ihe walls may bo loft intact.

The Redvoine and irzonaine of 1 GholEeTS —

In principle, the fi%bing ond oquipping of i shelters iz the same
an for TC3 shelters, though ¢ few relnzaticns of rules aors pomaiticd.

Do THENGI SHEUTEDS

I on BN shellor cannod be installed properly sithis o building,
then tronch shelteva sre g3 up outside i%, Trench shelters are used
0 pro‘ect oubsinilelly smeller mumbors of poople thon TGS o Hi
#helbors, boosuse they du not bhave the advantoge of the ceflinge over
these %ypes of sheliers. Howover, thoy do bave an advontoge in their
disporced nrrangsmont rendering thom loss sonsitive to nearby hits
fhan tho large, conhected dasemonts which otend chove the swrfsce of
the grounde Therofore their walue showld not be underesiimatod.
©prench ohelbtors csn sexves thoir purpose only if they mre eplinverw and
air pressurc~proof, qualitics etbsined cnly in covered shelters.
Conooguently, oronetrench sholters, ihe aoe-called coozmmication
trenaiog,” will nod be enployeds These shelters pfford only o limited
omount of debris protection, bub thers is really no noesgeity fop #adh
protoction, since the frenchos oré outside the debris limits of nesrby
builéings. Thero will be no debric boyond thet coused by basba
oxploding in the growd. The trenches »fll ganerally efford no
profection fron gos, thongh they con boe wade gao=praol by inatalling
such sguipeent ag is nocessaxy. ) -

If drench spelters ore btuilt to scrve rosidepocs o groups of
houses which sre nod suideble for the insisllation of I shelbors, they
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should be constructod aser the homoo of those te be protected, or In
the oneo of dlocks of houses, in the centor of the aren formed by tho
plotz of the buildings which the shelier is to eerve, of n point which
can b8 munchiad in 4 to § ninutss,

Treach sholters proparsd for the workers of industrial installutions
or other arogs which will be in donger =must be buili as far tvay froa the
ondanpersd area ze possible while o$ill naintsinieg the timo required o
reach thone

The dlsadvantage of drench shelters is that thoy oxre usually of e
temporary nmture, sad LT thoy are unussd Lor a long tims, withoud
proper wmindensaeo thoy will bocome run—domm op deterdornted. They axe
primarily sensitive o moist carth, boeause over a cerdain poricd tho
nelat sarth will otieck the wood, brick, or reinforeed concrole
structure which supports the bracing mall on two sides and will cause

-it2o fall sport conpleloive

The pianning of Trench Sheltors.

Trench sholtors zust bo built with an infexior seotion of eboud
1.93 z 1,40 =, In & zig-zng or uweandoring line. Long, atreight tuanol
soctions must be sveided ond, when possible, the engls betweon adjasend
unnel secticas should be 120%. Seciions fomwd by risht ongles should
be aaplogaa enly when thers ig insufficlent reom to extond the sholtar
with 120Y snglos. A single ebraignt peelion ehourld bte no longor Lhen
8 %0 10 me ‘Mhres porsons zey bo scouzodated por ruoming meber in s
sholber wiih tho croscesection montioned sbove. Fsch persop will bave
about 1 5¥ of air, Thus in one straisht coobtion, 25 o 30 poople may
bo nccompdatod. ins trench sheliexr sysicn way consist of five strodght
geetions o% mosd, giving o mixbeun capecity of 150 peopls. For more
poople $hon thils seversl fronchos must bhe pisnned nlongside cach othor.
Tho distonce heivoon ths aves of zige~zog btrench sholiers having parellel
symetric axes should bor © ¢ = 10«80 B minluun. (Soo Flgurss 45,

48, 4Te) - .

To keep tmo sholders dry, the chelturs must be construeted milth an
approximsto slope of 5% in front of the entrancos, and they tmust b go
placed on sloped ground thet tho naturanl slope essures the slope at the
entrones. Hocmuss of the slopo then. the passngsueys zre slzays ot 4he

. deepest coction of tho shelter, If the level of the water table in the
vicinity of tho shelter {8 closer thsn 1,60 = {o the sirfoce, then the
erozn line of s wulted shelter ray be raised by one-half its interior
heighte If tho motsr tohle in beotweon 1.40 noané 1.60 » Yolor ground
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and tho ground i othorwise Limm {compaot cond}, aftor weighing the
looal conditicns the ground floordnpg of the ghelbor and passagewsy
soctions may be mofe of webtor-bight comcreve lnyers. In proparing
wator=tigat concrote, higheptrength ctment of ol loast 300 /v nnd

tho proper fillers (¥rilosel, Sikuris, fddzosal, obc.) must bo suployeds

In sheltors sorving more than §0 people, on ante-chewdor clozod
off with o gas~prool door and *wmo ontrenees is decimble. thore zors
than 75 poople will uso the faciliity, construction of & socond enbrance
is reguircd, In tho woll of the entrance seotion a chimmoy with sn

sortor dimemsion of 16 x 185 cn must bo build, with = oolum-liks
cxbencion protruding cbove the grouwnd on the outer walls & veniilaticn
plpe from the lobrine, wish & fluo sonncoticn from the intorior aves
mst ve instatled in the cheft. & chimmey comer soot for the stoye
must bo constructed on the upper side of the intoricr arca, ¥ moy be ®
neegasary to Mild s woll fireplmces Tho chimiey munt be oriended
ghove the ground and et be fitted with & cuncretd cover plito.

The flooring of the calroncs seebion should be of smooth concrete
or byick. The wslle snd the chimuey base should extond at least 30 ca
belo: the floor. A wabcr Gredn must bo buils ol the lowest section of
the passaga. The drein must bo covered with bars and $% omat de Titted
with air pockets o blow~through opendpgy S0 egualize tho air pressum.
To prevent $ho intrucicn of splatars imdo the sheltor, the onic-chacber
and the cheltor will ve ot right soglss to one epother. The catrance
aocws ohould be gasepcoof peckod doora, if poasibls, of conerate, Tor
$ronch sheliers with o cepacity of fower then 50 people, on emergoncy
exit may be sob up instead of o seoond entronce. Sholiers housing
more thep 100 poople must be equipped wilh en ewergonsy oxit situntod
at the niddle in edditicn 40 the Joublo endrencass Tho emorgency ozit
iz o windor opening cut of the shaclier siea, coversd with am epnily-
Tomoved cover nnd fitted with on lzom ledder. Tho opoming comnocbing
the gheltor with this window is welled in o mommer similor to the
emergeney corridors, and is morkod by on "Emorsomncy Titt sigp. Ths
ebolisr must bo closed off into scotions with s cspocity of 30 peopls
by gas-proe? Goors on bolh sides. (Sce Tiguros &8 and 49.)

Tn sddtion o 185 oun woipht end tho woipht of i1s oarTih GOVER,
the coverad tronch shelter mush be plennsd fop an evenly-distrivaied
lozd of only 200 kg/m, fqho shelter should be so situated thed 1% is
romoved £xom saln strosts. Tranch sholters mast bo situated at &
distance from the extorior walls of bulldings cqusl to o5 lenst one-

T T T T hndE fio REIFHT ei';m\':”orziiw[,sig o T TmmomemTm o on o T
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and the grownd im othersins fira (compset sand), oftor weighing the
local conditions tho ground flooring of the shelier snd passagensy
asesions msy bo made of woter-~tighi concreta layers. In peoparing
uator-tight concrein, hirhestrength coment of of least 200 kg/ev and
the proper fillors (Trikosel, Sibupll, Hidrossl, e3a,) must be employed.

In chelters Gorving more than 50 people, on onto=chembor closod
off with & gas-proof door and wo entrances is doairable. dhere nove
thon 75 vooplo will use the faeility, conshruction of o sceond anbrones
is required, In the moll of the enirenes section & chirmey with an

sopior Gimeusnion of 15 x 15 cu smst be bull, with e colunelike
extension protrufting abowe the grouné on the outer wglle 4 ventiladion
pipe {ros the latrine, with o fluve eonnootion frax ths intorior avea
st bo insialled in the sheft. A& chimmey eomer seat Tor ne s
st be constTueted on the uppor side of the imterior sres. Ib may o
necetsery to tuild & wall fiveplnes, Tho chimmey musy be crlondad
shove the ground snd smst bo fitbed with o concreld covar pintes

$he flooring of ithe catyonce soebion should be of smwooth cooperate
or orick. The wells st the chiuney bose nhould oxboné o levst 3C om
bolow the floor. A vator arcin gk be buils a$ the lowvest szeiion of
the pasoago. The drain must bs coversd with Lavs and 1% vmuet Lo Titted
with eir pockets op blow-tirough oponings o cgqualine o air yreasurde
To prevoet the intrusicn of oplintors into the sheiier, tho enie-chamber
and tho choltor will ne at risght sagles $o ono Quoihor. The entronoe
dcorp should be gas-moof peckod doory, i possible, of conerate, For
$remeh shelters with o copacity of fovsr than OO people, en enoTZEncy
exit ==y be seb up insioed of & gecond enbranot. onslivrs housing
more then 100 people musd be equippoes with sn staTgoacy ezit situnted
at the riddleo in sdditicn $0 the double entrepces. The emprpoacy exit
is o windovu openinz cut of tho shelier arew, coversd with an €nsilye
yemowet qover ond Titted with on iron lsdder. The opmuing conncobing
the ghelior with this 2indos ie ealled in o meomer similer fo the
emprgeney corridors, snd io marked by on YEnSrgency Tzt sipn. The
sholter must be closed off into soctiona nith a capedity of 80 peepls
by gag-preof dcors on both sides. {(Cee Tiguren 48 snd 29,)

Tn addition 0 ito owm weipht end ths veizhit of its certh covery
the covosod Tench sheltor must ke planped for en evenly-distridated
losd of only 200 ky/n®. The sheliey should be so situated thot it -is-
romoved from main strects. Txench shsliters mst be situsted ab o
Alsctones from the extericr valls of mildincs smel to ab lsast ono-
half the height of vhe cornice ﬁiﬁ .
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The Exccutlop of Trepch Shelisrs.

Po evoid creesaive loopening of airt, the trench pey be dug only
ae wids ns nocessary for insulotien work to Lo completed, In fm aoils
tho side wells of $he tranoh ey be vorticnl, wub in loose soils
bracing muot be ucod. Tho exeamtod airt oust nod be piled up a¥ the
edge of the trench, heesuse tho wall of the treunch &an be colluapsed
eeeily from Hiio leads Tko geound covar of tho snelior roof should be
about 0.50 m, ab most 0.70 ny aith a crown % lsost 1.0 m wido, double
slopad ot & minimm pidch of 1:2. If stong or brick is availsble at
the construction site, it wmust be usod to give on ozire cover over tho
sholter, of least 20 to 50 ez thiok. This serves o provent tho
pepotration of firgbrunds.

Tunnel sheltors axe Pitied with a drein wnder the surfses 0 god
»ld of inserior molature; o ot zid of exterior moisture, Tum-ofds
are need. Sines insulstion is necomsaTy ogolinst both interior and
extodlor roisture, the insulation is put iz ploge on e autward eifse
of the mmtorial which forms the interior cross~section of tuo sholier.
Tor brick or concrcte conatyuciicn this insulation le o cwab of
ineulading mowbar; and for woolcn etructum, more sensitive to .
moisture, it is & cemented insulatod shoot. The insulstion of oholiors
. pascabled from prefebricaided wiis of watop~bight concrobe is ainpler
and choapey. In theoe sholbers tho only insulation negessary is
mater~tight pocking st she joining pointo. (Soe Figuros B3, 5}, and 53}

Pponck Shelter Equipment

Thore chould bo at leest ome pi¥ 1atrine in every intoricr ares.
For vonbiletion, ezch imterior aree should have 8t lcaank thres 0,18 X
0.15 m vontilation pipes whick con ©te 1ocked with o goomprocd dovice
fron insidc tho rholisrs

It way be neeessary to otring clecbric lights fn $he chellor, Tho
pooaidiiltion of cmEErgRnCY 1ighting must slso ba eonsidersd by
instelliag ehelves for condlea.

_ Bince the fronch cheiters sre oubside he resilences or wepking
placen of those Lo be protected, and siceo they must be yeached ia Wos
daxk in the svond of m night reid, sigas or #ircebional dights w
pasure propor ordentsticn in 2he -dogk Bust ve got up for quick 2nd
uninterzuptied necosss -
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Beeause of ihe sanaitivity of tromeh oholtors %o zolsture, thoy
TOMire on oxtra smownt of maintensnes; wost importent of which is a
frequent airing, @Bpecially in the poriod fmacdinboly felloging
construction. Craockud insulation must ho »enlogad lmedistely end
woter which breaks shrough the surfnee rust be droined off; thoss
things can cause thy complete collapan of a ghelter,

The rost cconomical ang quicidp-built tronch shelters are 2ormed
of ready-nde reinforeed conerate unito, thoush they have the
ondvanteges of beving o be prefelienisd ot & plent snd of boing
difficuls so travspors %6 tho site, becsuse of fheiw large size ard
' grant weighi. The wanlsed brick sholter is more &ifPicult to conubruet
! and inenlste, bud i3 has the s@vantage of Tesuiring no gpseisl
| ceastruction muterisle, The woodsn shelier i espeelslly vesistant o
i ground Lits and, therefora, is best of the thres, but the 4ifPieultios
of procuring weod sng its wnsitivity o moigture T2quire shet this
type be sparsely used, - - -

o Ee  Specinl-Purpose Sholters

Safe, properiy oguipped sheliers munt be built 40 assure thad civil

. defense comwsads ang certain groups in importont institutions otn oeITy

S oporsiions Guring sn olarm, The shwlters built for the instituticns
have srimnsonenis varying eecording to thoir RIpon6. A5 a vosulg,
&eheral principlos for iheip catablistmont cormot be Set doim. However,
the shelters sorvieg the oivil Gofmse corands are proparsd itk
nogrly identieal erymy Ementy, fixed by ¢ivilegafense procedures, end
aenersl guiding prineiples con be Indd gosn for thoir ostabliskrent,
This is also 4rue of mieipsl aig stntiona, public sheltiers, &nd the
¢Gmand =helters of indusirigl pPlamise

Eumicipal ¢ivil Defauso Centers

In towns and lerpor cities ¢he bighest mmicipal efivil éefense
contzol originotes in the distries (Eerulet) pivil dogenss eontoTE.
Therafers it i espeglally inportans thet thess be safe, 1f vossiblie
borib-proof, in tho interest of s coutimuity of defarme, Because of
the roletively small staff of the individusl comands, the comstrucsion
of seporaie bab-proof umkera is rot economieal. Theso eocamd avenpe

- fhen should de situsted in 8xisting bawb-proos gaxllerics 17 poasible, op,
laciinge these, in TGS shelters heving suffieient £8T0%Y and pomsaena

T TETOR endangtred areas,

NN e Y par vy

Pz S
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Tn chooging the site of tnu civil defendt contey, 1t 18 pOCEISUTY
40 tghe into accoumt the possibiliiier of the most ceonocdcal construstian
of cormmmicotions ines snd tho poscibilisics of ‘he ncoons LIOD, and
tho surveying of, the avon econprising the cormanGs %he civil-gdefense
contor saeltey Giffors {rom obher cholters in that it operaies net only
auring on sloTm, bus also day aand nighd guring civil-delenssd acsivity.
Conpoquently 1% mot bo oryengod in o nay oulinble for continuing 9¥ayle
Propor tEmporotured por tho living quarters met bo ossured for yowi-
round Goy ond night operafion. The operationnl aress pust bvo insulsted
agpinct moisture and imerior vapor, in the interost of provecting tho
gensitive sleetrical eguimoent plaged thers, o8 woll as for conlorbs
ohe pumbor of people staying in the shelioy nust for the bosis Lor
sotting the oir ond space roquizenentss Tbo intorior sir spuce sghould
be oh leest oqusl %O 8 705 ekelter Luilt withont o filter, In cdddtion,
m oxhaust-Iilier menine must be ussd in each cacde. TG ovhnusk-£ilior
oguipsent should bs ©o loeaied thet the neiso of its mptor will nob
disturb worle

AS in & TGS sheller, the eiviletefense chelter consists of 0B HRGOm
chember snd intoricr areas. e inrgost interior arog, joeated in the
ceptyal section of the sheltor, is the enalysic ok, with which the
signol Center /Hirede Kezponl -= apparontly o specific suporior was/
1g olosely conncched. Compleonting these tup rooms ave the offico,
offeduty Tooms, and the rood for the exterior civii-dcfonsd poraernel
{0id topms, rubdls eleonors, sanivation porooanel, otce)s The snbo=
chanber should open airectly onto the spnlyeis room, bub +this room
should-nokzserve’as & corridor into the FoomS faether on, though iv
showld cormacs to the rocelvor room {commnicaticus center), 0320
roachod fyom the antowchambers 1N adfition, thero should be mccoss Lran
she snolysis roam into yhe office snd from iho comemndor’s quartors into
ghe roon sontaining the radio ond alsm equlpent. Fhe chopers,
personnel guariers, ssockroom, maching TOOM, atos, chould ell open anto
tho nnbowchaber and should not be commcotod 9 othar rocuDs (560
Figare §3.]

The most expensive soctnicnt equpmont of spo civileGefenzo center
ig in the aosolysin roo and in tae toleplont FOODs Therefore thede
sooms Should b8 & sepapnted protected placus whenee enBTEORCY exits
do not open on the outsidas Tho commmmicatics equipmmy ond the
suitohboard which operates ihe plows syston should be protected with
splinter-proct wollo. Tne telephons aporators should work in sounds
proof boothas tpeir roporta should e hended through 8 mall window
4nto tho anslysis OO Geod sound~proofing i5 wory impertant
Lecauso_the nolse of £alking 9itl dicturd otheys snd make the sorvice

e Ttenit. e e .
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ohe pnbewchamber and the opalysls row chould bo lavgs, if poasible,
: aines couricrs and othor porsonnsl will arzlve in the ante~chombor and
‘ @it thore. The minfmum ares of the enalysis room should be 12 60 14 o,
I% rust be borne in mind ihat the commnds of nsighboring districts noy
s interruptoed, making it nocengury fop tha oxisting comwands Y0 toke
over thoir jobs: this will be posslble cnly if the conter io planned for
. a largor exss at the hogluning.

Doeaupo of the copsbont work of tho center, wore comforts for fhooe
gorking there st be sssured bhen in TG3 shelters by tho propsr lsy-~-out
ond oquipping of the swator. Fhorefove the sholtor et be squipped
with runsing-waicr shovers ond fluching tolletss ond all sho yoors msh
bo hosted by hoteuates supplicd Lrom on indepondent woilor. IZzezgeney
lighting pouersd by 8 stopage bathery ympt also e gencidered, in
addition Yo the clectric lighting powercd by outolde sourcos.

9his prineiple Dust be borme oub in vho dntorior equipment, by
instEiling soedoTieble Toloy-ckairs, nnd Soblose It 1o not absolutely
neosssary that tho porsonnsl guarters be in the cholisr uneor iR civik - —
defonse center, but they should ot leest be loceted noar the sheliex
in the duilding ebove the centor.

If other sheliors are oloo loonted in the basonent aren shers the
! civil-dofonns conter in 5o up, their ocesss routes should a6t soincids
with the centor’s sueoss rouwtec. The line confuits should xob ontey
the shelter 1l ot one plees, bul, rather, et geverel polnts engpodite
wolls, 50 that i would require sovoral nedrly dirsct hits to oub off
a1l ths conduits. Spoclel cors must be glven to setiing wp emdrgéncy
oxits, and if loeal condiiions hompsy €ho inastolintion of these, thon
mmergency Wminels or vorticel emorgency czits must o establiztod.

phe ccmmnd sholters of the lsrger industedal plonts ere similar
to the civiledofanss conpysro. In these plont shelisrs tho alovm ad
commmicabions equipment 15 simplews In theso sheliers Ube copeitive
plant equipsont (electric and colorie pouer moohines; obc,.} is placad,
an sro tho romoleecontrol instruments snd suok oid equipment as is
yropor for the nature of the ploat. Oince the industrial gemmend
aholtor rmot be within thoe endangorvd eroa of the plsat, 1% zhould be
made bab-proof if posgible.

1 dofansc aid giotion iz the bridge botneen the dempoyary
o waich ndsiuister fivey nld, spd tho hooplials which give

, -85 -
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troatmonts extonding for felrly 1ong perioda. Civil-docfense pid stabione
cuot bo ostetlisked, since thore 41l be o nced for many emorgency '
oporstions follouing an gir rald, sud thers will be insufficiont ticge
for many of She wounded to be srancporsed to the dlstent hogpitoloe

To thie end 3hs aid stotions ghould bo o 8ot up thet thers axe
fneilisios for docontaminatlon, medtenl cxoninations, snd surgical
operotions, & woll as facilities vhers the sick may rout for a few doys !
pofope tholr tranafer 3o 8 hotpltel. !

\

! Since the sid ziution will serve both sounded ond pos-contmerinntod |

‘ casuelsies, the lsyout musi be such g to prevont the entry of gas ‘

oscatamination from outside. ehip ie dono by having the sick peoplo i

cams in the "condaninated” entroncs, whors, ofter ndnission, they will i

plsce theix clothes into o Goccatemination wnit oguipped with its om |

gontiletore Thoy will then pess shrough & shoger-bath in%o tho :

oxpmination Yoome IE the ozominetion ehows that further troghmeat is |

—— nenacessmey, the madient dons his now~-dogontnrdnaied clothes and |

goparts through = sterile exit. It 15 of Vital luporisncd, then, ey i

the “embenina¥ed” antrance cad vho sterile oxi% within s bullding nob

o dirvecily commeetsd, snd that anyone hawing coume throush the snbtrenes
ba@able o Toseh the exit only vis +ho deconbodipation 1O0D.

I further treatwent is nosohnaxy after an czsminabicn, the rotient
steps fnto tho dressing stodion noxt o tho cxmmination Poow, oF inbo
$he proparztion 1o0n nexs to the dressing station, and shenes on into
the oporeting Toom. Aflew tho oprrotion the potlond is woved into the
menta op womtm'o werd 1f he op ahe is to remain of tho sid sbtation.

In $ts bebie layouy the aid sisticn aongists of thres major TS
1} the iabogral geouping of the regeiving, Gocoutemination, exsminabion,
proparaticn mud oporabing rooma; a) 4as men's and posnle gards and
the nursing rocm, abtached o thesoy end, Tinslly, 3} the tisiness ond
sdministrasive seotion, ecomposed of The kitohen, pentry,office and

‘ dootor's Toom. In lorger sholbers it ig proforsble to seb up en
ioolation poon fo¥ nerys cmaes O others roguirving quiet sarroundingse
Tha three groups esck fora elosed univs, wost espocinlly the fived,
whors $he srommpoment of the romis oo aftor the other must be msinteined
without foil. If conditions desmnd, tho three prowups moy b8 SOESGESV
ramoved fzen oach othor.

Pho aid stosion st be conghructed Tor the dogree of eafaty
. roquizred of TGS sbhelisre, and special core musd we taken to gusTd agelinst
e ( the health-dotrimontol effects of placement in the busewenb,
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Fyblic Shelters

In poricds of poak $:nifie, sholtors of Maildings along tho main
clty routes would be insufficiant So acccmodatc the pescorseby in the
erca. Thorciore public shelters rmobt be o6t up slong the busy stroots
for the uoo of largs groups of prople. Dosides proporing public
shelters, sheliers must oloc bo 89t up where there ars groups of
singlo-story or basemsntless residencos, for vhich it Is impossiblo +o
csteblioh TGS sheltors.

In choosing sites for public sheliers those local conditicns shudch
will afford more protection than a TCS sholtsr muet be onploitod. Such
conditions {caves, gellorics, etes.) ove usually removed frcs the busy
sootiong of tomn, wub cxporience hgs showm that the populace wonld
profer these, ovan fhough s longer timo is requircd %o regeh thanm,
aince thoy kmow thnt such shelters offo¥ gresior profacticn than
| chelters 1n recidences.

|

Above=ground, bombenroof bunkers axe vory good for use ag public
ghelters, Thesc con be build ot the most suitoble gitos in She city,
although to protect the popalace sdoguately bunkors wenld be required
in such numbors ng are imprectical from on economic stondpoint, Thers 1
is © denger in heving 00 fev bombeproof public sholiows bocause during
on alaxn messos of people gresdsr then the accepisble pamaeity zould i
flock in. This would resuli in crceding snd panie which can endsnges [
livos, i

|

Therefors most mmicips) public sheltors will be seb vp in
oxisting bolldings. fdithor budldings hoving a large basauept, o
beocaonds of rogidemecs bulilt Lor workshops or storage ere cuiteble
for aptbing up public sholters, The protpeiion effordsd by sheltors
uwder Sinboyad surfeces 1s much 19ss then thot of TGS sheliers sot up
in the basements of houses several storles high. The Gopth of #n
ground cover snd the fnmdfficient thiclmess of tho zoof will nok
proboct against o dizoed hite A single divect hit is encush %o
completoly wvipe cud the sholter, becnmuse large mnosos of poople ors
orogded togetber in o smrll arse, Tronch sholters conotzuetod vith :
the arrangexents givon above sre bodh much chesper and mush safor then ; .
150092, ;

The basic avpangernent of sheltors built in ezisting bulldings with
tho dogyran of protestisn-offercd by 105 -chelieors uwre nob much difforsnt
from tho nomml arrengement of TGS sheliors, exoedpt that a coparate

_Tocn must bo assursd next to the anto-chamber for fhe wes of $ho . . .. .. . -
comrander, chorged with the control of the ahelier end the mminteining

ettty

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

Vs /

of vder. If tho enpaclty of the public sheltor io mors thon 150
! people, soverpl shelier units must ne et up indopendent of each otheTe

Puring an oleysm, people who are vob familiex with the sceoss voubtes
will use the public shelters. Thus sa importany roquisite is tho
plomning and arvengements of {hoge rouses, ag well as & oleny varking
‘ of thom, to assure quick occens. Tublic Pronch sheltors buildy in opon
; areas mot be 5o situstod and formed thot they can be reached auickly

Prom any dircedion, and $hot they will meet sompletely the requivemenis
' of pood trenck ehellers.

Civil Tefopse Sheltor Chambars

i Sheiier ohombors nro preparsé in industrial plents and other

. endangerad avean 40 opprete ss damnpge obssrvelion gtations durisg en

alprm. The role of & éamage dhsoryor is do observe R0 outer syes op

I pho interior muehine avesz, ond to report by telsphonou %o ths authority

' - - EneTROd Uy DETOR,- suplonican, or othor damagos noted. thox sholtexr
chobors are iveated outside, they ere on bulldimg roofs or vb other "
clovatod points Prom where fsirly large arcas cun 1O 58n. ithen they
are inside, thoy are plagod asar the jenchines which will romsin in

i operabion during sn alamm. In looating sholier chambors core nust be

! falen that only o8 meny oo necscsory ave used, and that thece gre

‘ placed a5 the best cvssrypbion poluts. Tho shelter chasher must ©

| safe frem i pressure, splinters, snd debris. 7o schievo pratecticn

| fron air pressure, ithoe sholter chember is built so that 1% esn bo

gealed airtight. Tho shructure is commested w the building structurs

| above op belaw in such o way that it canbot be upaet by Gir Prosourte

‘ The problem of safesy feom debrls in shelier chumbers located within 1

{ or next o tuildings ¢r in the open is eolved by the sepil mize of the !

! chambore Tuo o 1tc splinsoreprool construchlon, this type is usually ‘

surfictent in iteolf. Docnuse of ito swll intorior dizensions, Tho

shelter chamber will sacomodnte two, o, at most, thuoo pooplo. Splinvey

; protestion is asourcd by the side walls of tho chambar and the zopf

f formng an indegrel wnit with these, and alao by seroduing walls in

|

]

|
foons ofy and overlapping, the enirancd. A shelier chomber consixucted i

. with splinter-proof walla of the maberials and thickucases given in the !

. dincuesion of splinter proteotion will most $he necd. Howewery in |

yraetice, inoyesd of brick or conoreie wolls, cheabors axe 72i1% alnosd !

exolusively of veinforesd concrato. With cement of 270 hgfmd, the E

reinforced concrets chould be at least 25 cm, end, b mosh, 35 om fhieke !

T8 the cubie polidity of the concrete reaches 500 kp/en®, o well ;

shickmess of 16 om i possible. 7 o -

o e g -

- ED -
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Upunlly tho cholber chomber im of a cylindrlceal shaps silth 6 conie
spherical terminol voinforced by the side welln. Alr prenssurs elipe
avound the sugfocos of the sphore thus formed, and its zenl offect Ga
tho charber is loss than Af it were formed of plone surfaces. Thore
aro cboervation ports in tho cylindrically abmped ymils ab seated or
stending cys lovels, Tho obsorvabion porbs mist do cub oyt of eteol
shoet ob 10ast 20 zm thielk, with the extonsione of $ho shest cemenisd
into tho coperotn of the sholterss Tho width of the oponing chould be
no more then © to 12 cme The oboservabion purds mant bo Litted with
arall, hick glacs, sheclefromod windows, opening fnsord and sir
prosourceproofs In this uny the exberior glass surfsce cen b2 cleoned
papily by oponing ke window from inoide. {Soo Figwre £5.)

Tha roizforeing of tho shelics chexber io of #6 te £0 stecl
rounds, in o § x 5 oesh networls whick must be placed near the aurince
of the woll lylng nezs to the porson or object te b protocted. It iIs
preferable $0 $ie the reinforeing network into the aide wells by
msane of Siwops, oxtondlng fo-the cuttr cfge-of the wall ané holdisg
40 the 5 = © notwork, aitunied every 60 em in chockerbonzd fosbiom.

! To bulld the sheltor chorboy of \etast sheet would require steel
| nheos 36 to 40 1z thick to b6 splintor proof; this is not cconomicesls

I tho shelter chombers ove joined $0 a wall of o bullding, om
are adjocent to reinforecd comerete pillars, the chambors st be
died into the walls or oillays wiih $he proper veimforeing. Shelver
chanbors standing in +he opon must be bulld with o bLase fyeme wide
enough that $he commop conter of gravity of the pbelter end 15 haso
! fravs will b9 woll boloyw the surface of the syound. Sheolitsxr ghaobors
locaded cn building roofe sre commected to the walls or the uppermoct
TOOE bOUMe

fha door should bo & roipforced concxets or a steel shelier doon,
ety in on snglo-iron cosing vhich has been tied inko e sholtoyr concrotde
The supfpea of the door opoming out of the choelter in £lst end therefore
does not folics tho curwoture of the cylindrically cheped chamir.
gplintoprwprotectivo vells must be buils in front of the axlrences by
he mamo mathed used in acnebrueting the wolls of tha chowmbers Agegss
$o dhe chombor Ay aloo be geined via o lower shefd by broaking throngh
she ceiling over it. In tids csps the chevbar i elossd on 81l sidan
and tho catrones door is ix the chaft wall on the lower surface of the
— charder. This well lo bulli of the sarw nuterinl os the chamber. In™ - K
A gsuch an insisnce the splinter-proteciive wall in front of tho duor may -
" 2o dispensod with. [Ses Fisure 57.)

- F0 -

"
!
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Shelger chumbors placed in lntexior wovidng srens should bo
aitunted, whcngver possible, ok wall junetions or other points wvhere
tho oulsting exterior walls of the puirding will afford protection
from gplintors £rom cutoide. Sigce such o Sholier iz coznscted o
e wells snd vould offer obscrvation in only ono direotion, it is
more proctieal to build these In o square rother then o circle.

Tolephone 1ines soeming iobo o cholter chibary sbonding in the
open should be laid in upderground coperote pipe, LroRght into the
shelier Shrough on underground antyrya

thelter chombors o9 no% poee-proeds repsomel in the chasbors
| should be oquipped with gec rascke oo provection against poicon guooss

URCHANICAL DOUIRENT (F SHALIERS

Seeuring Devices for Opemings

she doviess which ave used 4o seeyrn openings do not reaily bolong
undor meehanienl couipment, but ve hevo inciuded ihex hepe for o wniform
ginauosion of $ho builtein oiocl Tittingo.

ey

Ths devices umed in o sholter to soowEm oTenings ars:d

1., Whe smimance or "ente-chocber™ door, lseding into the cholter
Peom the oudside or Lrom within the puilding:

2, The see-spllod "iantorior area® door, e dooy or dogxs conneeting
the apte~chorbss ond interier aren{s) o botwcon intarior arons.

B 3, ftho "erorgoncy oxit windows,® tho deors or windous clesing off
f tho cmergency oxiis.

|
A Tn contradicdion o the 0ld deexoe, the vericus seouring dovices
g for shelter openings may nob, oa the bosis of varbime exporiencs, be |
sonasdered splinter-proof. Those sfford proveciion oply ceplnst air- :
i prossure tnd gns. Those openings are zade spiintor~proot oaly by
tuilding splinter walla in front of oF beaide them.
ve way consider the deviess usél o svcurs Sholtes-openingd .
g splinter- and sir-pressure-procf when, in on interior locmtion the ouler
e+ e - - Gonmn ews 28 3 £l dsesity, neotented by splintor walls ond, in thl’mi's
stending in the open vwithout splinter walls, the doors ave of S /0%

o ol e T e, 2k

- FY -
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and ghen in both cases the {ocking Govises will withotomd o static
pressurs or suction of & t/mg; The exsorior doors of bagb—proof
Fhelters must be plomod for a ctotlc presure of 10 t/nP. E

g0 pefond proveciion fron ad» pressure the securing dovicon must
pe built in with creat corce The oztonsions which scrve G0 anchor the
angls iron cesings oY not be cut off ox shortoned to Pacilitate
ipstalledion. The fronss st be sot in plece bY imbedding the clawe
%0 the concrete, and WY caerefully £11ling the sbrips hotyeen tho
foave and the wall with gonend Moriars

To generel, the door frenos exw in ¢ae oatoy plens of the wnlly
so the lockdng devicos o not orminate in the iunderiorw a1l grotves
when closed, bub rother it tight ceainet tho wall. Locking doviess
iying 4n the plsne of the woll grooves moy be used only whes this
plane is ot least 20 /pigl beesuse of &n ability to be roiged above
the edge of the angle irm lintol, Noremlly, the Qoors shourld opsn
“GitEATA fron tho shelioy imturiers ¢nilic this IS on KAVENTEES Sl
sgoinst gir proospuTe, it 1o o Aiscdvensopge against air suction sad
spaings the blecking of ihe door by debris falling in front of Ste
The gcheis-diveriing canopy prooently in use or @ chambexr oponing
ontmerd oround su emergency oxid nindor such blocking. If 8 Gobrige
ddversing device camot be dovised, the epirnnes doors end emsrgensy
axit windows will have %0 open invanisa

she oponing loaks ore mede cos-nroef by rubber picking cunk inbeo
srooves made b the vordes, The rubber packing is zas=proof only vhen
1% strodches well olong the door frame ond the ends of ke packing
in the ovened groove joln perfectly o cach othere FRubbor packing
may bo ussd OVer 4 ieng poriod oply 4T proporly nsinteined. {Sea
Figure 58}

Tyo pteel bolts, oquipped uith intopior sad exberior leweTs,
asrve to secure $he opsning lockn: these hold o sho elaws which axe
unlded %0 the ongle iron {romd. (Ses Figure 5%)

The interior mensuremonis {fyxss frowd gimonsicns) for the ante-
ohsmbor ond the interior ares are €6 X IBG em; for the small eXOTEERTY
exit windows, 70 = DO oy wnk IC¥ sho lamge eoorzeney oxid windows,

720 = 60 cme

The dovices to escure the opanings may pe_of stesl sheet, roinfopesd

sanerete, wood, or various compoundss Rorpeney-oxit dovices of shocl
shees wilk bo uoed oniy in DoEmpEeof o Giher impoviend snoliora.

-8 -
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The emsrgency oxit windows and the doors of T0S sheltors which
opon onte the outside should be reinforced conorete to sccure the
openingse The snie-chombor ond inbtorior arsc doors which open into
these areas Ifrvom withia the bullding moy bo gasw-proof weods Any
cracks in the wooden doors mst bo made air-tight, Tolt strips will
be uoed to got an alr~tipht scal bvetmeon the frome mpd the door. If
necesssry, when trected thusly, any sort of reguler plonk or drassed
wood door my Lo considercd ges-proof {(G-4oor).

The regulation HOSZ 800 [Fegyor Orezegos Szabvony: Hungorien
Hotiopel Nogulsiion/ procoribés the shelter docor structurss, thelr
safety roculrements, and tho meons of testing those requirements.

Shelior Ventilation

An indispansible cadi%ion to the ussfulness of o cheltor is
P that ths wly negessayy o2 sustaiping those inoids sust bo zoourcl. _
{ This air rust be pure to bo suitable for byesthing. In addition, the |
eir should not bo in such & condision that 1t brings sbout a senscotion :

of OpPpPregsiviness.

The vitiction of the shelter air can bo traced to both oxterior i
' and intorior ronscnS. ’

Conteminotion of the shelier sir from outside sources esn be
coused by poisom gas vapor, dust, redionetive particles, and bocteria.
i %6 pay also include the case when tho oxtorior sir is hoastod by {lemes
! or vy indirect heot radiation to a point whero it is unsuitsble to be
: fod into the aheltor.

Exhaustion of the interior seir supply is csused by the consumption
of oxyegon and ths production of carbon dloxide by those inside the
sheltors An inercose in the tempoersture end vepor contont of the
ingerior sir mnkes the shelter uncomfortmble. Thess things are coused .
by heat produetion znd giving off of moisture by the porsons inside, or '
oven by other scurces of hest {lights, motors, etoe)s ;

In cuse of dnnger, vitiation of $le oir by nn cuiside source is :
couszed by ofither blocking off the outer air, or by using cir filier~ H
ventilatien equizmnt. .

e The shelter ic completely imolated by its dsvicoo for securing
openings, the onte~chenber, oad, possibly, by & sliding leck en e
bhuilt-in ventilstor.

«
ettt aabin e o ot] mta et o

PRSI
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The complobe isolatica of the sholber guprds agoinst oll ezterior
witintion. Howover, spacial core sust be token o8 regerds the rubber
macking arcund tho dovices which cecure ke openings, 38 emek~-Lrao
plestering of the gnlls, in porfect vocking of pipes which may Tun
through the shelter via holes in %he ehelter wells, and in eny other
condition (G.ge, dcor fremes impropoyly sct in the walls) which would ®
pormit unsuiioble air o eater the sholter from outsidos. o

Tho use of air~filter von$ilobion equirment wrbielly provents o !
vitintion from withoubs With this oquigmont, poioon geses, cuoke and :
dust eon be roscved by the smoke #{1%er from the air brought in fyon
oubeide, though i% sill not take oub esrbon wonocxide, Dust Ciltering
$i11 sbaorb dust ond rodicactive particles nt tlo ssus $ims; howovesy
oxirvemely fina dust gapticlen will ps3ss $hroweh She £ilter and enter
the air spsco of the sheller. The Pilter will not protoch agninst
vactorial contamination, nor will 34 provent heated air from entering
the sheltevr.

Fhile pojcem gse, OROKS; snd dust conberinniion Loy lest for s '
leng time, tho presence of headed air or radicuctive partlcies #ill .-
1eot only for o Pou minuies. Tneterial contaminaticn proboably will i
not ove strategic usc.

Thus the shelbers ave prosested e vitieiod outside sl in such ;
. o uypy thod before on astack, uofiltersd air will be used for ventilation; .
i Guripg and afier sn attack, the shelier ¢on e coupletely isoloted for
; 10 minutes; afber vhich the filiers will be used 3o block off ¥he go8,
i smok%e, ond dust contpmination; om, if there is no such contaminstion,
vonbilntion with ungiltered air can be bopun ogaine

whe deerse otetes thet 4if thore 1a ng £iltrotion-ventilstion
squipmont, on aly space of ot lesst 2.0 @5 por person mst bo assured
for thoec in the sholter. If thore i filtrotion-ventiiation oquip-
rent, thon the smalicst premissidle air Space PeT pOXSOR 15 1.6

Concumphion of oxysen snd produetion of carben aioxide cause the
aty Lo be exhausted in o closed TOSI.

The human body will nob suspeet & roduetion of oxygen oven when
the carbon dicside prosont is ceusing sericus disCompOTUTTe Ro more
then & 2% cordbon @loxide quantity mey be pormitted within & shelter.

If those inside the ouolter must porfors sepnnl lnbor, only .55 corbop
~~~~~~ atoxide may bo pormitied; end 1£ fetiguing mentel work is being Gone,
+he corbon dioxide contont msh ot hice obove L.0F.

- 6 -
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The GVercgoe earboa dloxige producticn por porLIR 18 0.8 to 06
1/min, if the powson i3 ot rost.

Svon the chove date it moy e peen theb for paosive porsonnsl in
o sholter with 2.5 of pres pOT IYSOR, © Dehour stay in the shelter,
oven when the shelior 1o gonpletcly ciosed, gould not ve injuriwas %0
healthe Since, for couplote eafeby a S=hour closingeoff of ventbilotbion
miet be counted on, &B air spoce of 12 m’ poy puresmm rmat be asoured -
for sotive porsomel, 18 19 for doctors, and ¢ =P for passivo porsonnele

i¢ the provicions of safaty peruit, to roduce the pecwwmlation of
earbon dioxide the yentilation of the ehelter cop bo bezm hy opsning
the seeuring devieos OF privging in air through the filter dovicse

qhe dogree of the carbos conoxlds scewmlotion anpends not only oo
the oipr space, bub sloo o tho size of {he veatilstion sysiohis

Thus in on sip-Tilter yentilabion systom, & 30 1, ohunge of oir por
=ioutc por yeroon in = ehelter set up in a ropidentinl bollding wmod o
otnaidered. Thio ckonge of air should be 30 o 50 1 in sn ores housing
the civil-dofenso aid detachmont, %0 to 80 1 in & sheltor Lirst-aid
stobion, and 80 to 100 1 in & comend sren ond yelapione eenber. In &
surgleal opeEating room, ¢he cheppe of odr por ninute snd porT pErsM
should be sbous 200 1, ({Sec Pigure 604}

The sholtor wolls, the socuving Govices Tor the oponings, CiCe
musts ell be peeked se well thad, in bringing in sir shyough the filtor,
an oxCEess DPressure gorpeaponding o 2 nm on the colmm of mater will
arise.

In plaaning specisl sheltors shers a relotively lorge asir opace I8
awnilonis for & small mzber of porsons, snd whera 4+ho wolls hove
excellent meking, as for instance in surgiosl. opervoting rooms or in
the ¢omsand sxess, we =10t doke as our ngsis Tor conputsticn e
principle that "ihe £i1tor ventiletion ogud pmont should move at least
as much sir por howr 08 ane-hplf the enbie arse of the Toom in guesiion”

[

The £ilter ventilatlion equipment and 18 paxts, ten be buils to
move 600, 1,200, 2,400, ond 5,000 }/mine Fquipment of capacities
groater than those con be used, pased on the prineiples given for
the 6,000 1 nizes
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The date of the typos listed is given in tho folloming ieble.

Filterwvontilation CGreogtost nmumber of persons which con
capacity in liters be served -
por minute
Foasoive Civiledefenso Ald Corzmond Ares
personnel persmnel station and
telephone
genber

G600 20=30 20-12 12-8 e
40=50 4024 24=18 1612

2400 80-120 B0~43 48«33 Bomdl

5000 170«360 170107 100~86 GEm50

Phe £ilter-ventilaticn equipment must be used whonewer therc fio
olectric power; it miSt heve s motow ond & hoed drive, os woll. The
hand drive mey be coitbed only whers CLSTEONOY POROT gEnorsting
cquipnent is svoilable, inotalled in zn arec of the igentical ooms
sceurlty os the sbelter, If DO CTOTRLNCY DOWET souree csn be set up,
only such filter voptilstion equipment &= con be driwen manuslly by
+wo perooas will be uscda

The filter vontllotion equipment consiots of the fellowing
compenonts:

aspirator, air £1lter, pipes ond othor £ittings such a3 an eXCeSs-
prossure~rcfucing volve, dust soilector, nir-guantity metel, damping
regulator, intako-pipe lock valve, siredistribution velvo {clackwvalys)
end dehunmidifier, flexibic corneotion pipss (zubber hose), by-pass
piges, ond instructions for use. (See Flgure 6le)

The ssplrator producss o movemont of airs Hachinery bssed oz the
principles of differenges in air wolghis may not be usede A% present
two types of csplrstors ore perniited: the cenbeifizgsl type and the
diaphragmeplston type. BSoth tygss reot the proseribed roguiresents
and bodi: ore fidtod uith on electric drive. The centrifugel type
aspirator st slseys be Dithed with an oir-guanbity =stew {in tho case
of a ronual drdve, us woll). Thoe diaghragueploton unit reguires this
meter when 1% 1s 3o be opersted by the cloetrio drive. In both machines
twe domping regulator walvo mush be_ovencd completely in nomueld
operadicn, bub in electrical operstion $he valvo muwt bo throttled
when the =iy quantity wobex does not show the deairsd smomnts.
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By=pacs pipes st alweys be used in £ilter-ventilation equipwnte
By moons of these not cnly de¢ ue pest the £ilber aguipnend during pouwses
in on otiack, bud plso makd possible the vembilation of the pholtors

3n thome cosos wROTA the teaperabturss inoide cpd outside ore neorly

the same snd tho patural yentilation w111 not stert afier gpening the
gocured Goorde

111 ventilotoro ond potors ot o of o aize safficiont bo bring
in ot lezab 2% times of wuch through the Ty-pass velves oo through tho
Tillerss

ne sir filtor consists of gan, aust, ond ewole f£ilteyn. Tho ducd
ecollsctor mast be installad in the inkalkn pipss 0 cone the load of
the smoke Tilter. The air filtor may be ohonged vhilo the snelter 18
in use; on inluko pennch lock welve io necepserye Sho sir £ilgex e3n
pe serewed ints tho gepirabor bY 8 standord threading, whilec flexible
econnoaticns weuslly 1ink the air $ilfer #d¢h ke intake pipes.

Ong parh of tke yenbilation pipe rmst be situntod_outside the
sneltor. This pipe shouid bo made of cant ipon oy sobeskon comant, S0
thot, if it io dmmaced, id eild not coliopse bub w311 bresk instesds
thopoby not closing off the route of the oiv. 1434 stecl pipes vill
pe nsod in sholiex wolle snd, within the ehaltey arca, pipos of mild
steel or molded sieel shoet will be useda

mhe toisl rosistonce of +he pipes {indaks pipes, aiastzibution
pipss, ond rogneair pipes) eannot be wore then 20 mz on She columm
of motore The flow senintopce of the pipss iz

o
70009 where in

1 = length of e pipe oF equivalon® 1enpth of the fivtings
(3n matozs)

v = quonbity of air coming ahrougk {in gubic neters por second)

D % interior ddenmeter of the pipe (iu rotors} e

Bouivalont iengihe of Tittings are: curved pipe, 44 albow, 1D o%
porpendieaior veonehes, 10 m. The well thickmess of the oteal shoot
pipe should o at least 1.9 re foy Bn intorior dimmeter-of up to 10Q s,
2nd 2 mm for an interior dismeter of 100 W0 130 zme The slesves of the
cocbion which ord cutside the sheller chould be instailed facing &oEn=
onpds, 80 thot Tain will not cnter. The inferior pipes should be aiiw

tighte. The pipes should be protecied inside and oub agnipst ToEte

- -
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Tho £ilter equimment must be st up in tho cheltor, &o that, excont
sop tho intake pipes, o1l of it will bo within the choltor iteol®, ithus
4n 2 msee protected from the effeets of on oxplosicns Alr phould b
aroen fyom 2 40 § o above geound 1evol. In olomod courts tho opd of
the pipe 1o takon up to tho erast of the roof. -

If n vorsicnl emcrgoney exit o butlt, the tube mey hove Ita omn -
air intoks pipc.

e hand of tho imtake pips is proboctod Ly @ Aoclring eap agolnst
4he ontry of rsin ond othoer mierigl, Toe dust collector might be
jnatalled hore tooe In equipment of 1,200 i/min capaciby, e inteke
pipe ia sufficfont; howowed, eop wite larger than this, ob lcaat two
intokes are instellods. ARy vranch-0ffs should be inside the sholter,
Tho intake pipe bronchings, if posafvle, wro led cub of the oheltor
at opposite points, end intako heads should be &8s for spard £xyom soch
other oo posoibls, The debupidifier 1s ingtalled in the pipes inside
— . the sueiter. ‘The pipes showld slent os for a5 the dohumidifione
Boyond the dehumidifier, sll inboke pipe bronchings should bo squippsd
#ith yalves. I wo wish 0 uso the dust collector in the cholter, i%
i installed botueen the Genumidifier and $he lock velvs. Following

5, the intske pipe is copnested to the alr £ilter in such a Wy
#hnt the nir brought in pesass first through the amoke filfer, and Hon
through the ges filter, in the dircetion of the srrowe yointed on the
canintore

with the £ilter ventilatlon ogquimmnt wo produce sp cxeess alr ;
pressurs equivslend o 2o o the water colum. The diverging of tho :
superfincus air tukos place in the valve vofueing the ©XCO0S PressurCe i
The volve reducing the excesc jrossure botmeon the intordor arss spd
the ante=chenber of a sheltop should opon and gloas sotomatically
votween wator colusm pressuyes of 5 40 5 mme THO OZ00SSHITOIINIGe
poducing valve st work by grovity, slnco in a cheltsr the meintensnes
of spring-oporabing egipment is aleficult, Velve dovicom ore $o bo '
protectsd ogelngt Tuste Tho dlemeter of the prassure rodusing vulve
ond of the pips which moy lsad fran 1% ahould bo ot least oight=tonths
the dismetor of the infake pipe. Tho Lendeout pipe 15 of cast ivon or
aghegtos carvnte For easy manirulation, the walves should be ploced
at norzal hoed level. Tho volve should be obls to he lockeds

e et e 2t

To 1onSurd Pressuro § presoure gaugs is ploesd in the shelbors

The €low of air within the shelter is divectod so thed $ho air
sakon in end filtered ie routed £irst o the interior ares, ihem into
the ante=chomver, snd thou, poasibly by diverting 1% through unused

1
|
{
|
1
I
1
i
|
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poous, into e Opth. 1t iz alsc praciicsl 1o routo the alz hrough

3me latrine, thersby croes-vontileting 16, Tyosourc-reducing valves ,
should be ploeod in 4he wall oceording %O shis principlo, and if it ,
: ig decomed necessaYy, pipes way alsc vo inserbeds Reponted opaningd i
of the goor Qo nod Atsturh tho courso of the air flow; therefore wE :
my locabe the yolves nosy the Goox. . .

l The purified air moy alse be brought lnkeo +he intorior axen $heough i
‘ aevarnl openings in the dolivery pive 12 this mothod ageords bobor
diatributicn of ade, of, por instence, in long and rolotively norzc

' shelters. e can alpo offect tie supply of alr by the usc of soversl
aopiretors. It is permiosible fop one aspivetor Yo supply purifiod
! air through dolivery pipen Yo seyeral inberior aroes 1ceated noext O
' coeh other. HGETETy there ehould be valves waich cea bo locked by

: tand betwean the indfridunl intorior srecd. {Sec Figurod 63, 03, ond

—— . 844)

It is vey 1mg,q"1:%ant thnt the asﬁi‘"—"ﬁiﬁtribuﬁi:aﬁw}:;a be shle o

! vo fixed in o position s@justed to the mepertion of the delivery-pin® "
' air supply. This is poeaenary lest semeons quartersd In the sheltoxr ‘
! chenge the setblng of tho volve oither hrough curiogity oF 3.onorencle '

O obtang changen can influence o oir S strivation o the individuel \
i interior axead sroatly and, by cousing cronter choldng, male the ;
oporation of the asplzator neTe alrfieuit.

1
. 1
| The aorrsctlyﬂplannaﬁ sall gats for the ¢31ter venbilebion equip~ '
sept should be merked o the exocubion plans of the shelteT. #al1l cuts l
: polog ground level must be rode ob the some time as the snoulsbitn \
! work on tbe wall, and the pipes must bo pub jnto position, sines tho
snouisition camnod be voploesd sotisfactorily after a cub is made in e |
finishod wall insulation. |
1

1f there i opportunity, ve st als for the neely consirugted or
remodeled besement 3o ary out. Only IBOD. w211 the filter wenbilabion \

asquipment be installed, excopt of eourse, Lo the eompenonte sob in the
wall, After instsllobion, the surfaces which will receive weor must
pe pointed gith o peod rust~probaeting paing. HDowevey, the feeiory
marking sad the seal showing spppecuicn Y «hn puthoritios st no%

He] Wma-

Storapge «f the ajr filters with theipr locking oops in vest In &
| hovmaticnily-seciad condition. In peeceotize it 19 gractical %0
! eonnoct the filtew oquipment Lo the aspirator sith @ £laxiblo BosCe
Tn his may We Da7 B tests, in aadivion so storing the 2ilters 1w
‘ tne pest ronnere The poserve Tiliews; with tneir profoctive covoxd

'
[,—____———-——"-—'ﬂw.m—‘—v’a—-—-'"
/ i
§

yd /
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sexcgod on woell, 5T€ stored in the sheler on ¢ layor of wood, or in
a box, so thak thoy will not hit against the wall or tho LlooY.

Fitting should be aone by v coapotent enterprise, experionced in
this field.

gone on the boeis of operating inotruchiond aluoys recuired of tho
preducer and conourred 4n by %he anthoriticn.

i rorsonnel met be inspructed in the use of tho aspirator. This i8

cno suysro $ilber £57 ench of tho #i1ters Tash be prosured mmd
storod ot the wito. ™Mlvors kel o operatimm turough roposted atincks
sugs be replacsd.

atursl eross-vartilation doping seriods when thopo sro uo atbacks
ot bo samred for sl sbeliors, evon th¥se with filver wentilstion
-~ __equippent. Doors ond AmMSTEENCY oxits con be qsed for patural cpouse

: qonpilation. e .

!
1
i

Jhnor DPhencond, such as bhe in¥arior Lomparcbure spd an incrogic
in rolativo nrd &ity, shich cause witistion of interior 2ir, will be
aiscussed in the gsectimn denling gith the heating of shelisrte

sholior Heoting ;

The basbing of shelysss iz not preserived BY ha Accree, bub tho
ozpeTiences of ihe lmat wer, 95 woll tho cconomilenl poncebine use of
sholters, shor it 0 b noCeseArye The cheltexs st have nsab jush

i 85 0Oy YooR serying for eonbinuing nabitetion reguirss hoohe Thoxeford

! the @s-pmm? ensling of tne ghimmey cpening wrnt be fokon cave of by the
! malisopening tack developed for this purpost.. ol cem be suppiiad
grow $lo stoves walit cutsice, bub 1% is wove procticad 4o use hot
waber, stenm, OF elpetric hootarfs

B S

sopscanel within the cheltor generale néok. This heab gonoration
eromts $o chout 100 calories pav pozetn BT NGV

To general, on air opace of 2.5 15 por poraca 18 szpured in sholterds
ne oubic meter of air apncd comits b0 an aversge of 1.6 ® of 030
Sinee shelier waolls sre wory thick, or @ good Dit of tne cheldor 1D

volow ground, the nee% transmitied sozains below 50 ealopiss pox bBoure

48 o resull we s toks into accound 8 warning~ud in sn iphabibed
sholter which In mi1d wonther ¥RY cmount $o oxcessive noate

!
s
¢

|

|
|
|
1
!
ot
|
|
|
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Thie hoat can sxicnd so for in SwrwY wonthor that romining in
the shelter becemss uncomfortable and, Lor 50N, urbsorablo.

The rise of the wmoistupo conbent of the injerior air coours along
iih tho worsing up of the shelier. Ono porHod, with his tvanemidiol
. of heat, gives off XN Lo 70 g of woter or Eater vaper per hours Thie
quickly psiuraics the oty ond the rolative humidity of the air . i
opproaches 1005 {See Figuro 65e)

7ho coolor walle of $ho shelfer promote the reduction of hest ond
the pertisl procipitetion of the wher vapor. (8eo Flguve 6G)

in an experiment copduoted on &Y Dosomber, 88 poople wsre placod
in en pren of sboub 78 mO intorier air opsce with o 50 1 ohongs of
sir per hour, ¥ithin cne hour the tempershirs reso £rom 170 4o 229 C.
m owmerbime, the zlee of the iptoricr Somperkturs wos oven LR
rarkcte

—_ _In_thosa sheltors vhors the intorior tepornture does noh fall

pelow 10° to 12° ¢ in vintertins, NSgT i superilasuss in fost. 3% is
adicadvandegecns from ho stondrodnt of the condilson oFf the BiTe

In thoue shelbors wbere there is § %o 12 =9 of s=ir Space TOT
perscn {ald stalons, eommrend poots, communlcetions cordiers) apd where
Tne intorler temporatures drop below 8° %o 10° ¢ guring the wintem,
the inctollsticn of hesting oquipsnt i8 1EEGCYBTY.

Stoves are nts used for heatisg shelters. In conbpol hot waber
sud stoss hoating tho squipmend should bo of o type waich vill ellas
the ghelder scction %o b2 discommectoeds

Gemerally, oleciric hcoting oan po employed wolle

1ot sir hent ang oir oonditicning son be euployed very o1l in
the lurgor and specisl purposs sholiers.

Eosting end Tonsilation of Spepinl-Purpess Chellenn

In shelboxs shere nomml work mish be confuciod during an abiack
{nospital sheliers, civil-dsiense cembars, higher offises; ohtes)
propor venbiletion end heating ooquipmEnt ust 0o installed phoxe:
! 1. the eir muet nob omessd the given relative hunidldys

! 2. tho dssired temporstuws is o be mintained in uwintoy snd swuedr,

o R—

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-O1043R00220003001-



D

eclassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

%, %ho conditicn of the sir proacrided Tor hablistion mst be
smaintatned for hours or, possihly, severel doys aflor e completc shube
dm‘»

4. the oly trought in through the filtoreventiletion squipuent is
greator then the quondity prescribed.

These gonditions aro met by air-conditioning, by eirculnting the
! interior nir, by oxygon fecding, and by Cxuwing of'f ihe carbonr monexido.

Alr=conditioning iucludes oir covling.

Shelter Lishting

Lighting of the same typd and intenaliy et iz used in working avens
snd posidencss guarters muet olso bs uesd in shslter whenover possivle..
In addition to the general $ilwinstion, lighting of tho propor Iintensity
zust be made svailable for work pleces {(on dosks).

Bad lighting gives riss o dejection cad %o saxiety in rwoy pooples
4% meakes ths cmpleticn of work Gifficult ond loads 30 fatigue qaickl:f.

The goneral lighiing of the shelters should bo wniforn. Tor this
resson soveral sourcen of light mast be amployed, Leowps ore suaponded
up hish whon possible, ond bulbs or tubes which impurt good illuminaticn
gre cmployed. Lemps nve not hung on the walls or pillars, but insteod,
fran the aoiling; Yamps hung on pillers thros espesially strong and
suarp shadgae. Lisch¥ from boxe bulbs ceuses glare; thezofors those
ahould be Titted with @iffusing or opanloscont covers.

Iilumination muot be plarmsd for a point one mater abeve the flcor. i
1ight from the emorzency unibs should bo ef least shree luxes. The ;
following sro the light requirenenis for varlous acvivitisns

Activity of 2 nonprocise maturs: sSizply afaying in the shelter,
handling the chelter equipment, removing splinter fragwnis, cleanlng:

8 Iunwes,

ioderatoly prociss wevk: telsphonc, alavm and signol ayparstus
operation, mediesl siores, stordroda opopaticns, ota,, 20 luxes.

Procision mork: %yping, writing in gonersl, Teading, oite, 00 luzos.

: ORIV OO O SI
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Yory precioo yori: stenogravhy, drowing vith colorod pensils,
g modiosl setivisies {ambulance, surgical oposationn, bondaging, ohie)
100 luzes.

tpder no circumobanced ney open~finze lighding bo used in o sholiers
it not only conswmes the sheltorts oxyeon bud also produces games in its
ceibustion and these gases talnt the chelber alre For thoso reacons -
oloetic lighting is used almost oxclusively in chelters. In apocial
casas o very wcak light, affective only vhen e curront iz off, can bo
produced on a lsrge surfaco by fluorcscent psinbd. . -

-

Fuorcency Tighting

' Troorgoncey lightings supplenenting the 1ighting ponerad from the

: ocutside nciwork, must be considerad for those periods, leng ox short,

, when $he power is intorrupted bocsusd Of GOIFMEOS. Tha power sourcs of

: the omarpenoy lignding may be, in the loygey cholters, # generator

. connected to gome pewor mAchine or & storage battury OF Hhs RoOTCNtery - -
| eapacity, oquipped with a charger. It may heppsn “hst both sources aye

; used« In the sraller ehelters, hand lomps powercd by storags hatsericos

} or dry cells may be usode

! 43 g vule, e curzony of e lower volioge than that of the power net
; is used in ocmergency iighting. Zither sutozmtic battery 11laumination .
, or o tuffer plont ie installed; thess coneist of foivly saell selis, ond ‘
: ave in themselvos Tairly smll. T this pay we DRy uee chealer storage
; battories, Due to its lowdr voltoge & separate 1ine not mush usually be
o bulls for the ewrgency lighting. Tho osprgoacy power eguiment mst be
i plonned so that an suboratic switeh will tum on tho cwergenly lights
shen the not current feils,

! Horznlly She elsotric not of 8 chelter must be instsiled cecording
i 4o the requirements for (amp rooide neideproof plpes, snd wabex-prood
! coonoctions and £ittinge must Us 1 ced; otherwise, the aqulpment w1l be
: geteriorsted by the weabher, mmd +his can couse s disruption of the
3iahting eyoten. In @ shelter srrengenent with several inteyior ayese,
the lighting ned st b brokon into severel circuita, o0 that, whon
sovething gooo wpong in oac POQ, the whole shelfer will not be plunged
..... ' intn dnrimens. Sinee 1t is very aierionit o notch or 4rdil through the
roinforesd comerete seotions ol the sheltber, ond since ¢his roduces the
! lond-bearing caprcity of the structure, ths locabtioms of %ho recesscd
pipes BRd thc wali~holen should-be msds when the strushme is comontods
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Current Cenerstorg, Stozsge Rattory

Curpentegenoroting batteries of vexying eapacition and volbtages oan
o resdily obisined. In ths civiledefense ceniers of larger cliies the
gonorotor unit which operaies ke main siren 18y bo used for ihe emorgency
lizhbing of the shelter. If the gunoraior connod be ploced within the .
sheltor intorior arca, 1t must be loasted near the shaltey a% & poisdy
which affords vho some degres ol proteciion as the shelser. Tho sxhousy
gnses must be conveyed dlroekly to sre autside throush pipes; in addition,
4o supply the eugine with frosh air, the imtske pipe of the engine must
Lo connooted to the outside. Tho oporation of the current geserator should
glao bo controiladle froa the interior shelter ares by telerhoncs

In the emorgency lighting equipmms of & sheltor basic batioriss are
uted to good oiventages; ths operation OF thea is simple, they sre leng-
lived, inseasitive e siight shocks, md o= wa ghored woll ia o
dischsread oonditicna In contrast, scld battorics sre cheapor, but they
vequize very csroful handling. They mist be kepd filled constonily,
hocauss gtherzice they will fetoriorate. In addftien, tho sald Duoss
Svom them contsninate the phelter sir and otbeck metsl surfaces within
$he shelier.

mhe battories abould bo of a size loTgs enousi to supply eucrZeney
lighting for g pericd of & to 10 hours contimmouslys Shelter whui-dcuns
st bo used Tor chmrging. The storage natiories mst nob e slmost
complotely discharged, booauas he resnsrmng of o complotoly dead
vattory tekos a long time snd requirse greater akill., The beos mothod
of chazsing sholier babterios is the so-called "arop chaviing™ Gone whils
the ualt is in opsraticn. In this mothod the cherging of the wtlery is
copstont nnd contimuing :nd stops sutomsiicaily whem the bottery 1z
gvovehorzeda. In an mlicranoting cuyrent ast the most proesicsl maeans of
chersing she vebtory la with o selsnuin eall zeetifiers

Liphting Uniio

The metsork bulbs and the emergeney lighbing buids can LT sCpErsy
amits, buk i% is more practiesl So use lamgs £itted with doudble pockots
3o whick £ilsments for both the nes voltage and emSTESNGY PORST Supply

Wy -
{3ow wolsoge) ava sontained, .
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sheltors 8ot up in residonse buildinge. BEven more ugter is neated in
lavgor or spocial purpesc sholsors, for exemple, for showors, baths,
the mashing of contominaied clothinpg, iu ald stelions, in surgical ~
operating roomo, for decontamination, ead perbaps for fIushing toilota,.

At loost one~bal? liter por porucn muwt bt tokes as the drinking
water roquirement. Thia quentity, vwhen used $rugeily and accordiag o
4he deeree, is sufficient for 12 hoven. Fore vater ig noeeded for washing
foeiliticn, bus ot leant this zmeh mnst be stored, Esoping sn cxplo
supply of water in rosfiness is especlolly impertent in lerge cliles,
since, in largeescale destiuchion, whole séctions of & oity =y b0 1Pt
githout o mater supply when s guiok repissommpt of the weter lovsl is
impossibice. 4% such o $ios, the needs of the shelter con best be
eouplemonted by tho water stored in the residopes units shovo.

Yiothofls of Water Shornge

Drinking woater may be stored sspeyately in fafrly lavge wolor shoring
oguimmst. Thoe Arinking water must oo stored seporaiely in o cane whors
wator spitablo for dxdnking ie not avsilebls in sbundont quentitiens
Cood water in ebundsnt gnantitics ocours in aress with @ high woter table
isvel or in cities where ths &rinking vaier comss fronm gocld arjesisn or
natural Fells. Drinking wntor is stored In coversd juse, bobltles, op
speednl drinking wabor conteiners. Hineral wator my alco ke kepd in i
juss. The oonbsiners for drinking wiber sivuld have wide opondngs, 80 :
Thay they 2oy be cleaned easilys For rosidencs bullding sheltors ‘
25« $0 30-1 gontminers sre sultoblo. f

Fator Tor waohivg may bo stored in lavge jugs end backeds in the :
opaller ohel$ersy iron er "Fiemit” ocniainsrs pleced wnder the celling i
my bo used in tho largey choliorss Hoth the drikking ond vashing wotey
mgt be kept froe from poliution; fherefore ¢he vessels in whioch the
mater Ia kepd must how tight-{itiing covers.

In chelters housing fairly lzees musbeors of persousel; ov whers the
ponoeblze uwsege roquires, severnl wash basine may be placed glongside
eadn othor.

Large vober gondulis will normslly supply both water for arinking
end For othor noods, Theoo mill be instelled in those shelivrs where
they will sorvice sociel rooms for poacstine uss, end where beths are
NE— 5-‘}»-1,$39n :‘ - - - - - - .-

~ /
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. Secouse of e usual dincnsions of sholicrd, tho sholter waber

i contoinera huve %0 b3 plaoed at & lov holpht, voershy prodacing snch

‘ a loT pressure that it la insufficiont for conveying the neter in an
exbended notwork properly. To ineraaco the Gobey pragsurt, he waton

'l contalsiors moy b8 of a ¢lossd Yo squipped with & srsll comprescor.

i

1

1ot water contaimors moy be vacd In the sheltors, too. Opon<flams
4ypon may Do e amployed within the shelter; thepofore the water may bo
heated by eleetrleity o by heators loesicd outeide the sholter. Cuch
containors ave necded primorily in operating roomns and id sctationse

wator Dieposal

Tho problen of the storing of aieponing 9¢ welcr which has deen uscd
in tho ohelter is so great 83 e gtor supply, end IV must be studied
covefuliy. Tor empll guanbities of sator {os in R sheliera} AGRRED
| vucksts or contalners moy be useds Ia TGS sholiers where the quentities
! of uscd wabor sxs 9%ill mol significant, o SCweEQ drain is ubunily
revossed into the sholter {mbeechomber) 11007 Through this the waler
travels by e patural £3il or by o rice {hond pump) o & cesspool o into
tho mmnioipel pever notwori,

only pigten pumps of %he bost qunlity will bo used in the shelbors,
gince only theso will glve B 2eirly lopg period ol ssrvice.

Tho acwage adrsins of Isrger sheltery typos nust e of oinglae. OF
aouble~drain typoes. In the douple érain iype, tho pump is bolow the
aater lovels The sewegs fluws Yo the pup by 4t oun welgnd; a0 R
: rosull, dofects in the yusp Pipd will noh provend the +ransporh of the i
v Tater. ;

7n the waker Grainnge sydtem 1otk 2itbed with baoklech walves rush 3
bo coploycd. Theso nre nseded, ninco, without them, BGFEr £ROe3, Doieon i
. gosea, ond illuninating eas a9 well, cem ouier the chelter through the :
. draine. Cimple gas traps filled ¢ith wotor or =il oiphons 2re neh
gufsiciens &n thewselvan, since the explosion of a bomb ean <mpby thoe
water Trom ihs traps or sighons, glviog the toxio pases © olssy poth Iata
4. tho sholtor. Unused aiphons sy o £1lled with o otesmeprood Yiguid.
Traps £itted eith tocklash velves will bo uscd it s =min shelier dunin, ;
In other places simpls water treps con bo pullt., Instesd of trap locks, - Ell
‘ gas~-proof piyes may %o instslled. The desin pipe will bo cut off outaide :
.~ tho sholgers IT the running-wnter pipes discherge into the drein at o

point velow the overfic Sutiet, he Erain- rook-will-uot be fres %o resed

eithor o suction oF o air pressure, Ixterior droins must bo protected T
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£oon Prooczing. Conmstimuction gnd emuipment details fov sholter uater
pupply end dreinage ore coverod by 09f1cial ToxiSeions} thost umat bo
complied with in full, The points ob vhich pipoa puss throwgh the cudor
sholier structuze must be sezled with s puoking rateriel which w1l
wesnin pliable.

Cas-Proof Sealing of Shelters

The pincticsl requirenent of the gos=proof senling of sn olr-raid
sholtor i saticSiod vhen the sholter czn bo mnde eir tight ¥ & point
shew o pregsure of &b loost 3 =mm on Yhe wakes colum con bo rmintained
{in nechenieally supplicd eir). Gnp-proef sanling of shelbers which ave
not oguipped with filter~wentilatlen aguimmens 16 of courne also xequired.
In thic sese, 8 pressurs in She shelter of D mu mey drop $0 3 = of most
within & Dinuboss I3 i0 Dot ROGSEEGFY YO meet Whe gos-prodtiing masuins.
ronh only as & protection agoinst poison £asoes, but slyo a0 a profestion
againat the indircct effscis of debonatlony ond incendisry sgemts in the
cholter vicinity. BHo loss dongerous sre dust clouds fram collapsing
buildings, omoks from nearby fires, illuminating gon fyom brolen ges
mying, snd szeor gas widel cresss ints tho basouent fron seger pipes snd
thon on into the shelter,

Thnz, gasepreofing of the shelier muet bo atbeined in 61l struotural
dotnilo. "ha followlng pointse st be chocked:

a, impsrioctiyescaled surfnees of the various deviges ussd fo
sooure the openings (doorz, CROTEARCY exits, ventilatiem opening loeks,
chlmmoy covers, otte) s

he obthor dofocts of the sesuring dsvices, & defechive siructuzal
slemente {looks, poopholes, grooves for rubber poclking, bresks in the
shest wetal)

6. batyoon the fremss of the sccuring devieos and the wsil vhich
touches thoms

3. those poinis whsTe any sord of plpe, comdult, ‘besy or oabla
passes $hyough the cutor struciurs {wall, esiling, Lloor}i

8, Through hidden or visidle mell exagks;
...f“"_ txm@ +he pores of the il

T sddition o caveful structural solutions end FUSONTY, @ aceling S
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mberial io also woeded to insure on air-Sight seal botwomm the individusl
structural olenents in cesp of chooks or moticn coused by temporaturs
mati%na.

It goneml, the geiding yeinciple ier whed wo ean stiain by BONTY,
we ghould not ativapd to sttein by tho use of somlors. -

Tho pipos poasing through the ocuter shelisr ualle sre both hoy and
colds Thus i must be borac in mEnd thal the some medopis) ic not elzaye
asuitable to produce o geeeproof stal in both cases., The sealing mbtsriel
must be plicble, wnd it must ethere woll %o worious maborisls (palls,
coanerets, steel, oil painta). Its adhosion showld ned break va tho reculd
of mechonionl moblon or motion caused by temperature reschiions. Othey
requisaronto must b5 consldored {veborwproof, clectric inswlation,
sorPopion~rosintont, otc.), 20 that such material should nobt bs eoploped
wnsili a thorough teoting is made ang, if posaeible, official pomission
crantat. {See Figuves 67, 6B, 89, and 704)

(ne of $ho best insurances for the gaseprocf sosling of a shalier is
earcful plscioring. Hithout question, plaster fzliing from the celiling
on thoss ipeide con couss fow injuries, apart from the unplensantnees of
i%; tmt i% hes 5 bnd poycholepicel effect. Nowover, lesvisg the cefling
unplosiored does not influrmes the ges-proof scaling of tho shelier
begsuse the sholber esiling is slenys wae of reilnforced coperods, which
af the gormal thiciness, will always satisfy the need of & gus-proof Seel.
Thus &n a0 ¢ase will the colling be plastersd, but all side walls noxt 46
exborior avsea mst bo plesiercd.

Bims and iarimzs B
Siznc oad serkers axe pesded Yo mATR the xoute to 4he shelter, the
shslier enivaneos or oxiis, tho anito~chavbor snd i{nisrior ares, and slso
the cmorgoncy ezlds end pocanges. A subzsquent dooros will pruseribe
wilformity of theso in usage, medorisly, and plscorent methods,

Thia refers pot wily to zeotdsmce sheliers, hud %o all other sheliers
o8 well,

Acgoptones of Shelters

The finished shelbor suy be pud into use only after o csveful .
esoeptence proosdurds IV is ROV Blus¥s NSCONESTY U0-Selarete the sl o
escceptonce, in the cnso of a now atraeture, fyom the goespbance procodures
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of the whels building; but certeinly, duo to its apaciel poinge, it
requiron cstra oard. =

The mdn points of coveptanes 3xe:

1. Cheoking the sheltsr dinensions cad goneral struaturnl execubion
for beehnical compsimmer in gonotruction mborisla, AsOATY, and other
10Tk ®

2, JIoepseticg the dovigee shich aceurd 412 oponinga nnd the
mechnnical venbilation cguipsents

S. Inspeciing the obligsbory cquipment.
4. Inepsoting the goo-~proof ssaling of ihe sholbior.

Spvciel omipmeat Lo mot nesdud o cheek the sonling of the shelber.
Frosmure it producad by o 280wz Bomgor cendls for an interior arsa of
about 180 0 140 wS. In o gae-proot sholter the pressure will jump 40 o
gressare of 50 o 100 »m in 50 soce Wheps $hord a¥o faivly omll
imporfoctione in the seoling, this predsuve lusts 10 to 15 sec, after
which the yrossurs gradusily fells %0 0. A8 3 reguls of the cooling of
the Nerger cendle goosa ond the loss of alr ¢hyoush small aperfections,
s sarification of 5 to 10 oz wobor colusm prossurs is preseni. We use
the oqualization of thie rarificetion for the axamizntion. Feturally,
this tosd moy havs 40 De ropentoed If the prossre values noted aboye ore
not ptininod. Thin phows that there are relatively lnxge seal, izperfecticns
in the chelsor snd these mmust be fumd. The polnts s onich the smoke
from the Sorger condlo seups out can be obporved, 4nd after ropairing
thene, the sbove tosé pust be repsalods ’

The tost 1tsseld is done se followo:

The reguloticn poopbole of the oponing sosuring devies 1o reoovweld
with its cose, ond in i%8 Moot o glass o ool tube seh into & coyk
or yubhor stopper is ingerted. At one and of the tube wo connedt o
senoncter, & ho othor a Tubbor teel. The rubbol seal R5TVES T GIMDIE
ws bo léuk OfT tho gresd pressws arizing in e intovior aron. hen |
the monomoter rogiotsrs 0, the bLlowout bremeh must be locked. At this
point the zmpificstion in the intericr grem baging. Ve csn begin megsuring
ghon the rurifloation hes 8 nemetivo prosowmo of § mi. ©6 muot meesaxe

- Facther he-Teeificstion galun hoeomes grester op szeller then Swm

within thros seos
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Gag smonks nust slonys be used dn the tosting. Aftoy the test ihe
ghelser ms$ be thoroughly wentilated. In {hickly-populnted seetions of
the oliy tho smoke used in tho test can Aigturs those living neerbys
mhereforo the tost must be gonduoted with the proper eousion ond
secording to tho lsws govaming such mbtors.

ATPRNDICES

APPRNDIE I

The Decree of the Hinister of Iaternal Affuiza Ho 017/07-1961 Vi,
concexning %he. consbruction of 105 {Tormolek-, Goze=, ES Ezilankbizios
[Dovriae, gaom snd-=slintor-proog/) sheltess in realdauose snd public

Yuildings. !

1. Tho Estabiishing of Sholicrs

{3} %03 sholgers msh L° enteblished in nll newlyeconatroetoed
vosidence and public tulldings, o in 4hoge to be roconstructed o
rorndeled, fon which the oivil Aefonse~-grouy opcocds 50 peXeind, bugod
or Bucs & (4) below, ond which &re suitoblo bechnicslly for the
1nstalistion of shelicro as pob fowdh in Soce 8 {1) bolows

{2} The t@nisier of Internal Affairs Doorsy Bo G1/80-285% Vi
governing the civil defense of inéucirial plents, dsels with industzial
plant sholbers seporabely. Hosover, the tecimical requifeswnts of T i
pholters o9 sob forth herd will nlso refor %o TGS aholsors in industyial l
Illﬂntﬂt i

2, The Parbe of tho Shelter and the {ivil-Dofonsc Gmoup

(e ante-chaubey oné three interier speas with a capseisy oneh of &0
persons ot 1wost gosprise 8 cholior unit. In one chelier unlsd, thersiore,
—  u paximea of WB0-porcoms Coun bo aceorndotods

15 tho eptowchomber opons direstly snto the stair well, &n OnEn
sorsidor, or $he oubslido, & gas lock should bo installed bokind the
CT oo eatyange - Soor. nf the spbcecherber. Tho aved of the gas leck should be
at loast 2 3, ang 1% should Yo BAL TEY frtm - the buie-ohasber by -8 gafe . -
proct door placod in o w61} 25 cun thick.

|

|

l

i

i

! {1} Thae shelter consints of pn ento-chanbor and on intanior Orof.
i

|

|

t

i

|

|
|
i
‘.
. - 90 -
|
|
\

- | e
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! {2) A% losst 20, sud ob most §0, psople coy be placsd in cpe
interior orea. If the ground plan of the sheltor connol be formulsated
with oponinge from the ante-chosber into oll the interior arsas o emsure
poneatine ugs ond ceononicsl utilization of opace, then the interior
oroat may open oato oech othér. However, oaly one intericy arece mny bho
renched €rom enother, If cevorsl shelter units ere buils within the
basenent of one bullding, they should be ne far apsTt as pogaible. TO
assure this dlstsnce, there should be s loyer of dirt or a roum at
1oust 2.5 ® wida, nod being used for sbelser purposos, belmeen the shelser
unitc, The salls of the rocme dividing the shelicr unite should be
reinToreod couserote, 25 ci thick; reinforecd sith § & 10 ecm-mosh
rolnforeing on both sides, tles into the wain walls of the suilding by
insarting the rounds into the gaps of the brick well. Thiz roon oy
slso porve oS the sholier onte-charber if suficient opses im nod availsble, .

i If, ir this way, more then two cholfer units arc =0t up next Yo omch othor,

1 a contrel aroe in she basenent, not touching the extericr walls, =mot bo

. forred If poseible, snd tho baeelont pipes tustbe Tan le—the outor ardd.

| This latter arrangessnt is prefereble in esteblisning one or o sheltax

; snits, if pencsti-e use and cconomy will pewadd 4%.

{3} Centrally-locsted public shelters must be aveilable for blocks
of heuses, for groups of mmller yesidences, ox othar groupsd builidings
{sctslemcnie) if sepsrate sheltoers in eoch vuilding aro cithey impossidble
becsuse ¢f tcehnicnl rouscns, or lmprestical for reasons of eCOnoLRYs
Yhsse smet be vuilt only for the staff ordered by the soperats decxse of
the Mnistry of Inbernel Affsirs.’

{4} The civil dsfenes group of & building is detormined by the
folloming method:

s} In residence buildings it is necossary o count on onad
porson per 8 of ares in residences of t9o roms op mwller, and oa
gne poszon ger 10 &P of ares in rosidsnced of three or romd reozs. It
is not mecessary to inelude the sreas of scecndsry rooms (teilets,
kitehen, bath) in the area of the rooms. Duae oTogs are computed by
moasuring between the plestored wall surfacss.

b} In residencs bduildings sherc thore are rooms 3orving a8
businosses, workshope, or almilar purposss, one persin per 20 == of used
arey rmst be commbsd. o

o) Sheltezra for ingustrial planits ond for otber buildings in
which the cotoblishmont of TGS sholtors is cbligetory sust be planmed
for the maxitam force prescnt in tho building or in the plant sy=s during

on nicrte In estoblichinz the civil ofense staff for industriel plemte,

- O -
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8 possiblo roprouping of the shif'te must be considored to roduce the -
atoff. The eivil-dofengo staff for offices loeated in roaidence building
wust be detorined in the oome IHANOP.

{8} The oholtors muat be constructed and completely oubfittod
concurrently with the conctruetion of tho bullding, but thoy may sleo be
used for peacetine purpogas, Only sueh poacebtime usages ave parcd $ted
a2 ¢an bo halted Inadiately 4f neoessary, end vhieh will oilew the
roturn of $he sheltor to its original purpooe within 24 hours. Thone
peoceting usos of the sholtep which do nob jmvede its original purpeco,
804 which can bo gontinusd duping an alory; are eopacielly desirubleo.

Sa Sholter Simn
e e,

(1) The boss srea of the anve-ohsmbor should ba 0,1 152 4inps the
mamber of persons which can bLe aceamedoated by the interior arces of a
Sheltor wit whore there ere two futerior axreas, and C.13 ° vhers thore
oro theee. In ey case, 45 should bs 8% leant ¢ u2, Tho narrovest perd
of the snteechambor should be 1.0 m. Tho height of tho ente«chomlbor and
the isiterior aven should be ot icast 2.2 m. whors there ip o coiling
ribbed on the underside, the lower plene of the rida should Be st least
1.90 i from $he besement floom, The route lesding o the shelter and
tho anto-chomber shoulad be 90 laid oub that n stretehor, 0.51 x 2,26 1,
can be carried invo any interior areq,

(2) Tho interior base grea por pezson should be 0.75 n° ond the
olr spscy per persan, 2.5 n, I the rusponsible officinls porzit the
use of alr~filtor squipment aonad 14 is inotalled when %he sholter ia
buils, the bose area Fer psroon may be reduced 0 0.8 > oand the air
space o 1.6 mo, :

{3} If tbe sir spage of the interior arcos iz amullor then thed
campubed to be neceassry, an auxiliary aiy spaee of the slas necesairy
o 2ake up the defieit must be comnceted $o the air apace of the :
interior arens fvom the hnacment sectieng ousBide the eholter. Opéningn
in the suxiliary oir apaee which tpen onto the outside must bo elosad
Gith goowproof securing dovies or eallea uge Tho SCnnesting oT whe
interior arsae nith the mxilisry air opoce $s dome nith 28z 25 or.

50 x 30 om openings placed cme shove the obhors Thegs should be able to
be secured with gam-proof locks from within the inderfor ared, Jhess
openings shonld be at the poiny farthest £rom the sntrunes, s

(4) The aros of an sntceior orea should be ot Loset 26 wly the
height, 2,20 m; and its narvowest width, 2.20 m. o T




e
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{5) (me sguare mober por 50 persons et bo sed ori in the interior
sreas for pit latrines, closed oft by o oingle curteire. In setbing ap
tho interior arem air spaco it iz no% nocessaTy to sabtract tho cubie
arog of the latrinoc.

(6} in open sres of ad lecast 2 ©® must be left in the ante-chanber
for the olecezent of mutericl.

4o Fotvrancos ond Emergency Sxits

{1} Bascments conbaining shelters Twst oper onto o stalrpell o
othor elosed arca. ‘these, along aith 4he dcor ozeningd, Con £CXVe ad
entroncos to the sbelior.

{8) The entrenco door of the antowchonbey thould be cug door,
opeming outward, nor 150 porsons. The doow should be placed in o eoraer
in such = woy that 1% will be Ilad sgingd the well when Op9A; it should
bo sble to be unbinged from jnelas. The interior arce doors chould 8180
be placed in cormers if posoivle, and they should open Trom interior
arveas into the anto-chombar.

{3) tach independent gholter unit should heve st leest two emorgoncy
oxits. Coo of thopo may Lo tho OXErEency passage tvoated in poink {7}
bolowe therc shelter unito axo tuilt uext o onch other, fewer emdYEency
exits mey bo made, il they #3311 sfford poscibilities for escapl £yon
all intertor srons in the event thet somd parts of the building ere
Qestroyod. To insuve ihig, neighboring shelter uniis mat bo connecied
by comrgeusy passages.  LerEonoy exits should be relstively far apart
and on opposit sldes of the huildinge

{4) The sholters of Tov wildings et be eguipped with vor$ical
cumprgoncy oxits, i emwrEoncy exits connoy opon onte the outside froa
the sholters, Yer roscons of paterinl sconany, verbtiesl energency ozite
pay bo built ealy in important waildings.

The verticol ersrgoney exll is o reinfopcod conevote cylinder with
=slls 25 ¢ thick ond with an jnterior diemcter OFf (.50 D It extonds
%0 the coiling of tho soeond floor, spft it hoe openings By the ground
1evol and ab the top. The exite should ba wo-thinde the height of the
interior nrenn. The reinforeod conerote eylindor muet be bailt with
axterior and intorior reticular reinforcing with a mesh of 20 z 20 oo
1% mist have so anglo brace eomecticn ef $ho basenend coiling lowal
and & hinged conmsebion at the 1evol of the mocsnd ficop eeillnge. The
oxtsrior lengihuise reinforsing are 210 steel rounds, the iatorior, 83

tedbedticemdlen i e e

o
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the exterior nnd interiocr eirculnr goinforcing are Z6 rounds, The
watnforesd conorcte eylinder muoh be acuipped with builb-in stcel lndders,
inside ond oubs =

{5} The opening2 of the omapgency oxibte should o bayvond the ronges
of destruction whick ecan be expocied in tha building ox pefsiboring
strustuves, For important bulldings, ctrvealor exspgency tunnels, 0.8 m
vide, or with en Inboricr ddametor of 0.9 m, must bo budls $o lood o
onen ardnse

(6) If splinters, coming in & strofght line, con rdgeh tho intorior
oren shrough the oosxgency exit oponings, rogardless of the fact ot
the openings are coversd, then extevrior or intsricr splinter-procd welle
Duss bo huilt 4o cover tho oporingsSe The splintor wall should affoyd
protection ageinst the impsot of splintors FIying inemopirontal ——
dircetione Tho dlstanos pobucen tho pplinter vall end the emovgency
exit should bo 018 %o 1w, Brick woils, loid with improved mortor, DL cn
thick, o coulied roinforeed conorobte walls, 35 on thick, conbeining ob
lesst 200 kg of csment per enbic mater, csn bo conpidersd splinter=proofs

{7} sdjscont basement aress oF neighboring boiidings must Y
ctonected Dy enOPEEncy JASIKESS. These passages axe vmulisd oponings,
peasuring 0.7 40 0.8 w, welied with tricks. To gspsurs eo8y¥ vomovwal of
the woiling, they muat not be tied 3o tho exioding wslls. The plene af
she welling on ono side should not coineide with $ho plene of malan 7olla

8. Dovices to feeurs Onenings

{1} The folloming ere the Aevices which ssoure the phalier openings:

u) the sutrence deor leading into tha anto-chombor {anbe-
chavheredony). Ite interier dimemoions are 0,85 % 180 &

~ b) the deor leading from the sntowcherbey inbo the interiow
avea {indericr axea door), with interior dluensioms of 0.85 X 3.80 na

g) ho windows vhich closs tho openings sesving 58 onorgEnsy
exits (emergency exit windowsT. The dimsnsitns-of the gl smersonsy ..
ozt windows sro 70 = 50 cmy of ihe lorge, 70 x 85 ems The onTs v elon g
oxlt windows £1t sgainst the outer suzface of the well ond OXnR OULWAPAS,

{2) From the standpoint of protechion, tho devices which seouse )
- i Upenings- TEGYecs-Sgainst gee and nire-nyessure (@) /Goa eo legwyomog/,

il q AT, u
or only ngeinst gas (G} @aﬁ Openings in $he CULOT WOLLE OF & BESREEE oo
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wnit must elways pe closod off with GL devices vhich opon oubwerds)
within the chelter wits G dooys wust be used, [oors beteoen intorior
svoas snd the pntewchomber ahould opom cubwords into the anio~chorbers

{3) 1If, in sadition te the ecergency exit windows end tho antew
chember door, more opendngs in ¥ho outer wells of the sheller are
nogesssery for ito peegebine usage, either they mush te equipped witys GL
dewiace or thoy sust ve o fommd thot, If ncesesary, thoy cin be walled
up by bonding into the grooves cub proviously in the walle Ieoouend

' sections vhich sorys oz shelters may be mropored wmithout windoss.
' cheltors should bo equippod with only thoe nbaolutoly nocssesyy OpERANES«

{4) To vontilate the shwolter, abt lecst ono Jeshapsd vonbilaticn
opening sy be cub in the inforlor sres »all which borders on the cuder
aiy spuch. Tuis opening should hsve a civsn-cesbion of ¥ =lé <o and
should be Pittod vith ¢ grill ou the cutside and = snell ges-proof doow
@ the ineido.

| {5) The doviess which securs the ehelter oponinge ere of ateel ar
! mrefabricated rotnforesd conerpto. Poth typos srae aguipped with ongloe
' ivon Trauss pisced in the wall, hegulstion fo. 10SE 800 [Fegyer
Orszopcy Szabvany: Bungarian Notiomsl Regulotion/ preseribes the
aimencions ond structure of the fraze, Roinforced conarete sheliey
doors and emerpeney exlt windews ean nob be conoldered eplinter~prool.

? 6, The Shalter %oof ond The Duildins Above The Shelisy

{1} 709 sheltors may be built emly in the basements of bulldings
i whave Shere 1s n roof pado of 2% least threo noncombustible raterials
: sbove the anolior roofs
I

(2} In buildings mith brick walls, & coynico beoan pmet be used
with %he shelter roof, 28 well as with the uppsmiost roof.

than 1.90 n ahove the lowest ground level. IL this reoquirement connot
o meh bocsuss of 3be oubberrmnsen water lovel; & 1) wiith a hoight
- goywepponding to o erown width of ot losst 8w sust be pede at the cnter B
wall of the sholter, The upper plane of the 311 mmst be regsrded s ihe
extoricr ground lovele.

|
|
i {3} fTho floor level of tho roof over the chelter may not be mors
i
|
|
|

! {4} If 4he stelrs in s building houming & structure are buils of
prefobricutod mits, either the extended rounds must he cespnted inda
R |~ i Supposping stwuotues. or tho individual onits et be comoeted bo EN

' ecach othier and to the suppovbing struchure by screws ond other conmecting
Govicess

SJEN R NI |

- G5 -

~ /

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

(8} & so=cslled "civiledelense poof" with an inoyesesd loade
Yeoring sbility must bo huslt over the sholfer ond the socess routo
lsading to it. The civil-defonse roof ig mds of refnforeed conerate at
1rset 15 om thick, with o 20 x BQ em roticular roch reinforcing of Bl
o500 Tounds cemendod in of the place of uso {no% prefubricated)s 1%
mgy bo sither & reinforead conerste sheet or 1% wey ve vadereridbed
rainforedd conorste, in olther cese mede $0 gupport @ Joably-divscted
1a0d of the smount preseribed by clvil defense rogulationss The leser
raticular zoinforaing usy be counlted in with tho otrtctural reinforeling,
pub 3% woy not ds subsbituled by 2 wider-moched reinforelng of the cone
pizg roUndse

{8) In sddition o its own voight, the xoof over the shelter and
%8 sosour rTouts must by ploaned for the pollowing egniy~aiotrivated
losds:

a) In nom-stesl struetures, & long totcling 1,000 kz;/:az for
tho pround snd ceccnd stories snd 250 ¥e/n® for esch sdditiopnl £007.

]

| ) In sbesl structures, @ load tetaling 1,000 ye/m tor

! the ground, seeond, vhird, pnd fourth fleors, and 100 kg/w~ for coch
i additional flcor.

|

{7) Seyemd the leada givon sbove, tho usoful load of the rool mmed
e congldored only if there is @ isyge eoncentyated icad (heavy mmchines}
i operativa on ivs

{8y The oceonondealnsss of tho oivil-defenes ronf must be insuzed
by the use of hewyy braces or saall gpandg,

|
“ {9} The congrets in a eivil-dzfonse yoof should be ot Jeawt of B
| 200 quelitys the stesl rounda neod should 1o of st least ¥6.28B op

| BG2E8 alily.

! {10} In plemning the civil-dofemse roof, #he load must bo cslculsted
with e safohy fecher of L., and it sust allow for tho sxbromd ¢onsions

< R stated in the romistion covering roinforged concroic.

B

| (11) In spoelel eesss, for which the winistry of Iuntemnel Afintrs
will moke soparvote ervongements, s T £431 1 metor thick must cover the
aholtor yoof. In this cose the holght of the first atory floor lovel
should not be more $hen 1.2 m above groumd@ lovels IE the bapmvend cannob
‘be build ok tho nogesrary fopth bocauze of @ pigh wabop lovels refer &0
Cuuig@ﬁ,w‘&itiﬁ%m{ngﬁﬂzﬁ?&‘gi&:&mf@QN@_’Q&OE-"HIG dicbon ...

]

the roof sushk bo considered tndspendently of the eivil defonsn load.
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7+ Shelier ¥allo

{1} I tho boight of the ground mass plscing ground prossure on the
chaltor end sccags routs wells ic coyo thon 5, the shelter wolis--Tithout
the loadedischarging effoct of the wells wnd collingw-must bo plenncd for
o ground prensure computed by sssuming 4 ground level durdened with the
same lcad sz tho civil-fefonse loand of tho chollor rocle

(2) If the helght of the groumd msss vlacing ground prossurs on
the exberior wells of the sholter and 1tz access youts is leas then 3 1,
it i3 ot nocessary o plon for the ground prossure, bud the folloming
rageivemonts st be mob:

The thicimess of stonc or nixed moterisls wells should be at leasd
60 omp with merier conlalning 2350 kg of cemend per cublc meter.

The thickness of fired clsy brick wnlls should be 51 ow, with &
movisr condaining 250 ¥g por cubic moter.

Whers esulked oonoroto conleining 180 kg of coment per cubic mier
is usnd, the wollo should bo st loast 40 an thick.

The thiclmess of reinforged sonereta walls mithout brocing pillers
should be 0 «nj those with piliaxs should bo 20 em thick.

{5} Tno shelter roof must be comemted 1n with @ cornice bemm,
reinforecd scoording to regulstions, exbtending the Lull width of the
basomente If the bellding is of rolnforeed z2onstruckion, the sheltsr
walla ehotld be canlked coucrete salle 3isd into the roinforging wid
comeniod-in slrupy, or Dlegu~thick briek galla.

{4} Tho welle botwesn indoricr eress of a sholber should be ug
loast £5 cn thick, If they axe Pived clsy brick wellg 18ig with portlang
copont nortar., They should be 2f lenst 20 e thiek if they sro caulked
conarete walls eonbaining 200 kg of cemsnt poT cuble moior,

{2} %ho interlor wolle of chalier units chould be eithor Tirved clay
brick wells leid oith o morer contelning 100 kg of somont per cuble
wetery Or reinforecd concveds T8ily wo &osoribed i UL ¥ (B} sbove.

{6} Tho shelber ceiling et not be plusterads The ahalior walls
mot b6 plagtersd, The ceilings snd sulls sghould recoive Hhres ocats
of shitenushe

- G7 =
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e BELORSE £TOWe

3, The Sholtor Flcor

(1) The flooring of the ande-chombor tnd interior aress of tho
sholter should bo o mmootbod conprebe floor or paving ploced into cushion
eanerote, Tho cuchion conerote mmst be nourod at leest 10 on thick andy
Por suppert, tmusht be tled inmto the walls.

S, Finos Tunning Through the Sholber

{1} If possible, pipas of vorlous Types {centrel steamesnd hot water—
heaty wabor end scwer) should nob rum through the gheltors Howevor,
comotimos this roquivenent canpot b met, so only thlexewnlled wild syeel
pipes vill crons in the shortest roulc. prittle plpes wusd be fitded with
& reinforced conoreto protective covoring, =mith both onds sorminating
outsidoe Te close resmure bronchen, molin losks, Sasily maipalsble from
the sholtor, maist be huils. Tolvbs te provent infiltretion of gaa mush
e bullt in sowor pipoc.

(28} The paseing of sos pipes through o shelior le forbiddon. I
gae pipoa pase through an alreedy bullt sholtew, or if thors arc ges
moters theve, these rmst bo complotoly icolatod from the sbeltor by
walle orcund theme

(3) 4% least ope chimmey terminus oubeide tho Sholier aron should

5 in & baosment housing @ sholier. 2 chimnoy s0oY-door and other
openings extoading iate the shelter =zmos be gaawrroots

10. Oholter Lighting

I¢ 4hoxe 1o cloctric lighting in the tuilding housing o sheltew,
this sust be run iabo the cheltex.
®

11, Cleosing Instyuckions

(1} The imstructions herein shell bto used for nll residences and
publie keildings buils in mpieimd or industrial nyeas, except where
therd iB on cpeveisive mater iovel ebO¥E 1.8 my when [60e & {3) chova
211l not ssticfoctorily moot the problem, cheltevs most ©o buily only
under cordsin buildings, ofbter prior yersissicn of the inistry of
Imtomal Affairs is cbtolned, Thia smet be dopne in such a way that the
wildings without sheliers will aloo asrve in supplying the clvil~
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{2} The ¥iniotry of InSerasl Affeire ray poradt doviations from
the atatements of thin feorce, chore justiflcd. =

(3) 1nis dvcroe comes into effect cn %1 Docombor 1051, The
following deorees oye bherowith void:

‘ B - 2374-5/8, 1950 [See lote 1 belos]
. Bize &304-24/1050, VI/4 [Feo Hoto 2 belog/
Bize 4374-1306/1980, VI

E 4 T s omamar o e & ‘¥ o
[Hote 1: B, 4, of 4his abbroviztion probenly osustos so

Belugyimininzioriumg the A could bs s mumber of
words, the nost likely of shich sre ARTU (Socumens),
STIRRT {officisl comsunication), or evon ALTALNEDLEIMI
{pertaining to nationel security)./

[fote 2:  Tho "Biz." here probably cquotos to BIZALIGS {ccnfie
dential} end poy rofer $0 a classificaticn.
APPREDIE IX

Docres Fo 0138952, VI of the Hnster of Tntornsl Affelrs coneemning
the cubeblishmont of exergency sheltors.

3. Genoral Instructicna

(1) Zrmorgeney shelters are ML shelters oatnblizhed in the tasemsnis
of oxishing buildings, ond 4rench sholtors bulls undérground in open aross,

{2) I shelters aze differentisted from TGS sheltsrs so that cerdain
rolazations of prineivles of deersa Xo O1/67-1551e VI of the BEintstop
of Inteynsl 408nirs may be permiticd.

Bs Dotormining the Site of sn BH Sheltor

(1) I possible, the H sholier should be locsted in an interior
aseotion of the basement not bordered by ouvside walle., I4 should bo in
hab gary of the besomont over which thore ave the moot floors, |

- 0T -
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\ (2) I, beenume of tho structural leyout of 5% wailaing, it 1o
\ 4mpoasibls %o establish $ho cholier 6d proseribed i o6, 2 (1) 8bove,

thon it mush Lo jocated along tho firownll pordoring Whe noxzs building
ot o poiani where it may be casily seached spon tho stalys, dooraays OF
courtyards

% I poasible, tae shsiter should be 4y & part of ¥he vosimeny
ghers fhoro oTe nO zae ond water pipes.

|

“ (4) Ttho sheltor mush po locssed in an extended arrangemont with

‘ 445 compenents afrided by tho sxisting ctructrel wellse connuebiond,
sig the bagement pookions culside tho cheliop, batmesn ghelter wmito
und botcocn e sholter end eorgeney cxlta {emereency passages) st
o nesursde I Shaye axe sovepal chelter wisn locatsd within the mat-
ment of & single puilding, PhOYy & culd be s for gpart af posaibls, aith
ab 16a8% 8 2.0 maridio spoce which ie not being usat for sholler PRTROSRS,
petmeon Hhells

{5} where possivle, the snalyoy, = if the regyivasnts of Hhia
doeros 8lion — st be build in boscnent eroRs uzed as H ppoliers
auping the lpst s

|

\ 3, Ths Dhelior Cemponcnis_snd the civileDofones CXoQ

l‘ (1) The shelter conpiskn of &1 sabowcherboy ond inorior eesds

‘ (ne pnteschesbod ond o group of dntericT oread, srah acconcisting o
moxiimm of 90 s e 1= couprise a shelter amits One shelter it my

1 accompdate & wovieon of 10 $0pLee

{2} The intorior ayeas should, 1f pospible, opent onto tha aolo
shapher, bub i tpin 18 no¥% feasible boenuse of the struedurel Joycuts
then they mey ogen ondo cach othoYe

(5} If the aholior has only one {nterior aresn and the entmpes
opans inte tha sholfer Crom %be atlding interion, the subrance mSY
open Qirpecbly onto the shelter inberior aren, ondSting the aabe-
chambey, DHOUCYER, in such coses, £98 1pake mmng be spatalled, o8
rocesasry, bo Feplace the onbe-chambore

T i . {4} Tne sholter mnst be et up for o civilede¥ends £rcuPs gotormined
in toe toilowing ©878 P

a} n §Siﬁ£ﬂﬁes of two op less FooaL, one peTrscn m?st. o]
osinnted per B of 1iving oTos, ¥ROXO thore ave btpree or oY
0Es, ORG DOTECD 0¥ 10 o of living ored mnth be esbimateds It A8

T e et o e e e e et et ort e
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not nocessayy to inelugs the area of puxiliary rooms {receiving hell,

toiles, kitenen, vaih). I£ thers ig & hel)l in the vecidence, it is Yo
be counted as 8 OO The bass STOss AT9 poaputed bY measurendnts |
watwean the plastered well sarfacss,.

b) Suolters of induptrial plapts, publlc waildings, and othor
inptitube buildings raquiring the insgalilation of TGO gheltors st be
planned for the maxims steff working in the building oF in the plant
erep during the poricd of B aivil-dofonse slerb. In detommining the
glvil-defenss stoff, the possible ragrouping of shifss must be Bamsidered,
in ordsr to veduce the eivil~tefonse groUd. the civiledofonse group of
offices locsted in residsnces st be dstormised in the Sone wols

|

VBORED; NOTSTOD, enly $hoad peacosing uesges wklch con £oaso e iintoly,
rosurning ke chelier to its intended purpone within 26 hours, #8Y bO
aliowode

i

{

!

i {5) Shelters shouid bo formsd in such o W7 pe to pormit pessdiims
|

an idesl peacctine uee 15 one wideh doos 20t homper the intended
t shelior use end whioh cen eonsinue during eswil-dnfence properationd.

A« Shelter Size

(1) Tue mllas‘anuiéth of the snto-chanber saotld bo 120 By and
tho conllest avee, 4 We TRE 1opost pormiseible heighlt of the enbe=
ohemper and the inferior arce 36 1,50 5, Thore may y& gn enta~chember
passege section which can be closed offf by Goorse

|

|

|

1

" {2) The Interior ores yose aren per persen is 0,75 ma, the pir

! ppaco £.50 B0, If ¥he cuthoritiss pereit the use of aly-filtor sgulpzent,
| amd 4% 48 ifmslalled st Tho some time the sholter iz comadrucied, tho buae
|
‘\
1

avon per perscn mey be roduced $0 G.C o2, snd sho oir spece %0 2.8 e

{z} I£, after compubations ére wmde, ine oir spase peeded is more

3hon ths air spacs of tuo inberior azces, shen on puxilisry space of the

grapar siza st be ocnnected to tho sipy apace of the interior ersad Trem

: z boascment arse outotde tho chelbtere gpenispgs oato the cuhnides in the
i suziliery sir opeco must either bo wallod ups oF Fitted with pgag~proot

1[ gecuying dovicos in the sone wey 88, ko shelter openingss The connotting

i of %the auxilisry sir space ¢o the interioy axgas in Gome by uweons of

| gapmproof openings shich can bo scoured frod inpide tho shelter. Theeo

A = B0 .t;@,.g‘!a.;gs_q&__éi_ﬁ__a;_g,'“g_gg;_gxggmgs, ploead one abuva tho OThors A

| _
|
|

° - 10 -

Declassified i - . . -
in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200030001-9

/ e

{4) One square noter for cach 5% persons houned in on intoricr
arsa must be spt off for pit latrines;, closed 02f by o curtein end
possibly located im o woolen compartueat. Io compuiing the alr spacs
of the interior aress, 4% iz not nscessory to subiruct the cubic exen
of the scoticn closcd off by tho surtain.

{S) An open spece of eb lesst 2 p® mmst Le lefd in the sntew-chamber

for tho placemens of mberiel, IP this counot be dono boeousec of the
struetural layout, then it wmay ve get mside in the intorior vres.

9.  Entrancce ond fmoxgency Ezile

—_ {1) I thore ave opsnminge in e basement to the outside, the shelior
munt ba situabed so thet 4% 48 accocsibls Tros (Lo ebairs or oihor clessd
oros, I the bogomont 4o roached from a ¢losnd sres, i%s entrancs mey
open direetly ouse the onte~chamber of the shelbor.

{2} Preferably, thers should be ot loast cae outward-opening door
in the anto-~chamber for saah 150 posroonss The doore sheuld be plsced
in eorpors and hung in such a way thet theoy will lis TIat asgainst the
eell whan open, spd thet they capn be uphinged fron inside, Inberior
aves doors should slgo be pleced im comners I1f yossible, snd should
open outwsrds from the interior avez into the anto-~chambar.

{3} Iach separste shelier unit should hewve 8t leasd $w0 CEOSEENOY
xite. Those mey be the susrponoy possagec &iscussed in Ssc 5 {F) bolows

Where shelfer unite are loeated noxt o each other, thers may be leass
thaa two exite por shelter, if thoy are placed so that thers will be
opportunitics for opross frem sny intepior arvea If sowme zections of the
builéing are destroyefl.s To assure thias, sholiers nexs 4o each sthoy
mist be lxterconnectod, IFmpergency oxits should bo loeated fLeirly for
apart and on oprosiie sidss of the bullding. If possible, they should
be beyond the limits of possible debriz from neardy bvuildings.

Imargency sxite should bo in besemsult aress rempoved from $he sheltey
entrsnces Tho emergency exit chould be 8 bheeowent window, 70 z 50 en,
| which can bo mogurad with o GL {ges~ ond pir-pressure-proof} door, and
8¢ placsd thet splinters ecming from sog- dlrootion will sirfle o briek
wall at lenst one and & half bricke thick. IT this ls inpoosible, due
t9 tho layout of tho building, thez & splinter uall must be buils in
front of of bohind the emergency exit.

... {4) al} sheltor openings, s well os those of the auxiliery aiz
cpace connected Yo the sheltor, whioh open onto the oubelds muant be
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poeursd vith ges- ond splinger-yrool devicos. HIF eracks through which
shere i &irvet contact with ondsr air st bo sealed with gae-proof
pealing. Securing of openingt Lo done bY @siliag thex up, OF fitsing

then with covorss

{6} Bosemend windows wesd for pracetlime JUXPUCSD and not used for
eusrgency oxite way Lo wollod-in with wells tulls 4n freat of or bahind
thon, or in tho wall. folls in front of and behind opanings shounld be
made mith ab lemat o S0-om averlap ab the top and gides. They should o
sanchored inte the min wall with siraps msde Tron stecl rotndss The
fwalling-up of the opsnings maat he dons with iadented ticwins on both
sides of tho cxisting wells For ventilation & Sechoped shaft st W

cut in o wolledsin opominie

{#) If necosssry, the following will serve Tor spiinier~ and gaB~
proofing:

8) o layer of dirs 70 om thick, or s lsysr of sang @b lonst
50 em thick supportod by round timbers, 10 cum in disneter, Lotwesn plonks.

shick wade up of tizbers 5% loast

p} @ stock of logs 40
side the opening

10 o= in ddameter, supporied botuesn pilea driven oud
% be protoctodas

Those solubions #ill b8 ueed only in excepsionsl cacdd aines thoy
ave cnoily Govmged snd roguime constent FALntononeds

{7} The shelier ahould conpnset o 81l parts of the basenenis i
Fumerzoney pasteges must bo wadeo besyeon bosemente Of pulldings contelning
gholtors snd basenente of peighboring bulldings. Thase SRorgency
PASERses B8TO brickewall openings, 70 x 0 o, 153& with limp-moriore

removal, the walls wmsy nob be tiod into the oxiasling

- o Bssure ¢oudy
stpucture wella. The plmio of the welling~in on ono aide should nob

coincide with the ghructurs vellse

5. Dovicen To Gecure Openings

_ {1}__The following caaprice Yhe devices which securd 4the sholter
cponinge: -

g} the cnbtrence lowding intoc 550 oate-chesber {axntewcharbor

A

]

s

door) ’
- - s)' _tha d_dﬂf “ssning Tyos %he—m%né’ﬁgr-mﬁﬁy‘g‘mmi@‘ e e ek e :‘

aren{s).

-~ 300 -
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The inner Aimonsions of these deors ars (.83 x 1.80 M.

H ¢) the windows ussd Yo scoure tho omorgsney czit oponingt.
i The dimenalons of the smnll window ars 70 z $0 om, of the large,

70 x 05 em. Theso windows £iY ogainst tbe outer surface of tho wall
. end open outzard.

{8} So for os protochion is conecurnod, the socuring devices offer
protection agninst ges ond siy presours (Gl devices) or only sgoiued gas
{G dovice}s ALl oponings on fhe cuter yalls of sholier unitas pusd be
Fitted with &L devicoe opening outwerd: within tho shelier units,

G doors must De uoed, Doors between the interior arems and the enioe
ehamheyr should opsn owbeunds,

{3) ‘fhe sscurisg devices exe of sheel o prefabricated reinforocd
concrote. POl typos ayo hung in ongls fzom fromss plsocd In the walls
The dimsnsions snd oxcoublion of the soccuzing devicos are proscribed by
Regalstion Ho. 3057 800, Tho claws used in wollingein the angle ivon
framep must be eprofylly conented inio groowed holess

7, Ths Shslior Roof and its Dineusions

{1} The lavel of the veof over the shelter wsy be 1.5 m obave the
lovel of the ground @% most. If its elovetion is 1.80 m or leus, the
aneltor wail should Be st loost 51 om thick; snd i€ {Y is betwoon 1.20
md 1.50 1, *the ¥all should be at leset 3 o #hioke. If the walls aze
thinper then these roguirements, they must be stréngthened with Ingerior
oy ezberior buttrossing. Tho strengthening wall, rogariloas of the
ihigimens of the woll i3 bracos, should be at lcosh %€ on thiek and 1aid
in comort poriore

i

|

1 {2) If the clevation of the shelter roof is botweon 0.50 snd LD m

shove ground lovel, the roof wwer the cheolier should be nade of et lsast

! two noncombustible materinls, If the slsvotion i 0.50 = or less, the

: To0f should be of at loast cae such matorial.

‘ - {8} “he poof over the shelior, I%S seceBs IOule, ond the routes bo
the ororgency oxits and poseupes mush to plsoned for the Tollowing syenlyw
aistributad loads of Gebeis, in addision to L%e vm weight:

g) in nopesteol siructures, o tobel of 1,000 /™ for the
. gromd ond second floor, ond 250 kg/xF for vach floor abOVO thotes

! - 104 -
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b} in sisel structures, a toyel lead of 1,000 he/m® Tor tho
ground, second, third, ond Courth flecws, end 100 lo/rf Foy csch -
cdditional £loor.

{¢) I io nceesssry $0 considor & useful load capnoity of the
basenent roof, in eddition to tho londs sbowe, only when thers are
heavy machines or concentrsted loads o it.

{6} Flat yoofa srs strongthonod by bracing she sof rivs or roof
girders. iihen pousible, the broeing rmst be dene by brick pillsvs ox
interior dividisg walle. In spooisl ceses, 3he roof glrzders can bhe
brsced by wooden beume held in place by mooden supporbo,

Iz Gotomulning the Biss of the brocidyg deviess, Sxeoph foF LOGOG
out bracing, the peimiasible tonsions must bo incrossed by 50 purcent.
Basoneat collings having soversl geps must bo plaoned for the moad
dsngereus load producod by albcrmating debris 2nd solf-woiaht loads.

{8) neingorcsd concrete girders snd shoets may Lo broced st She
conser of the open spece or st tone othor point, if thore is no reinforcing
ovor the braoing sufficient io absorb negtive prossuree. It is only
negesnary to coensider whethor the lower reinforeing of the doublym
supperted hoam thus formed is suidndle to abeorb $he posisive Tlocing
pressures shich srizc.

{7) Host barrel vewits of the uounl ¢imemsions will satisfy the
civiledofense lond without strongihoning. It is only secessory %o
support the side walle ogainsd tho latersl pressure of the woulbe The
load eapoelty of o venlb cennod be incrensed by brocing 4%, nor con dhe
indaral pressurcs be significantly reduesd in this way. Thereforo,
qoults are not o be Yroced.

{8) ALl existing wolls mithin the avtm into whiob the shelter is
to bo placed that arc oy Isast one brick thick can be used &6 dtviding
walls within tho sheltor. The outer wall® of the sholfer should bo ad
leost Bl cm thick.

Cee s {8} o 212 nplssier on the ogfling over ihe chelior must be yapowed, — — -

zad the lower surface of the cedling must bo whitewnshed, Dlaater on
the wolls mist be loft inteobe

8y  Fipos Runnine Throush $ho Sholter

{1) If ot 211 possible, contral ctemwe ond hot natershesting op

- 105 w
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watar or gos pipor shauld not wun ¥hrot ¢h she chelyer. Homever, this
raguivonent comnod alweys bhe nets when it cennot, then thickeunllsd

381d steel pipes vill crose in the shortest rouic. Drittlc pipes must
1o covered with o roinforced concrote protoctive covering with voth

anda of thie covering terminating outside. lsin ioeka for closing the
prossure branches, caolily uonipulsblo e the chelter, zmeb bo bulld dn,
Volves t0 prevond infiltzation of gas wush bo built into the sower piped.

{8) 7Tho muning of gas pipet through the sholter io forbldden.
Gemeyer, if gas plpes 2reos ot alresiye-cxisting shelter, then the pipos,
end tho motors, Yoo, if ihey ove nithin the sholtop, must be complotoly
aet off Trom the sheiter by wells.

{3) In boeoments contoining vheliers, there shonld be st lasst one

chimey teroinus io the sheller 0rod. chirmoy soot deors or othor
openinps ot He 1EC Jas-prool z1th sccuring Asvices.

9s _Tho Congbruction of Trench 3helterp

{3} The whicle of a treuch sheller is ab least 3 n dosp below tho
ground surface. & Fvonoh sholter may be en opsn or covered trenchy
flaring out at the top to 2 width of 1,20 ue

{3} %hen possible, ¥he tranch shelter should Do splintors and gaGw
proof. For ihis reason the xo0of must bo covered with & layer of dixt ad
ilenet 50 cn Yhitk, ond guow-proof anie-chembers must be ost up ab the
entrances. Upanetrench sholfers shovid nok be wged A€ it con be eyoldsds

{3} The tremoh shelier concisds of o numder of soctions, each ab
meat 8 & long, srrenged sysuetriemdly in s sigezag pattern elong a
sbraight ezis. The individusl scctlons m st be sepoTsted by gas-proot
doors it pospidle. The distance botuson ihe axos of soveral permliel
troneh chelters must be ot lehst 10 my prefornbly 40 De

{4} Ose yronch shelter ney coneist of five stralght sections ot
moeh, with o moxime espacity pf 150 peoples

{BY " If the capsciiy of the shelter i m0XS $han 50 peopls, Entvances
st both ends must be seb upj 12 4t 1o less than 50 pooplo, on OEGTESNCY
exit may bo substitubed for one anirencC.

{8) The structure of b tvench shelier may de soinforced conercts
poumed ot the aite, peofebzieuted pungpole unlte

SeL LT Y

op woodsn brooing similay to mine chafis.

z)
“emiok sizzular Toeddlng,- -
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{7} Tronch sholters venches ruct ve arronged so thot thoir backs
ere independent of ihe shelter siruetiurce

kH 3! 3 above should he
ohe axceubion of tronch chelters o8 Goscribe
unﬁau:'-{':gl}:e:;gnly 1# tho Miniotry of Inbornal Affairs hands dosn sorerate
raling Tor ib.

10s  Closing Taairugticns

1) Tho Hinistry of Tntornal affairs, in Bpttcia} cnses, pey permit
govietions Trom e Gwoadasslds sontained in %his oxlol.

By gl
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Pleure Le fSoe 1o B original/
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. wochsn insoh 10, case of pronsed raterial
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4; anfety derow Satonptoy ChAXEd

5. packing ring funa

' 14, gpevenssion 08D

:. ::::m strikor spring

8, dxop oofoties stylkes body
safoty WXL
fuso body
aly sorew sbalt
yrensport cafeties

aiy soyew
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1. suspension heok
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dotopator

axplosive chores
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| Figure 5. /Bes pege 13, oviginal/
Surfacs 107%, 1 cheree \I® chemge kKL
1, frodily turned earth 13,0 Q.40 = 1460 e
Be 3Izooe sandy soll G40 0.59 arar 112 -
3., ordinsry dirt [a¥%51 G583 - 1.07 ——
4:. ﬂﬁml@ﬁ m& é&ﬁ 0050 ke 3..04: -y
; G, pucksd glayey sand Dab 0.50 bt 1,06 el
‘ e i‘lﬁy; blue Qlﬁ,‘]; mkﬁ’ soil 710 0,8 binad 0,08 1.93
7« oopd odxtures 5.0 .50 - 100 o
8. clay mixtures 5.0 .50 - 1,00 e _
Qe sonlopravel tdztures %5 QW83 o D488
10. leoods, rooky =il with
olgysy sand LaG 0424 —— 080 0.5
11. noad, compact blue cluy 4.9 D% - Q.84 1,70
12. Yimestone, sonfistons,,
c¢loyey shale 3.0 D83 ~ G.92 1,17
3o linoy or sgendy rock EXe 0.85 0,125 Qu08 we
14. granite or goelss 1.6 Q.50 Qo355 .80 .00
15, pine Ga3 Ce3 Qe 165 D80 L
16, ock ash, boech 40 Q.30 0,188 G460 we
17. dry btrick walls 9.0 (28 0126 [s 25205 SRR
iPe Gry BEone walls 3.0 0,28 0,125 0498  wm
1¥. briek woll sot with comend
20« shone well 8% with ¢oment
morter 20 0.80 0,080 QDL o
21, guorry otose concvele 1.8 0.18 V07 D90 -
82, 200 ks/om® concrete 1.3 0,18 0.076 0,70 0,58
£3, 400 kx/ex® conevate 1.9 0,18 0,064  G.80 0,50
B. 200 kgt reinforcad conersie 142 0.14 Q.82 Q.80 Q.47
25. 390 kegfeef” voinforcad 2omerete 1. 0.135 0050 0,86 0.47
88, 400 Egfoo reinforeod conerstc 0.8 0,13 04047 g.gag Ged7
| (ol
4 27. wolesnio alahs vodded inte
! 400 kp/et concroto in at e e
least 13 kb gtrate thicknoss Q0«18 (.15 G047 Qa0 wew
Figure 4. JSoe pege 14, ovigiml/
- 209 =
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Figuve 8. /Bee poge 14,
first loayer
second layer

Pigure 8. /Tos poge &0,
Pigure 7. /Soe pope 28,
Tiguwo 6. /550 pegs 25, ¢
Pigure 9. /599 page 86,

Figuro 0. /Seo page 29, original/
inserior in nob splinterwyrood
sngle izen

Figure 11, /506 1960 20, omginal]
conoroto

angle iren

Figwe 1. [Bee pege Bi,

Figare 13, /Bee pose 52

Pigare 14, [Sea page 32,

- Pigase 5. JBes pege 53,
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Figure 10. /S50 pogs 37, oripinelf
wolesnde etone
oond oy turd

wants or vand

Figwe 17, /[Pee pago 58, original/

Pigore 18. /Soo poge 59, origingl/

Figuro 19, /Bco pago 44, criginel/
lo0ks intoricr grha aoorgoney cxit
ante~chasber
protective wall
Flguve 20. [Soo page 45, origingl/
A=B goeckion
emerzency exit
store of Tira-fignting ools

Figwe 1. /oo page 47, criginell

Figure 23, /[Beo pogo €3, originel]

v A

RS

Figare 28, /oo pego 50, originel)
gnfoty lnyer

! Tieure 24, /[Hev peso 51, origingl]

s‘nmm

I v

e . | e

o T
.
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P

i imzre B5. @e@ page 32, orisiED}?

b
Figuve 26; /Bce poge 56, originel/
intericr aron interior aven
ayto-chanbor
rigurs 27. /Soo pege 98, originnl/
120 peaplo por dooy
i 6 eowrgency exlh
lock ante~chanbey inbarior artn
intexior arca modris capaeléy:
150

in%ericr sréa
G msergtacy oxit

Figure 28, /JOeo pogs 57, originelf
dobrioeproof roof

4«3 seavion

roof edse
Layoud

oinn
=

Pigove 29, /JHos page 57, orig

A«D beetion

Figure 20, /See pogs 58, originall
jointod connection
angle firs comnection

“olekier

\
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Fimwe Sl. /[Soe page 60, originel/

Corzidor

Immer inqor ares  oniGe inner

eren chambay pIGH
inmoez oned

Goxpidor

Figme 32, [Soe puge 61, originsl/
dyy-ealied A&B. soetlica

plonten

15 on valiing,
bound to the
ood Inid with
whito ldue-wmortar Plooy limit walls
lins
Figare 53. JSeo poge 69, originalf

atvest

strevt

Bigme S4e géa poge Tl cﬂgim_l?
seoticn

Plem wiew
Figuve 35. [See page 71, oviginal/
seption

Pian view’
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i Figare 30, /Jeo pape 72, origingl/

i

b

i

! Figare 9. /[Sce pags 75, origiunlf/

Figro 38. [Seo page 76, originnll
G edge

i

E Figure 9. /Boo mge 79, orlginal]

g Piguo 4C. /5oo page 80, originalf

% Pigure 41, JBee puge 80, origingll

!

| Figare 42. /fBoe psge 81, ordginal/

1 Hgue 43, [See poge 83, oviginad/

i

Figore 44, JSee poge 5, origingl/ .

. "

Figuro 45, JSeo poge 88, original/

, Figure 48, /Soe poge 89, origianl]

L Figure 47, [Sco page 89, arigioall

L Figuve 48. /Ses page $0; oxiginsif

t

b Interior oren romp N

t

§ 3¢ [abbreviation snte-chankar -
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Fimave 45. £§ee pege S0, ariai‘rm}.?
intorior sren ente~chamber
L¢ fabbrovietion
1ot Inoug,
Pigore $0. /[Seo page 92, original)
4wo steal spiles, 575 10

thin consrote flocring

A~B sochion

Figave 5. /Bee page 95, original/

insulabing layer roeds, otray, 8bc.

send aixt
»onf Joists
hoard covoring

insulstion

ground plato, 1218,
spacs 2illod with gravel

drain pipe

Figure 52. /Gee pege 94, originall

roplnesd sarth 25 cm thick civenlsr sivengthening
rib, placed every & motors

— insulnting poxtar
reemed during eonstruction
prefardbly 0.25 B thick

rozimos ahove wobsr Sevis piems -
drein or briok mubior
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Flgure 53. JSce page U8, original/
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y4 x /

Figura 56, /Soe page 103, ordginal]
AR Beetion

cbaervation ports, sisel
gheet, 20 = nipniows
Pigure B6. /foe page 104, originall

A3 goctiom

Pigurs ©. JBeo yage 106, sriginal/
AeB Boetion

C-l} saction

Piguve 58. JPec page 108, origingl/
¥roporly joined
Impreoperly Joinod

Figore 50, /Seo poge 309, original]
Threading

Pigure 60. /Sec pege 113, originedf
eubic ares of tho chelter interior aves, fn P

numker of 3iter por
poonle mm:he
within quantity
the POT poTICR
shettor of the sholtar
fepioy bags aven © s v
. in x@ 1itor/minute
oapaelity of
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Figurs Oi. /Boe poge 114, originel/
dohusdidifior
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