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AC Board
StuEy #tl[.

sEEI.TMS MR CIIrjTIAN PBBSONNEL.

I.--EISIOBIY Cf 'Ern SlfUDE. Eeed for plens ard apectflcatlona for a gaa-
aBA boEb-Prroof shelter for clvlIlnne ,aB encountered La tha 0fitee,
Chlcf of eber','l oat warfan Servlcc, early ln the !u@8 of L91fu
Eheae clata rEre AeetreA for lacorporatton la a hanttbook bsrrg
lnepared for uge of tbe alvtL populatlon la obtalnLng paeatvi p*-
teatlos agalnst aerlal bonbardumto rte Gonln or ugtaees waa
requeeteel to preparo tbe plara aad alrcolflsatloaa. rhat arB, 1u
turD'r oal'lEit ulnn the Chtcf of the ^tl.r Oorpa for racomendatioug
1tl conaeotioa rith the type andr slzeg of alreraft bods llkely tobe ueed by al oD'o4r attaokiag cgntneg of ps$:lation frcm the alroIte uatter nas referrerl to Ele.Ltr corpe goarA by prt IDd., o.C.A.C.,
clated august t4, t915, fc recornenrtations cwerlug gqnarilty
the bcnb-prod gheltore ooslderert cultable and aaia aa to bmbg
f,hiah a hostlle alr fores wculd probably saFloy.

II.-IEE PBOBI$I PRESEIfEED. Wbat aort of sbcltar to trrotect eivlllans
llt. .Arerlcan osatles of ppulatlon fro aarlal lrrlhqpaqsnt le itrcat feastble to pmYl&e ln oonelderable runberg und.er eftergemcyooriltlore?

fII.-EEtINEilT FACTS AffEgfII{O 'E{E PmBLBf:

Era gaeral retboil of coatrnctloa to be arlorbit for a stanitarcl
tyf,rc sherter 1g detsrd.ned rargely by tbe bislc requlreueatsof nsa. (Ses .0pperd,ix I. )

tbe oharacte ail amrnt of overhead csrEr la gorernetl ohlefryby the type and. ualglt of aerlal bodb most tl[ely to bc naed
bY the 6Eemsr. (See &lpodlr II. )

&e teehnlcar itetaile of co.struatloa are dtetated rcre by tbeDecesslty for :rapld oonpletlon of abEltors thau by eonaidera-tlons of eoorory of materlarc anil Lrbor rhea both of tbe letterare avallabIe ac la tbe aomt eas6i and tbe type atnrcture tobe arloptcd mrct lend ltaelf to simtfltaaaoug eou.etmetlon ofa anruber of uslte la the ehortest lnsalble ttue.
he problea of ampletlag srfflclent ehelter apaco lu ttue leatupllfled by afuptlon of a type ah,eltan of m,rlmum lnreonnelcapaclty pcr ualtr tblg pad.urm belag urn{teal by practtcal
dlfftgurttes of adleguate eorleetlte protestloa agalrst gaa;
and by tbe neceaclty for a aumber of rcll-geparated, mtrancea
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se aumsrorrs ooffIietlng requireueats tsay d@ara a conproalec,rhicb shourd thea prorrlde for the noat rrnrnadlate, lf barely
adeguate, Irotection for tbe uarranrn nunbcr or piople rtth
s33rng€rats for ertmdlng tho tlegree of protectlon later.

rn the flnar r,nlyElg1 tba prana aad apeolflaatlona for a
type bmb- and gaa-proof ahelter cEouIrI utlllae to tho
utaoat the calnbllltiea for large-s€Ere coaatnretlon erlettngla tho nore lnlnrtat AreriGaE eerrtreg of populatioa, aa
prrivfuiltsg the quiotsast, chealnat, aad gencar].y aoat aatls-faetory aherterg oapahrc of betag Inovl&ed for coneldcrable
aumbErs ln al @r[cEcf o

IT. C0MLIEf CSSt

1. Whtle tbe rcst Efftcta.t method of provltllag shaltem for thapublle agatnst aerlal bcdardusnt rraguea;tiorably LteJ la the relaforee-rent end ailaptatloa of erlatlag bulldtlnge to -arce parts of tbem
rearcnably boEb- aod gaa-1noof, thls nethsil ea!rct bc ralted ulnn toprovldc oaough cheltere; tt 1g fsaalhlc oaly Lf urdcrtakea sfaid"atlseUy
a Log trme beforc an eurgmey, troa tlua lnrutta a lttffereat golutton
for eaoh type'of structure.

2o lJttl.e oan be e4rete6 la the Etrtterl statra, rhsa tJoe ueed
fon suoh pagefr.ve defeaoe Eoaaurcs ls not qppaleut, lu the ray of
requlrlag tbe i[ooryoratl@ of bomb- aad gaa-lroof oharrhcre trto planafsr ner ntnreturee to be bullt ln the rmeillst6 futunr

,. 0ace a threat of aciE1 bonbarddnt bec@ca lminent, attmBtato lrEvl{le shelters for the ctvl]. Inpulatloa ahoul{l,, for the riost patt,
be dlreated toua:rd the oongtnr.etloB of a sarlea of iletached atrrrcturee,
aa pubLle mrEs. suc[ a pnograa, rhlle undoubterLly most experelve,offmg tbe adlvaatagea of large-seare pranatqg, tbc ectabllshrent ofprlorttlea bqced upoa varylng aseda, the furr utlrtzatlol of all
anppllea, eqrelluert ard labor local1y alailable, and the nogt rapld
eo.Dletl.ou. of sheltcra rhere nost D€caEEary, Be.Laterl voruatary
alteratlon of trnlrate trrroperby sLoulel not, at saeh a tttro, be psritteil
to lrterfere by cmpetltioa slth tJre sooilllratee pubrle progrm.

4. Bcst resurts tn true of etrsrgeney ean be secured. by quaatity
productlou at uell eboseu sltee of a stmdar.rd. type of sbeltir aes1gneato Eeet average eondltloas to be expee!e6., botb as to probleas of
eoastrs{retlon aadi ag to the nature of attack to be reeteted.
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5. concur:riag wlth the views of the ordnqnoe Departuent, th,e
fuard belleves that the anssr nay be cxpeeted to employ tbe niniuungize bmb that la of Eufflelent relgbt to acc*pUan tue degree of
iiestlxretloa destredl t€Flnet the partlcula:r typa of target, ana to uee
uons larger th.an ls neoeagary fe tbls purpoae, hrt eatry-the greatest
poaslbJ.e atubar of the Drop€r ulntee relgbt bonb anti thun lusraase
hle probablllty of securlng tbe teeoaaar.1p hltee

6. Ia coaforud,ty with the teaehlngg of l&E .[1r 6orpe BactiealSohool, tbe Boud feeta that the glze oi bonbs saleeteal by the hoetilealr foroe rlLr eoafora erosery to the requirmnents of each type oftargat, as follors:

Br l"f&t ilercIltloa bonbs of aplro-rnatdy 4I to !0kflseraeri-(g9 --lrc pou!at8) la ratebt are adegrrate agstagt areh tangcta
aa ralJ.naSr traeka auil rol1lrg atock; agp,iast alf buliattrsg of steellbrlek, stoqe aDt[ conirete oonstnrotloa, tach,lrlag tbs laicst type offactortea, rarehouaes, tell temlnals--la faet, arl tJrpes of ionEtr:ge-tloa ercept ahy-aorqlerai sgd egalngt Eaterlalc aDd rar m:eitloag ir
Irroesss of uanufaeturc rqd ia etoragco

b. lhrltun derelltlon bde of appro-rqtc].y gJO kllograua
(6OO pouaEa) retebt are adeguate agnlnat eoucrete d,oeks, 1lebt steelralluay brl.d.gee, aad uaitergr.ound, railuays (anDraya). -

.9., Eeavy dereIitlsa, bonba onJyr naLghhg ulmaril of !00kllograraa (1100 psulrda), a!6 effectlva air.fnc[ such m,eslve oougtnrotiou
as Ia found in rarge brful.ges of elthe relaforoed. concrete or heavy
Eteel Etrrptrre, hl& EasoDr.:f arrns and splllua5rer a3d the llke.

7. Oonstaedrg &e lnepouderaqoc of obJeotlvea of l.lgbt eoa-
strustlou la any c,eDtre of psprrLatl.oa, fro, the Iplnt of riew of
actual, unler1t aroa6 irvolved, or pareentsge of vorkars affeoted;the easa of nlde-sread deetruetloa by tb.E rarge rnnbers of rlg[t
rluolittoa bmbal gaa- a,d laeeaetlary-lnoJcott.lcc oapabre of ucrog
&opned la a siogr o mLssloni an0 tbe trosaitoaa military arl.vantaee to
tre gaheil thoeby---lt aemg eoncrusl.ve tht u 6y63a[aim{ug w.,Jority
of al'L alrereft bmbe relsesed over a etty by a hoetlle air forcc wllL
be sf the order of abqrt I0O lnrrnna or J.eaeo

8. A gtaa(Iard tytre of prctectlrc abeLter for the publie gaaerally
Erg[ t&ea be eapabre of reai.etiag bonbs of the effeEtlveu.sE aosobtrired by thoae wetgb.lag about IOO pounilsi at the eaee ttrne, lt nrst
be cs,pablc of beiug nadte groof agalagt evaa hearlen bmbe, by addedt
relr'foreemutr rhenere'r tJre ahalter nust be located Elthli the .rar'ger
zoae of atruoturee agatnst rhleh heavle boube rould have to ba ueed.
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9. rn suoL gtandard trpa, a aulfaee Ehelter ls preferable toeithcn a aclt-8ndl-@vet or cays typer ln that lt ie oapaEle of noat rap[dacqtetion; la uost oonsBlcuous urder arl coailitlona; ts easleat of
entrance aad. evaeuatloa; la leaat affected by grouad, water and. floodl1g;la Leaat subjest to settllng of heavy aonceutritlous of ges at lts
entrauces; affoald'a mat pnoteotlon to arlJaoent buikliags-and undergroraclutUttiear aad ls adapted to ths rldegt r&Dge of sitee, reathen eonrlltlomdtrtng coastnratiou, andl availabiltty of epotal egul1frnt.

10. As lriti eated by reeeat bcl&lng teets la the Uai.ted Statea analslsarh,ee, adequate ov*bearl eovqr oan be povtded agatnat aII relghtaof ilerclltloa bosa; tLat this Inay be aohlevetl largely by tbe use of asultably relnforced bustiug layer of sufttetaat hardneal, attuotlgh ptopor
sbock-abaeblug ailI all$btelbutlag laysra are of eoura€ Ecgenttali tUat an
ailaquate burattug laycr ut1l. euee aII" relghte of bonba.up to and. lnclud-
fn660O pouada, it tast, ts hehave rn practteally ldsntlcel EarDar, loGol
orushlag tJre delay firza oa tnlaet aad rlth but ell&t peaatratlor detonat_
lag araet lnstaEta3eously, lnaotlcally la tha o1ren, so tUat tbe eqfl.oatveeffeet le .rcetly ritiaal.lntedg

11. suqE. an adeqtute brcstlEg rayer reerl aot ba of a hlgb order of
thlcklreaa that lt le tqneaotloabre to prorrtile, altree ev6r a T-uenrelaforoeel brldge floor of eecrcte ovarlaid by a 1lgbt road surfactngat the g?tft tretaril Farqtr (peq Uae Blverl BrlAge prottuoert the abovc
ncaulta, ovea ln ths care o3 fug-nround bonba ilropped rsafen eurl emdrlth rleLey fuzea. &ls furals&ea an ladex aa ts thE oharaetar u6
thlohaae of relaforeed eronclete breat{ag laye to be provlderl for a
e-lanalart type proteottve chelter; at lihe sEDe tlre, the Board iloee aotfeel that gueb a thin burstlng layer te seseesart].i to be consld6red
adcqaatc, a,el feels that provtslon of a g.Ltebtly thlcken bursttag layer
Eay woIL be adopteA g!.aee lt €rt be had rtthorrt appraolably mrre dtffl-orltyr rlth ellgbtly rere tlne dlurlug eonetnrcttot, an0 rtth Ep €nornoua
l4oreasa of raaterlals.

L2'. .$tpa:lently the largest eapaelty sbelter ohanber than eas bc
oonaldered practlcable rlth the colleetlva proteetors agg avi,ll,ahle andlwtth thE aeeeselty for a B?parata estranoe 4O to !0 fect rmoved frm.
arryr other for each 5 to J0 oecupants, ls llmited to aptrrrorlnately re,pcsons; neverthelese, Lt ls bellevait pesi.bra to daaig a type sf gh;mhs3
capabre of belag aoao,strueted ia a gerles or chaln of any numler of
aslnrate tIIIlta of thls alae, rltb cortinuorrs hsarl-oover over the nbotre
sertes, thus gallLhg the mqrirrrl proteatlon, faeirltatlag prograaelve
Ooustructiotr olrorattota, mcl raatctag the firLleEt use of tbe fers sltes tbat
are rlkely to be avalrable la very oongcsterl rocalltlego
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13. Ehere congeatlon ls greatest and ayallabLe spaee for ehelterala extrclely llmttadr lt tray be uoat pr.aetieable to get aalile ore orrcre whole blockE of elale etteet at itc juaetloa rrtth a nain thorougpfarafor a ahail of Ehe.Ltera. thla rould neoaaEitate suapensioa of t:raffioover euoh blocteg only ritrring tbe perloct of actual ooaitnrqtlon, elnoethE bursuer layar ttgelf roultl ba eapable of uee as an elevated, bigbway,a.d fo::n a two-lever slreet lateraeetlon ae sootr aE the proJeet were
eoapleted.

14. The neceaelty for rapld cmpletion of sheltera, oaee tbelrgeneral produetloa uae fouail to be aocessaly, tndlcatect io the Bog.ct thevttal inportaace of bavtng tbe ete:odard typl-aheltcr based upoa uatertalgthat rould' srEely be avall.able ecnrrerclalty ia every city in qrnatitlea
requlred for euoh proJect. xlhe naterlals to be uEea mrsi agoitty u"sriteel' to qulek-nork Jobs. Itt thls Eonneetlon, the rieslrabllity of sbeet-
tl* l:r fo:ms anci of alunlna ccusrt for all Gonorete wonk ia readllyaBlrare[t.

V. BffiOICI{BIDAtrIOMS:

10 [bat a 3$andar(l type of proteetive shelter for use of eivilla!.oia large .0nsrlca! cotree of populatlsa in easc of alr attack be deslgaed,wlth eonpJ-ste plane aad epaclftcatlone Bsoeasalslr to po,it the ereotlonof a auuber glrryr taneouary by the rocal regources of a alty.
2. Ehat euoh etandard ualt be a eurfaee-ty?e shertar.

,. &at e.eh unit be capable of aceomodatlng 12! persons for pelod.e
up to slr houre at a tiner

&. Ehat each unit be &esigned to firnigh aectrrlty againet a dlreothlt of a ba@ havlng the effeettvenesg of the present type of 1gg-pounddoolitloa bomb; aad thst Decsssary ehanges ra tUreU.eeE of brg.ster, ehoclr-
abaorben aad tllatrtbutlng lryere to filrntsu protectlou agalnst J0o-poqndand 6oo-porrntl bombe, reafeotiveLy, be ind.:i.eaied in foot-aotee to the plED,
aad apeclfi'eatlons, Bo aB to perzlt aclaptetiou. of the baeie Etrtreture to4reclal LoeEtlons.

5. that it be capable of proteetlag lte occulnnts against gae,sulface water, aad fire ia adJacent bullctlngs, aE welL ae agaLast bmbE.

6. Shat the uaLt shelter be of guch type and. construeted of suehmaberlals as 1111 allow ompletlon tbe:reof fa tUe mininnua tlus froa thestart of the proJect, by local eontractors aaa laborerE of ord.luary ski1lentl gla63iengg.

7. Ehat Lt also be eapable of construetloa in a coBtlnuoue serlesof ludefinlte arulcer of units, each iadepeadeat of every otber ercept asto approacb wsyg and overhead cover ecrmon to two adJacent uni.ts.
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JPPE{DII I
FASTOHS .AEFESII}Itr IYPE OT SEPAB.UE IROTECTTVE ffiUttffi.

1. -'ig. At the outbreak of a
national emergency lnvolving tne tnreai of an aeil.al bwbardment of cltioE
or ind,uetrlal centere, the elvl11an populatioa w111 take etepe to pronid.e
ltself wltb protective shelters. Flrst attentioa wllL be dlrested to iu-povising euch Eheltera wlthln exlsting butld,lnBgi lraetical eoneiderations
deuand tbat the Laltter be developed to the naxlmrrm. htlrely a6w congtrue-
tloa rust, at such a tlre, !s flmlteci to tbe barest eesentlals go as to
toter:fere la.st wlth mllltary and lndustrial uobili,zaiioq and the allocatloa
91' uqn-powe:r, uaterials and tr=,aspet,. rn aost runlclpal ateag, portions of
buikUngs already gtrniling eas ordiaarily be adagtect, by relaforoment aad
$ag-proding, as adqquate placea of refuge for clvlllans ln oase of au at:rattaok. fhie aan be doe with LeeE wonk and uaterlal, ln ahorter tiue, anrlat 1oryer ooet, than would be ltrvoLvEtt 1a wboIly new eirueturEs of e$rai
pereonnel capacl.ty. Sueb adl.apted eheLt6xr6 hq:ye two furthen advantages;flrEt, they are npre llke1y to be rearltly aaceselble to tbose whom they are
lntendecl to proteoti udr eeooad, by allocation to apeeiflc grol&sr rcmrnentof the latter into and fro thelr own particular Eh,elterg o"11 llguoiry be
moet officlentLy cmtrolled, ul.tbout ovar-crowfllag and rtth the mtrrtrlrun of
confusisn, falae-motlou anil rleLqy.

b. At the sane tlue, th lIracreased nrmber of workers and
eonBequent gleriter need for floor-apaec la certaln plaats 1111 prueJ.urLe
the provlsioa of lnoteotlve sheLtere lnatde the bullcllngp of the estabtish-
nent for the uajorlty d lts employees. In aore easea, ev€ry lnoh available
fon nanufacturlng wi}l be ao valuable aa to reatrlot the latertor EhelterE
to oorrldorE and wash-romB. To rnelatsta uorale od keep up cffloiont pro-
ductlon la the faoe of threatsaeil alr attacks, guBplenentary sheltere must
be Brovidetl outad.de the erietlog buililtnga but ln the lmeditate vleinity.
Slmllar proviaioa mrat be u'de for tbe publte generally, eapeclally ln dorra-
towo arEaa havlng Large arders of eaeualg on the stneete, tn Bubllc parka,
and la raelelentlal il,lstrlcta obaraoterlsEd by 11gbt frarns houaea, whlch are
hlghly lnflarmeble and ineapable of being adaptert as adequate sboLters, anrl
whleb freEuently adjoln ladletrla). &latrleta.

go llrese eelarate protectlva eheltars, couEttueted to supp1E-
neut the aheltErs tnBrovtaed rlthln exlsting buildluls, mrat bel

(f ) $ade avallabLe for use almost iruediately;
(gt Completert glmuLtaneously, in cousirierable numbera;(7t Starterl at a.ny tlre of Xearr regardleea of weather;
(+) Erected ia any part of the oorrntry threatened by

a1r attack;
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t5)
(6)

Bullt uuder rar eondltions; and,
Congtrusbed by loeal cotraetors or volunteer

labor, with no elperience r"lth thls partlcrrlar
type of struoture.

To meet these cod.itioas, lt ie essential that a standarctlzed type of 1no-tectlve ghelter be designeil anti plannect ln ttetalI, reI! la adva.qce, by
govorutrent agsneies having the requtElte knorLedga, ta order that all data
nay be avallable to nunlclpal authorltles rhenever need may ari6e.

-2: tr{et}od of eoastructloa to be rleteraineci.-..8r In clesignlng
a etantlard tya iaEs in ease of ar
aerial attackr the genoral rnathod of constnretlou to be adopted urst firet
be deterrlnod. cholse tg rlmited to one of the folrowlng:

(f.) Srrrface ghelters, aII or the greater part of
whlch are bu1lt at or above the Eurface of
the grounil.

(2) Cut-anct-cover drE1terg, built rrlthtn an opeilr
eroavatioa that is strbsequently baak-fllled
around and over tbe etmotu:rs to provld,e the
tteooaaatTr orerheacl eover.

(,) Cave sheltelre, couetrrrcted entirely belor tb,e
sufaoe sf the grmndl by ni.alag methocls, ancl
havlng a Govor of virgin or urdleturbeel eartb.

E.- Itr detemialng whlch type to aelopt, the coaclitione for use,
tJee tlue regui.red for coupletlon, tbe dogree of proteetion affordod, anct
the fac{l,ltles avatleble (tneLuding perecnpeL, tools, mater:lal, transporta-tton, aud room for coustnrctlon actlvltlee) are the uost inporiant eonstdera-tlons; yetr at the ssmo tiBa, the eost, lrterfercrrc€ rtth stber aetlrltles,
anrl posElbl]'ltles of use for sme other lur1lose aftEr the energaney sholLclnot be orenlooked.

of an aLr a
ctlve she&€r'gr-gr th,e abrr.lptuess

praatlcally lnstan-
taneo[re oeoupation, by clvilLqns iu the lnrnafllqf6 vteinlty, of shelters tbatrtlL protest then frcm a numher of different perlIe. Ilhetlie the aerial bcm-
baFrneat of a metropolltaa ot rnanufaeturlng oeater be an lsolateal ralcl or oneof a ecrlea of systenatie attacke, the bostlle alr force w.uL seek to iafLlct
the utuost dlauage by that operatlm,. ?o thle eni[, the eneqr sllr uee hlgh-
erpJ.ostvls, Lnoea&1ar7 antl ohemical agents, aatl posslb:Ly evea onoke, ia i
c.ooretaated attaek. By high exproslveB, h,e rill try to deuollsh strustures
and inilustrlal equllmeutr ad or,tpple aueh utl].itlee as uater-supplyr.eleetrto,
gaer telophoae and othe algnal, fine-ftghttagr Blpe-Iiae, tgnk-Btorige, and
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Eurface transgrortatioa syatils. By tucead,lary ageuts, he wllr attenpt to
eomplete the destructlon of the obJeetlve and eud'rger adJacent areas byftres th,at caauot be checked, once the utllltles are paralyzecl.. By mokl,
he wl'lL eadeavor not ouly to sereea hls ortr novementi, ror ep6at6r aecurityof the alreraft uaklug tbe attaek, hlt also to postpoae tba diecoverA offirec and to cause traftle eongestloa by collteione, ete,1 tbua imobiltz-
lng vchiclee s'Ithln the aroa for hourar FirlFrlyr by cbemieala, the eueuyrlU strl've to frustrate all efforts to put out iiree or saye naterial
tJmeateaod by the flaree, and to deJ.ay the work of restorationL and the re-surptlo[ of no:mal aetkitles orer a uarlrtrrm perlod. Althougb thege sevEral
tyltes of agente ualr be useti in naay dtlffarent eomblaations arrd eequeaces, 1tls logleal to expeet the eheaieal,s ln tbe final phase of tbe a1r attack anclwtthtn a very few rinrrtes of the dropping of the first bcmrbs.

b. Ae sooa aB an alr attaek on a eongeated center is diseovered,
atreans of Beo[J.e wiLl trnrr touurct the eheltere fr@ a1]. dtlreetlonao &eearily amivaLg nay be frightened but stlU fatrly eoposed. sme mouentE
later-, however, panic-strlck€n ldHvlduale, arong them the ralktng wounded,
and thsEe temporarlly bIlnd.ed by Ure exploslous andl eheelcaLg on retehlngnlth naueea, w111 linp and, gfope and flght thelr way toward sone of the
shelter sotracEe. At theee the situatlon wi]-]. be Ilke tb.at of a theaten
andlence lnstantly eonverrbed. luto a freaaled nob by a fino on tbe etage--
oaly worse.

cr flbe suddon onelaught, and the demorallzatioa prod,uced (by
the blaota of Efeh-exploaiva, toppllng wa1Ie, flying debrls aad eplintere,the tluet and snokel uffarrn{Ilar ftiuea thought to be potaon gaa, the outbreakof firee, and alght of oceaelonal huran aisualties), consrierid ln eoaneetlonrith the uadiseipliaed etate of the eivll population, att deuaad. certala
arrangenerrta for protective ebeLtenf that are elther ururecesearT or lnposslbLefor mllltary p€rsonnel at the froat.

d. tbe abovo eonclltloae ttemetrd tbat the deElgp of a gtandard
type of separaTe drelter for civillans ln eaee of air attask aatiafy each ofthe followlng baeic reguiroeuts so far ae poselble:

Coaeptouous loe&tloa frere crowd.e ean be pred.ietect;
Grq,test aceeasiblllty aa to er,trance;
Adequate orerhead eover rgalnst exploaiveel
Sustalaetl aolleEtive proteettoa agalnet gases;
EmLuslon of rater, tscLudiag dm,iaqge ad

, sater-pnooftng;
\5! Seeurity of occupaate against erbernal flree;
fit FirEt-aid. facilitlea;(6) Ind.epeud.ent utt].ltlee to includ,e nater, Ilght,

sanltary eoavelrioeea, and. tlisposal of
ehonically Goatemr nated eJ'othlng; and(9) Seueral fitaoss for oceupaaey orot a p€rlod of,
several hourE or evall loagero

(1)
Q)
(t)
(ll)
(r)
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l$. Colrgpieuous loeationE.--Rapld.lty in gai-rlng adequate coveris of paranouffiqulree that sbelterg be locatert near
the plaees dx€re the emwda r1I1 be when an alr attact le beguu aud that
the refugees krow bow to reaeh then without delay. T4 ease of lnterl.or
Ebertera this requirment ls eaeily uet; not so, however, in the sage of
separate shel-ters ia Eueb eongested. places as rlowa-town area.6 and weIIbuilt up factory d.l.etriste. A.8 far as cireumetanoes pamit, the latter
ehourd alwaye be givoa lroniaotrt eltes. flhey wirl not, of corse, be
faltrlller ]errdmqnf,s rhen ftrst eonpleted; thelr lmabions oanrot thea be
hnoun to a1l. Vaeaot 1ots are to be used, whensvEr avalleb1e; and. iu Erreh
sases ary blLl-board.s sereeaing the prope:rty nwt be rlgoroualy rercved,
ffteaever conditlors oompel tbe ereetion of eeparate sheltlre fe the
geosnal pubJ,le ou the back lotg, behlnd other build.iags, th6 lack of
eonaplcuous Looatloa should. be offset by nuneroue slgns lacllcatlng the
Eay. Seneral acoeasibiltty ia favorsd, by proridlag eheltera of relativelyftnalI tmlt capaclty, re1] Aietributerl and, ia cosiderable uumbere.

5. aooass.blri.ty of entrarceg.-ig. rt ie vltally rmrortant
that tbe entranees@IftE the atruetureg thonr,q1y"",
be uoet acceeslble froa the e.traet rmder al'l coud.itlors. The protectlve
chamber muet ailntt lnrsonnel. to the Llnlt of noruaL capaclty, or even
Eonewhat in erceeasl nlthout aay huuan Jaus reanl.ttag fro. dei.qya. There
muat be reasonabls aesuranee agalnst all the eatra.eea beitg bloekerl by
debrie frsrn" a eingle expJ.oeloa. .At leaet two entrancee shoulil be pnovlded
for eaeh separate ehelter; tboso shourd be at opposlte ends, spacedt not
lesa than 4O feet apart. For shelter"s latead.ed for refuge of caeuala,
as distlnguished frm organized groupe of workers, oae entrance is requireti
for every 2f 1n:rsone to be aecomoclated. Every eatnanee Ehould be di.rect
and easyr evea at BoEe aacriflee of cover. Sinae the refugeea Etgy be unable
to aee tb.elr ray elearlyr al1y euch obetaele as a Btep or stalrEay is hlghly
obJectloaable. Approaeheg to the shelter errtraneeg should be rod.e]ed after
th.e rampe of a mdera etadlum or othar prace handlliag rarge crgwda.

6. 0verheaiL eover.--Ooaslderations of tbe amount and natrrre of
ovarhead EoverffiffiEcal as to requlre detalLed, aualysls. Thle
ts covered la APPEIDIX II hereafter, heree sll]. not be cliseusaed in tbte
sectioa, except to polat su.t tro aallent factE:

8.o $rffieleat over.leead, eorer for a bonrb-proof ehelter catr
be obtalneA fnlfl three lretbods of Ehelter eonstruction deecrtbed ia Ilera-
graph 2 by the use of reinforced cmcrete, if equipnent, materials, labor
and. transportation are ava1lab1e.

b. It is uot feaslble to coaetruct shelters that are proof
agalnst any eoieelvable rneigbt of airplane bo6; bomb-proof shelters are
grovld.etl oaly such overbead covet as to rasiet the largast bonbE like}y
to be employed iu their riciaity.

-[-



AC Board
Report #f4 - Appen&ix I.

. 7:- 0glles.tiye protEctlon agalnst gas.t. hovlsion for keeplng
the alr wlthin the shelter free fron eontaniaatiouly gas, sonoke aad fumea
lE almogt as aooosaar]r aa fr:ralshlng overhead cover. IL an aerlal attaek
oa sn lndustrlal oeater, rfiether or uot the hostlLe aviatlon employE cheml-
eal agents, the refugees ta tbe ahelters uust bave a coattnuoua supply ofair that lE eafe for then to breatbe. Gae r,ine, eat:rJriag elther artlflctal
or naturaL gaa or a mlrture of the two, norually Ile but a few feet uncler-
grouacl ad conalet of fraglle east-troa ptpes easily brokea by a harnrner blow;
tf not protected by a Uara lnvereat tbey ee ertremely ]_lab1e to rupture by
even the llgbtest tlenoLitloa boeb. Garboa nouoxlde poisonl,ng is a verXr real
dalger. Sewer gas ts Ukely to be eneourte:red, E4r1oslons, flrea ad rater
lu soue plauta nay resuLt ln tbe llberatlon of considerable guantittee of
Llve gt€6qr asphlrrlatlng ald. poiaoaous firnea. large anouate of suoke wiLl
be produced by eonflagratlons if uons is releaeed from al,rctraft. .&I1 these
muEt be exclud.ed froo the shelter.

b. I[lth a couelderable aunber of persons taki.ug refuge ia a
maLL ohanberrJrovisloa for raoewar of the oryg-u supply and rmoval of
€xqeaa carhou cllo:dcle ls laeilepenEable. I1he or.ly feaclb].e way of me,lntaln-
ing a aafe atr supply fon a large gIoup wlthln a shelter ls to foree eoaetart
stream of alrt tlraun from the outsLcio througb aeleguate flltere, lato the
chamber at a pressure sonedrat greater than that of the atmoephere. 16is
sllgbt super-lreasure oauseg an outwa::d. novemeut of alr tb.roug[ arr cracks
and opeulnge; 1f theee be eonflnetl to the eutranees only aod are not too
largercontanlaated alr le effectively excluded., ABparatus for introduciag
flltere<i alr rrnd.er Bressurg ie known as a eoLreetlw proteetor.

c. 0nee seeurtty is Broviiled. against both the snoke and gases
generated by the eity ltael.f, ae re*rlt of a.u aerlal bombardment, and the
torlo effeets of the edraled breath of the occupants of the shelter, pro-
tectloa frcm" the etreryre gas add.s onJ.y slightly to the reo;utrenente. To
begin wlthr tb.e eueny iE aware that every pounil of gaa eemied aecesaartly
dleflaees an eqral. welght of erploslves or lneend.lary ageata he n1g[t otheur-
wlse employ; he will use gas only r:&ea 1t serves hls pr.rpoeer better than aay
other t€6ot. Ee recognizes, too, that against a cltyrs popuratlor, free to
move to tJre upper stories of buildinge, the volatile nou-persistent ehemicaLe
are not partieularly effectlve. Wherever he d,oes reeort to chmicals iu his
attaek on a metropolitan ares. his main Iurpose wlll be the interd.j.ctlonr of
salvage, fire-fightlng, clearing, repalr and reetoration work in the iudustrl-
aI dletri.s.t bombsrded, rather thaa infllctlon of lnjuries to personnel. For
tbig reasoa qreh ehern:ica1s ag he does uge will usually be of the penslstent
ty?e, sucb as vesleatrts, aalculated to cteny aetlvtty 1n the dlstrlct attacked
for as long a perlod as posslble. The prlocipal danger frcrn persletent chemi-
cals arises when ssall guautities cone in coataet with clothiag and skiu;
thelr vapots are less effective aad are flltered from tbe air takea luto the
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ehelter in the Eane way ae other gases, by the oolleetlve protector. Hhatthe shelter mret ftrnieb is first-ald. ior-tndlvid.uale contaminatett rlthveelcaDts before gainlng cover, and meane for neutralizing the chernrcalethey introd'uce on their pelaoaar thus the ad.clltional regntrements of aehelter for protectloa agalnst @etry gas practically are redueeel to pro-vlslon of:

(1) Ah-tiglrt raete-cans for dlaposal of
ssalemi agted garueut s;(2) Soap and water for raEbiag areaa of
the body affestsal by che,nrioals;

B) De-gasstry naterlals for aeutrallzation
of ehemleaJ.s trqakect 1n by ahoea of
the ocauBants atrd for clearing the
entr{urces before evaouation; anit(4) BJ.ankete, llttere anrt firet-alti kit for
treabent of, gas casualtleE.

d. fhe oollectlve proteetor 1g effegtlve only when the clamberis reasoBab:.y Itr-tight. To nlnirrlze the J,eakage of alr at the entrance6,the latter should conelet of a oonridor with doore at both enils, thue fom-lqg alx air-Iock. rroops at tha front, rlth zuperior gas disclpitae and
tnd.ivld'uajl gsa masks, satr uee entranoes constnrcted with sIa.trted, d.oor ftemss
covered rith gas blarnkete hel.d rlovm by batteus. No such d.oorway rirL a€rrefor elvillag use; tt is too ltabLe to d.estructloa by some frantic refugee
aeeklag adtnisElon. Notbing l-eoe subetantlal than a palr of hinged doora
8e€Btul feasible for a shelter eatrance ueecl by the public. [be outer or
etneet door ehoir.Id be prorld.ed. with f].exlble flaps or uetaLlic weath,er-atrlp to keep out wtnd.s bearlng aoxtous firmes wheu doore are cIosed..

oo TbE extreme likelihood of lethal eonoentratlous of gaaea
generatecl by flrea ia factorles atrd warehouees practlcally ad.joinlng the
shelter8 mak6g lt iryenative to lnstalt a ep,acial ty-pe of oanister in theair-tntake of the esLLestlve lrotestor. Onry the all-purpoee type of
eanlster rtll frralEh gesu!'lty frsn tJre fumee to be expected. from a large-
eoale elty flre in tdrieh d*aged refrtgeratlag pleolts, buraing lntroJ.eUnproducts, o1ls, paiate, varalsheE, laequera, oellu].old anct nfirate producta
geacally, ru.bber, gilk ad woolen good.s rill be ablaze.

f. Due to the poeslblltty that lnwer rill be lnterrrrpted as
the reeult of En alr attact, iLe colleetlve protector for sheltars ehould
iavariably be capable of hanrt operation.

6. Ercluslon of waterr. drpinagg and ratar-proofiug.-i3. hovisiou.
agalnst flooAi ii mgn([sX6ry.
ft ie firtile to Eave a group of people from the sorewbat renste riqnger of
belng blowa to pieces orly to subject it to luholeea1e cheuical iajury or
ekoumiag below ground. An aerlal. bonbardment fril-I nearly always cauee the
breaktrg of rater plpes ln the buildlngs hit aEd. the clogglug of eurface
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draLrs lr' the {nme{ists vlolalty rlth debrls. Iny efforts to flgbt flresrill eurely add to tbe local flood.. fte:rE le esaalderable :ctsk that a bomb
nay nrpture a rater naia and st the aare ttue block the mein 8€Ter,r AtqEtsr'-portr elteo, sfteu fotrndl alol€ the Atlaatle saaboard, ar.d rhere theratelt EuPpIy of the clty la lupounded la a legarealr at higher leva1, thepoeeLblllty tbat the dlm nay be blowa out, roleaaing a rldi-gfaad torreat,le uct at all romsts. So eystem of drains, erreE lf sqppleslenteil, by ImI)8,coultl make an uailergrorad chagber aafe oncE tbe garer faileat and the focaii-ty of the shelter f,cao floo0ed.

b. Aslate fro grreh E,Jor dllsaster, there ts tb gvar prasaut
rlEk of conparitfneJ.y smal1 anounte of eurfaee Bator raelrlag peralctent
eheuieala, such aE tbe verloa.nt typer lnto the shaubEr of a-suttqrra[eaugheltar by rllqy of the ramp or etalrrglr eotrancee. gbls rtaneer ls trofolG.
ra, tbelr fancled seeurlty rtthla the ehcrnhen, refugaae Bi.gbt be uaarare of
chenleal soatslnatloa untll crtm,slve lnJurles hail daveloped; it rmrat be
rmeubared that dogree of illsabillty depentl.s upon the eonceatratiou nrur f,l-pIledl by the tlre of expoauro. :Itea, too, the ehaaber rould reaaln a nanageto eI'L ouboequent ooarpota unlese lt were thoroughly rlielufeeted--a1 olreira-tion by llo Drq.a glry,:Le sr octaltl l.tr rosulta tf erufase uater nrne ln or
seqp8 tlrrough.

G. To avold ths ,terrgers of floodtr.g durlrg oecuBaBcy anil of
tha rashlng ia-of, penalatot sheaioale followtng an afr ittact, the flooreof aeparate sheltera sbould be at leaeG aa hlgh ae the grorracl ievel aad thefrole stllrctu]le ltrelf should be rEaaonably rater-poof. galy lf these tso
precautlong be obEervett rlll euah EheLtere. be eotl.nuoualy safe for pubJ.ie
ll$6o

_.9. Seailrrlty,gf geqrl,a+tg agal.nst erterna.I flres.--a. frtth aEpe-
rate sholtere necewartly loeated uear the@ivaE sf hoattle
a!.r attaek, they muat furnlsh tbelr occuputs securtty agahct serloue fires.Ttts *nrolraa three-fold protestioui agalnst auoke, fr;mes and. eteam (ooa-
stdleed ln eolleetive protesblor agetoat gaa gonerally); agalnet Lntroduotloa
of rater (ooasictelect under clrainage and rater-proofin6|; and f inally, but by
Do InBaBs laatr agaraet flanea autl ratttated beat. A goneral eonflagration and
obattuetlom of traffle 1n tb.e cea anbJe,cted. to alr attaek rILI pnevent tbe
aasqpe of refugeaE and eotpe]- tho to keep to tbeir shelterg for a oouelder,-
able parlotl.

b. Ebe provlsio[ of adequate eollecttve proteetion agaluet gas
od of sufflol-eut ovEr{read sover agnfnit ex$loeivae at the sane tioe Becurea
the selnrate ehelter agalust erbeaal flree, exeept as to lts eatraD,oeg. Ihelatter theefore, mret be mt only located as far ag Inselble fron the
bulldiagp, but actuslly h,eat-reslstant. Steel outer riloora are ind:Lcated;
uooden tlooare, ehoul.d Deve,r bo uged aave aE a lagt reaort, and. even then
should be proteated wlth srmor of e&.eet matal, aabeetoe, or wbatever other
nreans nay be avallable.
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by *o opo roo "fi,"Il"f tl i;"ff T,:l:l :ffir;:"Jt';:$r*l-;'#;: -ffi:
as the outer door of a sheLter for city ue6--not only becaus,e it obstlucts
raptd use of the entranee, nay be tora off by frantic refugees, anil is
uot prootr againet splinters, but nain}y because it afforda no eecurtty
agalnst fire,

d.. In conflict with the nequirament that shelter eutrances
be cllrect and eaey of aeeess, eoustderatloos of fire point to the dosira-blIlty of a coucrete baffle or traveree at the entranee, to give ms"cimum
protectlon against flames and radlated, heato

10. @,--9. A eoneldereble nrrmber of proteotiva
she1teIa nay haffihelr oecupants for perlotls of several
houre, or even longer. Only in tho* pcts of a city aot dlreotly subject
to attaek w"111 lt be safe to leate tho shelters as soorl aE the laet of the
hoatile alrptranee bave Gsappeared.. IE the d.istriete bearlng the bnrnt of
the attack the refugeee will ordinarily be forced, to remain in thelr eheltere
untll the flres have praetically burned themcselvee out; the smoke has llfted,,
and speclal traneporbatiou has amlved or tbe poIlce, flreuen aud other
publlc guartiians have eetablighetl lanaE of exlt eafe for pedestrisns. E.ven
then thene lriLl be aasualties awalting removal to hospltaLs and the boctleE
of the ttead,

b_' The sterd.ard ehel,ter muet therefore be tl.estgned, for such
oontinued ocoupEnelr' whenever the emergstrcy reguires. Seate are needed lf
for no othet ltsaEoa than that atand.lng lndlvldrralB conaume nore orqfgen.
Space for Lltters, whlch nay be suelendedl oue over the other 1n rackg to
conserve floor-sBaoe, is essentlali end aa elevated platform for fbrEt-alit
treatneut ls Llkeurloe requlred. Clty water connectlonE aro desirable, but
a sma.l1 storage tauk holding the niaimrn uater uesesaarlr for &rlnking and.
for sashlng of veslealrt-gas cagualtlee ie ind.tapensable, sluoe tha water
strpply uay falI or be contqninated. Toilet facilities sbould be provlded,
An iudependeat source of light shoulcl be furulshed; tJre electrte power
la llkely to be interuupted, yet tba n.eeci for light for examination of
ocoupaats for wounds and collapse, and for enrcrgoncy treatment wll-I be
contt[uouso

11. 991!_-c.p.ci3g.--9. IIre copletion cf euffictent shalten
room1unrniuul@t1y-faci11tatei1bybui1ciingprotecti,veghnmhE3g
of coaeiderable capacity, thug acEomoiiatlng a larger nmber of people
w-lth fewer eeparate gtruetures. fbere ts, of eourBe, a ltrqtt to the alze
of e.trosture rhlch oan bE bullt witb a eavlng sf total coastructlon tirue
for the whole project, ht thls linit le uot €votr aplroached ln practice
beoauee of other reasone lndicatod below. Ia general, savlng of eoaatrue-
tlon tlrer materlals and Labor ls effected by atioptlon of a type elimuber
that rill adeqnatery aceonn'odate tha moat people, espeeiaLry if thsac
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ghnmhsps enn be made praetioalry coutiguous to one a.nother. rf the
latter plaa be folIowed., the least rnovenent of foms and, eqglpent is
:requ1red., ihaps of uateriale nay aerre aevaral obmbers equal.ly, and
some ovsrhead and elde eover may be macle c.rrl.rrrr to two adJaeeut units,
wlth wo:rk progressive through the serlee.

!,. Tbe ltnaltatiore of efficleut gas lrotection, uore than
any other factorr determine the rnarluum number of pople to be aooomod,ated
ln a single chamber. Eaoh solleetive proteetor of the type nor available
1o caBable of uulntalning a aafe qlr supply for about 55 UOfviduals. flre
uee of more than tso coLlective protectors d.oes not pronlae eatisfactory
reaults, in the oplnlou of the 0ffiee, Ghief of the Chemrleal Warfane
Servlce. Ihe largest stngJ-e chamber would tbue ges to be restristed to
201000 eubic feet---a capacity of 16 porsoEra.

G-. Iarge ahelters are provlderi wlth at leaat three entranceer
and lr.eferably ?our, to meet all emergencteg. Eaeh eatrange ghould lead
la from a tllfferent place and at a dlfferent aagle so fat ae posetb3,e,
pennittlug eatraueo and eseape 1L arry eventr htranoeg ehou.lal be spaced
to avolcl clauger of a. eingle bcrrb burat b]oolrrng tm of them, a nlniuun
of not reas thar I+o-+, feet apart anci eeparated by a baffre or simllar
obetacle to debrls. Ia vlew of the laek of tlisclpllae to be expected.
Elilong the civlllan refugees in case of aertel bombanhent, at leaat one
cntranoe should be pmvided for w.eh. 25-fi p€rsona to bs aecorrmodated.
rlthln the chamber. f6[B finitatlon slso affeets the size of chamber
shieb riII be found. trracticable, but does rot operate to reduce the capac-
lty belor I25 persons, stnce four entrances nay be prcvld.erlo

12. @asestialo-Eo rt la crearly feaalbLe to
design an aaequa tbE above requlraaats, if only
the structure nay be bullt 1n tius of Ipace rdren the earlie,st posalble
eonpletion le not uade a raatlatory mudltloa. Such a strusture rould be
adnlrably eulted for use as a pr$Ilc toiletl firat-aicl gtatlon, pollco
sub-Etatlon, etc., ard should coEt brut a trlfLe nore than any other psrnanF
eat buil.ding for one of theee purposos. It wouLd thea be read.y for uae aa
a refuge la oase of suoh a dlaaeter as a widle-aproad clty fl:re, everl though
the alr attaeh sere aever ltkelyo

g. The fast rmalasr houever, that tbe oonstr:uctlori of
sheltere of tbe sort demed aeeeEcary rfl} be defemed unt1l tbe emergency
actua]-ly e:rlsts. lte possiblllty of aenlal boubarfuent of Srertcan cltleE
ls not appareot; and wlth ao ueeeesity fc suoh mee.sures of passtve d.efence
cleanly foreeeen, llttl,e e6a be exlreeted for thle sort of ecnstructloa in
tlne of peaoe.
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c-. The naln probla 1a d,esignlng protective aheltereie, thea* the ua-tter of sp,aed ln constnrcttoa. Any requiraent conflict-lrg wttl. the most rapld c@pletlou of the erterlor, at leagt, will belgnorecl wben the eltrergellcy exlsts. The great na3orfty of eh€tte::e lriIlthen be thrown up ln a belated effort to sesure eome proteetion qulckly.stnce this au8t be the c&se, tbe deslgn of a standard type ehelter shouldstart wtth nlnlmrrm tlme of ecr,Flatlou as the iultlaf reqifrrr"ot ,oalacorporate evsry advantage whlch is possibls rrndsl thle liEitatioB. Theresult wilr necesgarlly be a comprontse--but s coeplomtee type that ispracticable.
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^EEHEHDXE II.
rAqo4g GOUXHUTN} EEE Or ryT[B M BE BryIsEEq Br S8,ry8.

1- @. Eo,icptea.--rn any tuturc rar regcrt agalaat thecoatlneatro uIrcEiiEta@iar uonuar.amnt ef ottra aBa tDdustrta.ltllgtrlotg of grca'b strategic tmlmtauoe ts to be fearc0 l,medtlatclIr
affer, or posslbly bafore, the iteolaratloa of hostllttles. ra suehattaekc, the-,qaoy rll.1 operatc olther g€Frrst aryeelflo obJectlvea oraeElBst eertaln aclleetedl ar6as rlthla aEcU stty r:atUel than agEiBEtthe uualelpallty lndlEarlmlnatety. &e affcati of, bte b@bar-borrwr,
oaanet bc eouflsetl to targets ef udlttq l4nr"Gancc; tt lE inerltablithat the olrLl ppulatioa bc en(laagcle6.I eo-utalntai tuts flangcr topcrsona, protaotive ahlltara r1I1 bc pruvlded in aail ailJacent io tbeobJaetlves llbry to be attaoked ty tlo hoatlre atr foros. lrbe questlont!9u arf'aes: fgal'ast frat rolght of bsmbs mst th,esa protactlve ahe}teraafSonl ceotulty?

2. E op{eet rf !.E Gr@sr.-s, ^lralyelr sf tbls problm
gryua., flr*lEonsr6ratE-nf,? E6?u-bulEct of the e'@trr. srerEtter rtII geek^lg dp=qtroJr }hp nEaf,utraess oi cash atratagio omteattackEd rather tuCnffir. Eho oeraah aestructlm.of a lergc ar*re rot oary lnvolveg too many bqba rnd a far grcatcr
ntuber of alq,lancr tben he can derotc to that alngle taatr-uui it le,mor€ove!, entirely unaoeesaarT. 

- 
lEhe oBqrrs purpoie rfLL 6e aeoqfirlkncrl

oace he suooeedg la peralyalng the noma.r activritee of the praoe, tbuenaking lt of aLaset aegftgr,ble valuc to tho ratloa !.a tLe sonduet of,the rar. $o acoFxllleh thls, the bsstile alr foreo rtll taad to eoaoea-trate lts b@bs upon thccc vrtd lastql}.ationc rhlch glvc the elty ttcslnelal igglortanoe la the gcb@CI of ratloaal Aefenso. ft sllL nsrrnruy
alngtr'e out for u!!1uk theae partteurar naatrfaoturiag otltrletc oromelclal faaiLitle. Elloa rhtch the lndrretrtal 1lfi of the clty ts Eostdlcpeadlent. Its eff,ort rlll be bmug!.t to bear on toure where a noralreault aey bo aatrellnteel, but Eere espcclarly on stratcgi;ur polute
nhene lt rlIt at the gane tlme errrtall the duratlsa of the sar-by ellml-nation of vltar reEoureea: depote, ro:rkahops, publle utlllttea guch aagaa, rate:r end electrle Blauts, tranaportair6a systoe, and so fortb.ft wlII try to erlp$o theee la the ahorteat tlne ead rlth the feryestpoeelbre alrcraft. ru sueh effort, the forn of attaok aa rell as tbeapeeifle obJeetives 1111 varlr aoeor€lng to looal el.rcrtrrsts1ces, but tuevery eage the GD@y 1111 uploy bonba of a size or of stzeg caloulaterlto produce the Barlrllrm havec 1nr peuad of bonbe dlroBped,.

b. -&11 elttes sf eoaaequonec rithln the lndustrlal regloasof the lbtteE Statee hane theae potnta ia m@a:
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(a)
(b)
(e)
(d)

(e).

(f)

(s)

(r) Ehe etorega, sritohi.ug, repalr and transfer ]rards,the fretght tsuinars, together rlth lhe muEroua factofo,ear'
rarchoueea, uatellal yarrta, and utllltles along the ratlwayithat pouetrate the oity, eorlectlvely eonotituie uoat prorit-
abre area targets for hostl.Le aviatlon ra that they *i---

Large ln erbent;
0oaaptcuous fr@ the alr;
Beartlly ldantlfleit landbrarks;
Ertremaly gmgltlve polnte as affeoting

lnduetry general,Iy;
Bottlpoecke througb dllch the great uasg ofrar anrt f,tnl,aheil proihreta ef the olty mrst

aeceeearlly paes;
Beeervotrc oontat.nLng at a1t tlnss a largc

buXts of the usbil.o reggrres of mtcriala
rLth!.a the ladustflal dllgtrictS

Oeuerally apeaklngn ;trrraturss and 6{ulpeat
of ltgbt eorstnrotloa oubJeot to dlEstrrtrctton
or serloue imagc by even the ltg[test
ratght dalltlon bouba;

Etghfy taflsqablc nftagprcf, roaohlng into
the very heart of a eity otherrleo qulto
lmne to rldeoprsad flrcs; ardt

Breaks lu tho Eunlalpel htgtsrsy eyotue
elvtdlog tbe latter tats eeveral dl,lsilaot
road-uEte rl,th rclattvdLy fcr conaaottng
tbomughfaras aail theEc ltable to inter*
nr3$lon by a geaeral. eonflagratloao

(el flanktag the tnilnatrtal bclts a.loug the ralrrays a]ps
Eongs of cheap, ooagestcd bouolng of the laborers rhs uvirith{a ualH.ng di,ataaec of thst:r Jobar guch renss aro glvea overto fllnsy fraoe gtrueturea or to butldllngs haltng rooaei f,loora,atairreys, laterior lrartltlasa En{ roots; b}.oakg are aortdJ!5r 

I

bulLt up as a rrrle, aad preoent a great ftrc hazard. Dey Leeo!,no utlltary 14port*nca la theaEalvea, but ssrve to crtend, tbeeffcct of bmbaldment of the ralrnays a;o htlwtrlal prante 
"roeth,e traoks.

(t't &pl[oyeea rb tlo not li.ve vtthtrt uarklug dlstaree ofthelr Jobs are Largely dapend.eat ulron ruburbaa trata, ctreet--
raJ.Lraysr or nstor tranrportatloa to anrl frm rcrk. iheee
suburban tralns oBeraGe over tbe ralrm5re ruonlog throrngh 1bolaihrstrial belts, dtutro the etreet ratlraye ard uotor bngpss aleoare llnkerl to tho rallrays ln nost preca"louo manner; they oftallrrrn Snrnlrel and aroagaldc tho ratter for oonsldcrauig atstaaoesrltb their trojlley rlnas q'd loadbeda rlthln tbo ilanger zoae ofbonblagi La othar casos tbsy aglneaeb tbe irductrial bclta rrragragthe rat.lrraya sye! a fer Etreots traverslng tbe zon6a of eheap,lnflaarrable hmralug meatloned[.

(h)

(r)
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(lt) flre arEaa betrcen the aeveral industrlal beltr are
oharaeterlaed by atloeesslve bloc&e of llght etruetlree uoatly of brlck,
stole, gonorats, and othen peruanent naterlale. Ebeae zotreE conalat of
apartaents, Loag rowt of bouaes, Btorec aad offlce buirttluge, and. tbe
Ilke, mith, iletached frme houser beeoning troto comloa tosard the alty
Ilmite. All butLdlngs of thls sort are ltab1e to destluctlon by the
malleat d,enoDtiou boabs, but .are eomlraratlnely lrtrnrne to a general. flra
under edlrary elreuus.ta[ooso Beeause they have ro nlllta4y tmportaleo,
they do uot eonstltute profitable targets fc Eerlal boobardneat at ary
tlneo

(r) fhere are also ln every large clty a coueldsrable
number of Etnrctures of necllum-heary oonsbnrotlon groutrnd, for tbe troct
lnrtr cloaely togethar 1n the down-town busiuess illctrict. fheEe laoluile
sueh works as thE modern sky-acraper, certatn prbl.lc bulldllngs of thE
heavleet mnsoalyr eubrays and elevaterl rallraya. AII of these are
pnacti.aalLy flre-proof atr(l go surrouilled by simllar gtruotrrres that
danaga fnom aerlal bmbarrheat rould be extreuoly looalizerl. Baeause of
the extsstve uEe of gtnrctural ateel nnd ralnfo:reed. eoncrete they are
oonparatlvely proof agatast the llehteet d@olltloln bo&e of appnorlmateJLy
l}5 to fO klJ.ograne (99-110 p,ouada) wetgbt. To a€eure effectlve reaults
aSalnet then the eaeuy roultl have to euploy medlum-relgbt bmbe, of about
500 to 6oO pounda oaoho A.lthorub a butlding struek by suoh a bonb nleht
itself be pnaetleatly dmoliehedl the other build.ings ln tbe aams bloek
aould be erlreotecl to remqla intaGt. Fcs etructr:ree of medlun ooagtructlou
are vltal to the esalm€rsial llfe of the elty, lnssmueh aE tho gFeat
reJsrlty eoataln offtees aaA storea effeettvely rlupllcatecl nany tlnea
ovolo Shsultt ary of these offlees be rlped out by bEnbsr thetr recetabllsh-
rent elaorlrere rttbla a fer tlays la altbgether probable. Evet the Loag
of eeveral lqrortant e.to:lee would affost the elty but 1lttle. Spakin€
genarally, tbe rorkg of mctlun corstructlou cannot be esneidered eepecla3.Iy
profitablo targeta &r ereny avlation, ocl fro thle atandpolnt they fall
far ehort of tbe rallway-luclustrlal be1tE ftrgt uo,tloned..

(61 lrinql fy, eaeh larye elty haa a reLatively fem
stnrsturee of heavy emgtnretion, whieh inelude such uorka as the largeet
ralllray and hlghray brfulgee, reinforeetl eoncrets ard rusonry doeke, the
dans of ,.1pp-3lg?ar altes and of lmportant water reger"roire, ralkay under-
pasaear ssfi trrrnzrelEo Wlth fem eroeptloner thaee stnrcturea 8re eltuAtoa
outside tho oangestcdl areasi uoei of them are fsuEd over rlvene, orr large
botllee of watcr, or at the out&trts of the cltyr As a rulef each of
tbege sorke la untqae aad of yltal. economic lqrcrtanoe to the l.ocal.lty,
henoe for thla yerlr rqaso ia ].lkel-y to be attacksd by the on€Sr. BotLe,
homver, le an area ta"rget ln aoy BeEse. Ere dlestructlon of a4X one csn
be aeeongil.lsbed frm. the alr only by a preclglon bcmblre operation lnvolv-
1ng, for erql16, frm- alx to trenty airplaaas eaoh carrylog aevera] heary
derclltlon bods rolgbine uprard. of 4oO ki1ogrqms (660 pouniis) apleee.
&'e enmy wtIl tr:f to pLace everTr bcnb rttblu ,0 feet, at Least, of scue
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crltlcal part of the structure attacked. 0o accouat of the precision
attempted,, the relatlvely aoall number of bcmbg &roBped, aod the
generaJ- isoLation of the target, pro,tectlon qgalnst such beavy bonbs
be@mes a very apeclal caee and does aot properly faII wtthln the
maln probl,en of boulb-Broofe for the publie generally. Ibe provleion
close to Euch Etrueturoe of eheltere having headcover euougb to
vrtthstard tbe bearlegt bombs ls utterly lmpracticable where only a
fes workere nlght posslbly be eaugbt at the gito at the outset of a bomb-
iag attack. Comn aens6 wiII preclucte the eroctlon of shelters for
tb.e publio oloser than severa1 bundred yards to such atl objeetlve; even
that dlstaroe wtII ordlrarlly be exceedert unless the tro6t rrgent coagiil-
eratloner as le the ease of a trasport doek or an ertrmely Long and
erorded. paesenger brtclge, eourpeL a cfoger locatlon.

g. CompJ.ete deetrtstlol of tle obJeetlve ls not alwaye
aowbt by the etreluy, hence tbe mudber of bonba to be eqrected ln any
Iooallty le eertaln to be gulte llmlted. Iu thls seEse, aerlal boubar{-
rent ig not e@peable to the lnd.irect fire of artlIlery oD imporbant
oh,jectlves beblual e ntlttary front. fhe eaauyts air force can aee the
effect pmduced furlag the progresa of tbe ope:ratiorro Lt wiLL therefone
eontent ltsel,f rith the aystenatlc tlegtruetlon of vltal mEII areas that
uryr read,ily paralyze tbe entire pmttuctloa of an lndustrlal di.Etrlct.
Onee tbe fleslred. d,egree of destruetlon has been accompllerhed the obJective
ln gtreatlou w.lll have been redueed to ueg}.lgible ullltary imlnrtance, not
wortby of furtber attack. ThiE attitucle oa the part of tho enery bas a
moat stgatfiaent bearlng on the a.mount of sustalaed bonbardmeat whldr
any proteetlve ahelter nay be expected to hsvs to reslEt.

1. B0ItsS 10 BE RES[$IED.-9. It followe fr@ the above that
the slz6 of borb to be resieteA by a protectlve ehe}ter rlepeads aLmost
eatlrely upon the loeatlon of tJre sbelter rdtb raferonce to structuree
tbe enery mlght eeelc to destroy.

b. fho Ordneaee Deparfua.t has enunclaterl the general rule
for ohoiee of ?ize of bqnb, whlcLnay be erBressed ae follose:

(L) .trIways use a bomb of srfflclent slze to
acconpllsh the d.eatrtretion d.estred.. IF
an lIOO-Ib. boulb le requlred, tm, 6OO.rIb.
boube riLl not euffiee.

(2) Eavlng dletermiaecl the proper size of bomhr
narrer uE6 a heav-ier bonrb, but earrTr more
of the proBor elze lorer welght boubg
and thus lrrorease the probablllty of
aecurlag the neoeseary hltao

he hostlle alr force may be erpected to observe this ruJ,e, uslug tho
ulni.mrm weig[t bmb that wlJ-I accmpllab the erd ln vlew, for each
ptsrti.eular type of target.
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oo Refereace Data publlshed by the Air Gorps Tactlcal
SchooL lndicat6e that the 1gg-pound demoLitlon bomb is adequate agalnet
aII types of struetures, equllment and uateriel of uilltary importance
ln a elty except:' (1) sky-aeralnrs;

(2) Liebt gteel railway britlges ]
$l Ilndergrouad rallwaye )- requi.rlng 500-lu.
(4) Co:rcrete docks )(r) Eeavy gteel RR bridges )(6) Relaforoed concrete pier )--- requlriag lIOO-lb.

bridges )(7) If,aselve reiaforced eoncreto
auepeasion-and-pier
bri dges

(8) Elg[ maoryy dane anit
spi)-3.waya

)

)

)- requirlng 2000-tb.
)

)

Analysis of all the targets lreseated to the hostlle alr force rithin an
important lnd.uetrlal dlstrict or large centre of potrxrlatlon rllL sbow
that tbene ls a gfeat preponderanse of targets agaiaat wh.ieh the 100-lb.
bombs would unEreetionably be the uogt llkely unleas even l_lgbter bmbg
of the tleslred, d.estruetlveaeas were enployed.

d. Slnce the workers in eaeh esseatial wa:r-tiue lndustry, in
publtc utlllty-plantg generelly, ond even the general publlc ln erowd,ed.
areasr alL would require headcover eufflcieut to protect tbem against the
bonbs 1lke1y to be dtnoBped by the euenry in the particular area ln whidl
they each ord.inarily aer lt ie seea then that tJre qvsrsfuelmiag uajority
of proteetlve shelters provid.ecl requtre, baslcally, onerboad cover suffic-
lent to reslst bombs of the affeetiveness of the present-rlay t-O0-por:nd,
denolition, bomb.

e. At the same time, objectives of lmportance whlch probably
would be attaeEed by the bostile air force with bonbi heavler than the
lOO-poundler filay also reqirire bonblnoof shElters near by. If tha Etandard
type of protectire sheLter ean be ac[apted by thicker br.mgter layers andl
deeper shoak-absorber aad &istributlug layers vlitb.out otber rnodlficatiou,
lt would sorve for these special catseE argo. such ad,aptatlon seens
feasible, ia viers of data im'ned.tately followlng.

4. Cbaracter of bureter layer.--a. Protectlve works to realet
hieL exfrloolve inliet and thea detonate are
based upsn ttre priuei.ple of causlng detonation as elose to the outer
surface as poeaible. If penetratlon of the projectiLe can be restricted.
to a negltglble anount, the mining actlon of the erqploslve ls min{m126fl,
the erplosloa ocsurrlug ln Inaetically free Bpace wlthout tamping effect.
To llmit penetratioa a deuEe outer or burater layer ls employed.

b. Beceut bonblng teets at tJre Swlft le1aad Serly (Pee Dee
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Blvor) Brfulgs damnagtssted. that auy e4ploslvc b@b ilroppc0 frou anartltuda not LesE tha'' 6000 fcet, or uivtag an lnpaet veloelty exeeo6lng5oo-rtleee, t! d,etonEterl arnost tastantaneausly up,oa atrlk!,ag oueh aregl'gtant qrrfaee ae reluforced- oonoreta, rtth-oaly augpt plaetratlon.rn these testq bmbe up to and tnaru0tagthe-Goo-ri,. udu rim +nFroyedreo9 both ths Jto0-lb. aatt tbe 5oo-ll. aostttroa bonbs rlth delay frrzesstrlklng the brlatee fLoor of but f lnches sr riutoncod, oonoretc 016r.-lald rlth llght mad gtrrtaolng garo praotloally tnataataneous detonatton.OnLy oalr horea were tora in-the trioe" fl""i"w both typcs of bo*bs,thc 6oo-1b. bomb o-ut gone sf the relnfolehg rod,B rhile tho ]00-1b. b@bdtd not; an{ tbe 600-lbr bonb mdc about trfee aa large a holc ia thefreor as tbe ,00-1b. boeb. ra thie oonaestrin, rt-A;-u 
".i"a th,at the1nsalbllltiea of loager'-deray ftuea, to parrii'f,.rtbe, peaotratloa beforedetonetton eBp'ar to bo ercrrmor.y |r$.teir ;il";;,j0:iul-tiilLoppedlaafell antl aot amed at all d,etonate0 o" irp"oi due to curahtng of thefuze by forea of tmlnet. Elrll,e thc tcst la-li-ltee, lt la feLt that the/-Lneh raiaforoeel oonorete gurface rrqtrr a€rve as eln 1d,ex to thc thiekneeeand. charaeter of- brrrster rayer that sioura ue pmvta"a rr= piteottveaheltere, even though a burstor layer so thls is ast necegsarlly to bsooaglderErl aa rftolly safe for bonb; of raeitlru re.rght. J

e- .-+ oasa of proteetivo ahorterg eoagtructedr, beh,ind theI}negt a rcaFttthic-rqyer oi 
"pp*prlate retaiorcmeat ano tblahaecEshsuld' be aot esrpalalry dlfflcul!-l: p:""ra"r-r**oeh as onoitouu* Dorsermtxeg of ret ootrerete shoufa be avallablo. o '

d'r g"-o,g" of gulets-hardgalng, or a*ntla, oment ooasratetn place ot itauaaFd hltl"ana eement rs riireit"a uro*"e tbe fomer attalasabout ffi ot lte full etre&gtb ildLiJui;;JL, agarnct El[ rtaya rorBor"t1aaa oeraent ooreretQ. gsc of the qurei.&areaahg oaent ls lrd,l,cateiloData as to tha rel.attvE atrengtb aat ayarrauriity of the arrnina ceuentla ast loeaLly avallable. Ia oasc of eoqbt as to thc avallabg,lty of thlstype of esneni averyrherc tul sufflelent guantiti""r-pr*-"dd-;;;"lflcatloncfor a staadore tyln of ooEcrete shol.ter frrgni-""u lattloatc data for eachty:pe of eaent, to perutt altematio. uonsfrouti"o.
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&{dy E?, Lg$.V

Iitudf l{o. 14 - $helters for 0lvfltan Fersonn*L.

I?nerotdent,
The Atr florpo Eoard,,

}exffill Fhld, .A,Iebam,

Eha follonlng ktter froe thls offteo to ?ba AdJutant Goneral, &-gpther rlth let rr'doraureat therrsto, is quotEd for your iaf,ornatlonc

Januaryr 1*, lgg?

$nbJootl str.rdy so. L4 - shsltera fer slrtlx,rs porsorulel

?or Xho /tdJutaat Seneral

1. &e attached ;,tu{y ro. 14 - il$hal,ters f,or ctvlllaa pcrs6r*G1",
uthlch hae baan approveii by tho cirlef of &.e Alr corper, 1E forrarded. for yo.rlnformatloa.

8' It la roguaatad i;hat tbo laesramcndatlone o,f tto Atr oorps Bos,r{be apBroradl ao a poJ.i,oy cf, the tfar Dei]ertgput.
Itor tbe ehlef, uf the ALr Soryrrl

(s) Y. B, Dllor,
Lleut. Seilonel, Alr Corpa,

lat rad. 
&eeutLve'

![ar DeFartnent, A. o. 0., Hatrr L0, ]gs? - Bs tho 0ht6g of tha Alr 0or1pa.

Xt is not ileetlsd to publt,aL FLrna aad spwl,f,lsattors f,or g*c andbonb-prsd &elters of tas pal'enoat tLns. flonsldcratlea aait rooomtadattroae ofthe.&"i'r sozie Board, Eontalacd ta $tufly 14, rsheLtar for ctrtgaa Fersanelf ,haa therefore been defared.
oopy of the roport bas bcea rrlthdram for ftle la thls of,floe.By order of the $ecretary of, ?far:

{"} H. sl. Houmholder,
ArtJutant 0snora1.r
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'fla:r $aparlBlnsnt; Jr.'G. *.r l"hy I0! 19$? - Sg ?tto {tht+f, Of ?be Alr 0omi.

It i4 E t il*ELrsd to p*bLtrh p&r,ar end opralftorttant for ga*
qd halab*3rcot elr*tt*rf rt the poaaut itar. Sg*11{€ra+16s qt& raoopn6*-
at!.*a* mf the i3-ir *ory* Eor*rff, Lante5.:ts6 ta ;itu6y t*r *ihelt*r for clr!'11**
fer**n*eLr, h*# tharsf{ile }:eun defa::red'

#cpy of, ths rcport hal bssn s!.tbdrara f,w flle La thtr sf,flst.
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BBlsr

{s}

trlpuary I{, }9S?

gtu*lgr llto. Iil - Ehaltcc for 0!,st1tan Fersmntl.

lh+ Adlutent Osneral
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$ffinffi[t$f; FOR - 0bt6f of, ths Air Oorpo:

SIIBfffif - A1r $orps Board $tuiltEa ffis.
{

14, &$ aBd 88,

tr. Lecor',61afi to tle rgssrdlu af t&.o Fla^ae Sectloa, Atr Gsrllt
Eoar{ $tu0lsc Soe. 14, *g erd 88 bera baaa forrargd to tho Chlcf, of,
ths Alr 0orga; &oncnenn tblo 8#ttoa Eaa no rmor{ of t}asae *tudtsc
havln* b*rn retrnrnpd.

8. &,ecs stuAlec bavc bos rcrlar€{ btr &e Flans Soctlca sni
tbe f,oll.otrla& sctXda ls rec@cailodln ln ordar that t-be ctdlar my be
of suthor"Ltsttra rqlus to the BorfiB[nel of, ths flf,fLe*, 0hl*f of tts
.&,lr Somoi

$p,ur. m, r.l - srjc:?ggor qq?ffi,8_sE.slqltl4ffi

&r Alprqrsl by trlra 0htsf of, th, &1r oorpo.
E. ftat a oopy ba f,trua*ahed to tho E'ar Dapartmcut

for tbatr laf,or@tl,ca.

ssqtm m-. 85 - wEriie s?s 4r8 rqExr ry]sflgffiry ss r3.ffi.8 $ERrxpq

Br *pxu'otcL by tla G}lef of thc &tr 0orp,o.
E. x.hit a oopy be ftm,lrhl{ !b* Ernrtemaetsr

Oruerel, thra ?bn AdJutrnt 0rmral, m-
qwstlag [t bo glr+n Our coaslileurutlm
ta tbo rlovalapmt eait Broaursurqt sf
trutaga.

Stffi? ffi. 88 - PRSPEtsED f{tr8 OEBB$ ffirAffiIef,

elr Appreral co a guld.e fur oso'r0!.nated plann!,r9.

ISotc: ltrao oopLac bare been fuai,lh*il tha l#ar Fa?artnraat.

t'{}sH g. LI$CoX;tr,
Coloue}, ;ll,r 0onpo,
Chtefn PLana ScctlEB.
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Air Corps Board Studtes.
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tr{axsrell- Flelti
Moatgoaaery, Alabma"

Study So" I - Tost of Fluorosuifoala Aald _ Sulfw
trloxLde Smoke Xlrture

Study No. 14 - Bomb proof Shelter for Civllfaar. //
Btud.y ido. 24 - Photographlc Equllmeut for GfiQ, AI

Oboervatl oa Uatts (Confldentla1)

a.M.I.

(See study lilo" p4 for copy of letier submttted.)
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