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VZKDOW AMD CLASS BAZAItDS VmSM 
VAMnNi o o m ^ z o i s 

SECOMMSinaQ) PBDtBCTI?B MBASOSIS 
tgr 

VoXtoft 0 . Cltatk 
of 

Pt^blle INrtldinfO Sorvloo 
ChHMroX Sorrloo AABlaiotration 

D}o World War II otoalo boiriMi oKpIodod ovor RlroiAiiaHi and lagosaki 

eauaod eonaidorablo atnietvral daottgo t o buHdiaga looatod aa aneb ao two 

ailoB from ground aoro, tho potat diroetly boaoath tho os^Xoaien. Oaaofa to 

wtndows frcMB the »»am oxploaiana oxtaodod outward oi|jht adioo ffoai grotasd 

soro. Tho aroo of glaaa d*Ba«o vas approadaatoly aixtoon t iaoo «o groat ao 

^10 aroa of atruetural doMogo and a Xarga poroMitAgo of tho ll'Vtttt toooal-

t loo iforo injurod hy fXying glaoo. I f larger boriba aro oaqalodod tho arooa 

of daaago t d l l bo tneroaaod. for mamgllM, aa tho \toah oiao ia tneroaaod bgr 

0 tlaoa tho rwUu* of daaago la doiiBlod* tlioao faota ladioato tho Bood for 

dlaaosdnatioB of a l l available Infonaotloii rogardlag gXaaa and wliidov hoMrda 

asd moaauroa «hieh w i l l in any dogroo • In l i iao tho o f i ^ t o of OBomr ootloa. 

Soeh aaaauroa %rill alao roduoo tho haaarda toiMn>atod bgr poaootiao diaootoro, 

audi aa oxploaienOf tomadooa aad hiirrie«Ma. 

I t la tho pansoao of th ia bttllotiii t o awMarlso ovallalilo kneirlodfa 

oboat tho offoeta of atoale blaata wo. glaaiag and wiadow owaatroatiitt and o«t<-

l i n o , inaofar aa proaoat knovlodga povodLto. thoao atopo idiloh oaa bo toiMB 

At a roaaonable ooat to rodoeo tho extant of tho daaago to vtBdewa mA th* 

nuatbor of eaaoaltioa eauaod by flying glaoa. 
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While It la roaliaod that roplaoonoBt of window frame, aaah and 

glaaa la ojdatiag atnaeturoa with aora roalatant aatorlal la not gaaorally 

foaaiblo, there la oo quoatlen that uao of atroagor glaaa and eorrootly do-

aigaod wiadow iaatallatloBa in all now eonatrttetl<Hi, over a period of yoara, 

would greatly roduoo tho daaago aad la^ioa roaultiag froa any also woapm 

dotonatod over or near any aajor eoaoantratlon of population* Any dogroo 

of Drotoetloa which oan bo aohlovad hjr oorroet praetioo rogardlag tho opwalng 

or oloaiag of windowa will doorooao tho t«tal glaaa haaard aad la, th«rafore, 

wwrthy of ooaaidoratioB. 

Wiadow frone a and aoA aro generally oonetroetod of wood, alualana, 

stool or bronao. Iho roaiataneo of tho frano and aaah to blaat dopando large­

ly en tho aroa of tho window, the typo of dealgn and the atrongth aad rigidity 

of the fraao neabera, rather than en tho aeterial uaed. 

OwMrally tho waakoat porta of a wiadow assembly aro tho eroaa 

piaooa (amatiaa} that divide tho osihoa iato aaaller glaaa aroaa* Saahoa 

doaigBod with interseetiag anintias are partiottlarly susooptible to blast* 

ladividusl psBoa of glaaa ahould bo llidtod to an aroa of throe oqttaro foot 

or loaa, whan auch aetion ia faasiblo* Ihla aav bo aecoapliahod 1^ aao of 

abort rigid aontiaa, either vortloal or horlamital, aot intoraoetod by other 

aaatiaa* 

Boaldantial windowa aomally bolong to m e of three baale typea 

known aa eaawaonta (laawlagiag or ontawlnglBg), oaaopioa, aad wiadowa with 
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doBblo-Jiaag aaah. Ia btilldlags for pobllo use ^ooo osas dssiyts aay bo 

found aad la addition projoetod and pivoted typea, and thoao with aaah 

hingo^ 'Kt bottoa and awinging inward (hopper venta) aro eoaaon. Skotoh Ho* 1 

lAiowa the aoro o<»mon typea of windowa diaouassd in this bulletin. Mo 

eoneltttivo evldenee la available whioh would indleato tho ouporlorlty ^ soy 

one of those typos over the others. 

Table Bo. 1 gives S « M sffooto of atoaie blast on various typss of 

windows and glaslng aaterials, uiKler rofloetod laroaauraa at tturoo rangoa. 

It ia rooognisod that the data are not ooneluaive but do give aoaM Indloa-

timia of relative strengtha. The rofloetod proaauraa of 2, 4*2 and 7.4 pal, 

mi wii»iows faeiag the blaat, would be produeod by on atoode boob aueh aa 

exploded over Japan at diataneos of arprooEiaatoly 3, 2 and l«>l/2 alios ro« 

speotivaly froa grouDd soi^. 

Preferable Position of Sashss During Hast 

Ssveral f aotors antst be eonsiderod In detemiaing whether wladows 

Should bo opwwd or elosed at the tine warning of a probable eneagr attaek is 

received. Glass will not stop laxnr apprseiable aaount of th«raal or initial 

Bueloar radiation. If uabrokoa, it aay oliaiaato radlatloti haaard roaultiag 

froa "fall-out", that ia, the dropping of radio->aetive dirt partieloo aa ^ o 

boab dlaturbanoo aubaldoa. A naif era praetioo of having all windowa open would 

perslt a aoro rapid oqualiaatlon of interior and exterior blaat praaauro and 

would, therefore, roault ia loaa total br^en wiadowo froa any partieular blast 

than would result if all windows were elosed «id fewer oasualtlos froa t^attorod-

glass would result. Open windowa will, to aoae dngttm, iaeroaao aooondary fire 

haaarda and would fs«llitate entry of any war gaaoa whioh night bo looaod ia 

the aroa. ^tih ineroaaod warning tiae and probable evaeuatlon of a largo 
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part of the peraoimol trtm target areas, the eontenta of bttlldiags whoro 

windows wore left open would be oxpoeed to the eloaents sad posslblo looting 

for considerable perioda of tiaa. Certain typea of windows, stMdi aa out-

awinging eaaenenta, eanopiea, pivoted and ppojeeted vonto, if opMMd, alĝ tt 

be alasRod ahut liy t^e blast and shatter froa tho iapaet. 

In general, it is reeinnondod that ea<m householdor or building 

superintwidwat determine the position of the window sash whleh will result 

in the least dMnage to the particular typo window construction sad glaslag 

which exiata in his partiexilar building and take appropriate action under the 

following genex>al guida-lineai 

(a) If the building ia to be evacuated, that ia, pereonnel 

Boved away froa the expected daaage wcm», all windowa should 

bo closed. 

(b) If personnel take shelter in the building and tine per­

mits, double hung sash, inswlnging casement or hopper vent 

windows should be opened. Outswinging easeisents, cimopies 

and pivoted and projected vents should be eloaed. 

(o) Vv'ladows left open and reaaininf unbroken after i^e 

blaat ahoiild be closed as soon as possible thereafter* 

ThoTO are aargr different types of glaslng material in co«Mao» use, 

and there are listed below those i^loh are normally found or could be uaed 

in the various types of windows wi-iieh have been discussed in the preeoding 

eeoti<ms. Ths following tabls gives the comparative eoet per square foot 

of thoao materials, and also the pressures in pounds per square ineh that 
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%rsuld probably eauae ahattcring. Coat f igursa ahould be ecnaiderod aa 

atrproxinate and variable. The shatter preaauree are for the glaslng nater-

lale only m d before considering the subetitutlon of a glaslng staterial that 

haa ft higher shatter preasure it ahould be determined that the aai^, frame 

ahd fraao fastenings are capable of reeisting the increased loading that will 

result. 

Approxiaato Cost Approadaate Critieal 
Per Sq. ft. î uttter fressures in 
in Largo powda par sq* in. for 

1 .29 
.37 
.50 

1.12 
1.06 

,62 
2.12 
2.10 
3,75 

.79 

.98 
1.27 
1.90 

Single Strength Window Glass - .0^" 
Double Strength Wiadow Olass - .118" 
SA^" Window Glass 
1/4" Plate Glass 
lA" Safety Sheet Glass 
lA" ^Ired Glass Figured 
l A ' Polished V/ired Class 
1/4*' Tempered Glass 
1/4" Double Plate with 1/4" specs 
lAO*' Plastic Aeiylic 
1/8" PUstie Acrylic 
3A '̂* Plastic Acrylic 
1/4" Plastic AciyUc 

.30 

.55 
1.40 
2.50 
2.50 
2.50 
2.50 

12.00 
3.50 
2.40 
3.70 
8.30 

14.80 

Foraula for computing shatter pressures is shown In Appwidix A. 

Corrugated wire glass sad eorrugated plastic are used in glaslng 

skylights and in glaslng OMstinuous windows that are soaetiaes installsd in 

the wells of shop buildings. Corrugated glaaa costs spproxiaately $1.20 per 

square foot and eorrugated plastle, lA6" thiek, reinforced with glaaa flbera, 

10.75. Cmrrugated glaaa la vsry rigid, due to the deptha of the eorragati^na, 

and in apana of five feet or aore haa vary little resistanee to a ahock wave 

and haa broken at preeauroa of loaa than 1 pal. The corrugated plaatie, beeauae 

it la aore roallient than glaaa, will reeiet much larger preeauroa provided 

it deoa net pnll out of the fraaa* 



Plaatio offera greater reslstanos to a blaat wave than unteaperod 

glaea of equal thickneea beeauae the material ia acre roallient} and if the 

groovea in the aaah are auffielently deep, the plastic may not be blown out 

of the fraao aa the pane benda under load at preesuraa that would break 

glaaa of the aaaa thickneea* Plaatie of 1/4" thiekneaa haa provm in ahook 

tube teets, and in llmitsd full-scale toots against an atoaie blaat, to be 

a little atronger than 1/4" tempered glaaa. Thinner sheeta of plaatie j 

ahould be mounted with at least a 3/0" Isp in the trasM to develop the 

strength of the aaterlal. The fragaents of the plastic are not as dsngeroue 

as the fragntnts of glass, since they are not as sharp and pieces of ths 

saaa slae vei£h lees than half as much as glass. Plastic, however, not 

being as hard as glass, may be scratched in cleaning and, tbsrefore, would 

have to be replaced after a nuaber of years. 

Safety glass and wired glass may be shattered by the shook wave 

and ths panes still remain in the each, provided the pressure ia not too 

great. Aa ^ e preeaure ia increaeed* however, thia oiaterial will be brdceo 

into aeetiona of about 15 to 30 square inches, and vill be projeeted into 

the building at velocities that would cause injuries to personnel or damage 

to walls or oquipaMnt. The aeeticna have aharp edges but turually do not 

have any long pointed fragmente that would penetrate deeply. 

TwBporod glaas breaks under high pressure into pieoeo of about 

1" to 5" in disaster, each piece ooapossd of many smaller pieeee approxi-

aately 1/9^ in diaaeter, looeely held together. The large pieces projected 

at high veloeitiee will cause injurxea out probably fewer fatalitlea, ainea 

the edgea are dull, and like the wire and aafety glass, do not have any 

long pointed pieeea. 



Tho single etrongth, double str«igth snd 3A6" wimlow glass, 

wtd 1/4" plate glass, all break into riiarp pointed, irregular pleees 

thet forn dangoreue aiaeilee, provided tho preeaure of tho blaet wave 

la sttfflolontly high. D M slsos of tho fragaenta vary InvarMly with 

th* Strang^ of the blaat} the low preaauree breaking the glass into 

large pieeee that aay aerely fall to the floor near the windows and 

hi|^ proaauraa brooking tho glaaa panaa Into aany fragaante 1/2' to 

1" ia diaastor, project lag than iato tho bulldiag slang dlvorglng 

linos. Theee Hnea may vaiy as aash aa 45** frea tho llao of the blaat 

and thia expanding oharaoteriatis of tho fragasnt pattern Miaga all 

of a room in line with the aiaalloa aaaopt an aroa near tho wall la 

idiich the windowa are aeuntod. 

Tht fflninr 9f wjBtftwt 

If windowa ware not glaaod, there would probably bo llttl* 

daaago to the eaah or f raaea provided the walle in id)leh they ifora 

Bountod were not daaaged by the blaat. I^erefore, it sen be aaataaed that 

glasing that offore the leaat raeietaneo to a blaat would oauas tho 

artniaoa of daaago to the window eonatruetlen. 

Glaaing nateriala ahould bo aeleoted that will be aoaowhat 

leee rsaistsat to s blsst thsn the window eonetruotioa, for it le n u ^ 

better insofsr as struetural daaaga la eonaomod to have tho glasing 

fail than to have tlw entire wii^tow sonatruotlen deatroyod on aooomit 

of oxooaalve loada being tranmlttod to the fraaee froa the pmoa. 
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Froa exporlMioe gained in full aaale teeta with atcwdc weapona, 

it haa boon found ^at 1/4" hardware cloth, woven with 20 to 23 gauge wire, 

heavily galvanlaod, aakea probably the aoat aatiafaotory aeroon that oan be 

applied inaide of a %rindow to atop tho glaaa fragamts. Thia aatsrial ahould 

bo attaohed in a u ^ a Banner that the full etrongth of the wire will be devel­

oped under load. Larger soreona with 1/2? aquare a e ^ , and dlaaond aaah 

pattanui of 1/S" x 1.2" and 3 A " n 2", have alao boon tooted but wore found 

to pomlt fragasnts to enter the rooa, idiloh eould eauae aerloua injuxdoa. 

Heavy fabrloa aade of flaaaproof material alao would be effective 

la atopping flying glaaa. Thoao aaterlala, to give the aoat aatiafaotory 

roault a, ahould be woU-anehored at the top but not etretohod tightly over 

tho 0|MHtlnf, othorwlao tho bleat wave would probably tear then looee froa 

thmir eonnootioa to the wall. Mo aaterlal ahould be uaed aa a aereen whioh 

la likely to be eet <m fire by the Vernal radiation which paeeee through 

tho glaaa with very little loea of inteneity. 

7«aotlan blinda conatrueted of wood, aluainua, and eteel alata, 

oxpoaed to an atoaie blaat of 4 pal over-preeeure, were eoapletely deetroyed. 

The only blind that atopped the Aragasnta at thia preesuzv waa one oonatrueted 

of blade plastis with ths slate M>ahapod in oroes aection. Thie dealgn in-

ereaaee the etrongth of elate very aaterlally and incidentally cute out all 

light. The alata were held at the bottoa and aidee of the fraae by aeana 

of a plaatie channel, which did not prove of euffioient etrongth to hold the 

elate in plaeo. However, the elate were not aoved auffielently out of lino 

of the window by the blaet to prevent then frc» etopping the glaee fragaenta. 
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Tho blind was aounted in a window on the eide of the building and, therefore, 

was not exposed to theraal radiation* The eorrugated plastic referred to 

under glaaing was 1/32" thick and blue in color, and thie abaterial waa not 

affected by the heat, althoxigh it waa oxpoaed on a building to the full 

thermal radiation idiioh was severe enou^ to ecoroh flsme-reeistant paint* 

If Venetian blinds are eloaed before a blaat, they will prevent tho 

thermal radiation frcsi watering a room and aetting fire to furniture and 

curtains* Thermal radiation lasts cmly a few eeeonde and most e<mv«itional 

l̂ rpes of Venetian blinds, if elosed, will materially aeeiet in preventing 

ignition of e<Nribustiblee within the building, sines the blast wave will aot 

rosoh the building and daaage the blli^s until after the heat flash is over* 

Dsrk eolered wood blinds and cloth tapes aight thsaselves bo ignited* 

Jslousiee made with steel snd alUBlnua slats havs bsen expossd 

to overpreeeures of 1, 2 and 4 t>si, and there waa vezy little daaage to 

any part of the ;)aloueiee except a elight bending of the alata at the h i ^ -

eet preeaure. A jalouaie made with eorrugated plaatie alata eiqjoaed to 

2 pel also waa undamaged. 

The windowe behind the metal jalouaiea expoaed to 4 pal woro 

aerlouely damaged and thoao exposed to 2 pel were alao daaaged. Apparently 

the flexibility of the elate permits the blast wave to pass throu^ the 

jalousie and damage the rigid window construction without peraanently de-

foi^dng the alata. 



TAg£ BO, 1 - BLAST EFFSCTS Oil WIHDOW COMSTBUCTIOM A»D GLAZIWG 

(psi - pounds jmr equare Inch) 

TIPE OF WBiDOW 

Li^tweifht wood. double<^ung 
with 12 panes lol" x 15" 
Ebuble strength (D.S.) glass 

Lightwei^t aluainua out-
swinging cmmmmAa. 

4 penes 1/8" glass 12" x 16" 
4 vn^ft l A " flaaa l^" x 16" 

Steel interaedlate projected! 
2 panes 1/4" pl»te 15" x 40" 
2 panes l A " safety in vtmt 

Heaiy aliBBinua inswinglng 
caswaent t 
6 panes 18"x22"xl/4" tempered 

Hopper vente, Inswingibg, steel: 
4 panee 12"x«"-3A6" glass, 
1/4" plate ,tmpered It plastic 

Hopper vMits Inswiaging 
aluadnua: 4 panee 1/4" 

12" X 42" teanperod 

Heavy s t ^ l double-himgt 
3 panes 1/4* plate and 
1 D.S. 20" X 30" 

Heavy etoel doublo-4)img 
4 penes 3A6" glass 12"x2ft" 

Canofgr alsadLnuat 
2 panee pUte l/4"xl9*x33" 
1 pane l/«"yl9"x33" 

3I2g 

3*0"x5*-6" 

3'2"x4'2" 

3»6"x5»6» 

4*«"x5'l" 

4»0"x5»2" 

4*2"x5*t" 

FSAMS ft SASi SKCTI(«S 

At 2 psi 
Maatina hrckmn 
Frame Intaet 

It 4.2 pal 
Fr«Be bent 

At 4.2 pal 
Montln in 
vrat bent 

At 7.4 psi 
Wreeked 

4'0"x5*2" At 7.4 psi 
Wrecked 

At 7.4 psi 
Sash torn 
ftea frame 

At 4.2 psi 
Montins 
bent 

At 3.2 psl 
Mo 

2»d"x4*5" 

3*l"x5»4" At 4.2 pel 
Mo daaat* 

At 2 pal 
Mo daaage 

At 2 psi 
Mo 

At.3.2 psi 
Mo daaago 

At 2 psl 
All tovdcwi 

At 4.2 psl 
All broken 

At 4.2 psi 
Pttiss brcdcMi 
« i l y in vant 

At 7.4 osl 
All broksn 

At 3.2 psi At 7.4 psi 
Mo daaago All broken 

At 3.2 psl At 7.4 psl 
Mo ^maga Coo pane 

broken 

At 2 psl 
Mo daiaikge 

At 4.2 p ^ 
Allbrskon 

At 3.2 pel At 9 ^ pal 
Mo dBMaa All brekea 

H 2 f«l At 4.2 psl 
Lsteh A U 

CLASS BSAiUCg 

At 2 pel 
of lA" broken. 
1/6" not tested 

Soiw at 2 pel 

Mene at 3*2 T>el 

At 3.2 pel 1/4" 
plsts snd 3/16" 
broken 

M O M at 3.2 psi 

At 2 psi only 
D.S. pons brdcon 

At 1.5 psl OBly 
two.paaoa broinn 

At 2 psl 
1/8" PBBS broken 

H 
O 



ŵ?fn<tte A 

The shatter pressurss of flat glasing materials expoeed to blast 

are caleulated by the following formtila. It should be nr̂ ted that a varying 

relation^ip between incident and reflected pressure exlets and glass amy 

brsak sven thou|^ the pressiiro at which it shatters is considerably larger 

than the incident blast overpressure, due to the increase in overpressure 

eaused by reflection. For example, idien the incident blaet pressure le 

1 potsid jyr equare ineh the reflected pressure will be approximately 

2 pounds per square inch idien the direction of the blast is perpendicular 

to the glass surface* The following table ehows this relationehip: 

Inddmt Preesure P.efleeted Pressure 

P9^g par 3q, :tQ. fpunds per Sq, In, 
1 2 
2 4 
3 6-1/2 
4 9 
6 U 
9 19-lA 

Shatter preesure, P s K ^ 2 , ^^^ 

P s Pounde per equare inch required to chatter. 

(62,000 for acrylic plaatie 
I s a constant « (approximately) (5C,000 for tempered plate 

(10,500 for ordinary window glaaa 

t - Thickneea in Inchee 

A = Area in square inchee 

R is a factor related to the ratio of length of short side to the long side 
of the pane of glass and various values are given in the following tablet 
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Appendix A (Cont'd) 

Batio of Short 

fiflg Sl4ff 

.0 (aquare) 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

MM\9t 

1.000 
1.005 
1.02 
1.07 
l . U 
1*25 
1*45 
1*« 
2*6 
5.0 

For eacaaple, the preeaure in pounde per equ«ro inch at whioh an 

It* x 36" plooo of double strength glaaa will ahatter will bet 

^ * 3.9iSW 1 3nl5 A (tUft}? * .2t pounda per aquare Ineh 
iax36 
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DOUBLE HUNG (7) CASEMENT. OUTSWINGQ) CASEMENT^ /N5W/NG Q) 

PIVOTED ® PROJECTED @ HOPPER VENTS [6 

CANOPY @ CA SEMENT ^ VEN T fs) FIXED GLASS 4 VENTSQ) 

3 P D - 3 5 9 1 9 B - 1 

WINDOW TYPES 
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