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BIRD-~ACT!lZSTSOFTBE 
BOEIJTG NOIEL 707 A- EYEEROWWINDOW 

IXCROD~TION 

Additmnal tests Fnvolving the lmpact of bird carcasses on the 
eyebrow wdlow of the aoemg MO&~ 707 au.-plane were conducted at the Clvll 
Aeronautics Admmmtratlon Technical Develomnt Center, Indmmpolls, 
Indiana, during the period May 15 to May 29, 1957. The results of 14 tests 
conducted previously on the over-all wzi,ndshleld canopy, mcludmg the eyebrow 
WI&OW, durmg the period July 12 to July 26, 1956, are aescrlbed 1~. 
Techmcal Ceveloment Report No, 301.1 The Purpose of these sddltmnal tests 
was to help develop an eyebrow wmdow which, when struck by a four-pound bad 
~si?cass, would prevent penetration and would mtinunlze the danger to the pilots 
from flying window fYa@llents. The tests were conducted with the assistance 
of Mr. Robert L. Peterson of the Boemg Airplane Company. 

EYEBROW-WIl4DOW INSTALLATION 

The eyebrow window was mounted 111 a welded steel Jig assembly 
furnIshed by the Boeing Airplane Co. The jig was fabricated to represent the 
relative positlon of the pilot's eyebrow WLndow exactly as It 1s Installed 
m the Boeing 707 au-plane. Inboard, outboard, and bottom ~1116, plus the 
top ail1 mtercostal, were molmted as shown LTI F'ig. 1. The top ~111 mter- 
costal 1s shown ~11 Fig. 2. These sills were fabrrcated and attached to the 
Jig assembly y1 Teats Nos. 15 and 16 III accordance with the orlglnal Boeing 707 
design, moclifled as a result of tests conducted during the period July 12 to 
July 26, 1956. During Tests Nos. 17 through 26, the 8111 construction snd 
attachment were modlfled as lndlcated u Table I. 

Tae eyebrow window 1s fastened du-ectly to the 8111 structure by 
bolts which Pass through the edge of the window as shown 111 Fig. 3. me 
Window 18 m0~t.d from the mside and retaining n&s bear against a washer 
Plate. me wIndow, mounted In the Jig assembly, 1s shown III Fig. 4. 

The endows tested were manufactured by the Plttaburgh Plate Glass 
Co. and the Libbey-Owens-Ford Co. Widows manufactured by the Pittsburgh 

1 
John Sommers, Jr., “Bird-Impact Tests of the Boeug Model 707 

Alrplsne Windshield," CAA Technxal Develownt Report No. 301, February 1957. 
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Plate Glass Co. rncorporated the electrically operated and controlled IESA 
heatvlg unit. sructural aeta11s Of the eyebrow wmdow paae1.3 tested are 
mdicated m Table I snd Fig. 3. Boemg drawmg nmbers pertalnlng to the 
onguxal eyebrow wuxlow aeel@ and to that of Test NO. 26 are glvfn m 
Table I. 

TEST PRCCEDURE 

Freshly kzllcd chicken csrcasses were propelled at the test 
structure by m~!sU Of a compressed air EWL The chxken carcasses were 

placed m a cloth sack, backed up by a Styrofosm plug 6 inches in diameter 
and 6 inches long. The Ime Of tb.c Styrofoam plug Improved muzzle velocity 
control of the chxken carcass. me styrofosm plug m turn was backed up by 
a thm, 6-inch-&meter, cellK~ose acetate disc to increase the stren&h of 
the plug. All this was placed lnslde the sack. The sack then was sewn shut. 
~hrs arrangement gave the appear~ce of a proJect?le approximately 14 aches 
long and 6 mches UI diameter. The combzned weight of the chxken, Styrofoam 
plug, cellulose acetate a.lSC, md cloth sack was 4 pounds, plus or nunu8 2 
ounces. The weight of the plug, dmc, snd sack 1s approximately 5 ounces. 

The Jig assembly used in these tests was fastened securely to a 
temporary wood structure which was bult up from, and securely fastened to, 
exloting fixed strurture of the test cell at the end of the gvn barrel. The 
back of the fig was supported by wood members which slanted downward frozn 
the jig to the floor structure of the test cell. Tnls mounting arrangement 
1s shown 111 Fig. 5. The JIB assembly wan posltloned 80 that the bird carcass 
would strike the geometrx center of the mow. This was accomplished by 
slghtlng through the gun barrel at the target point. 

The followulg arrangements were used to evaluate glass 
framentatson by visual Lnspectlon: Dul-1ng Tests Nos. 15 Wou& 17, a 
prcshly killed and plucked chicken carcass uas placed on the floor of the 
~lg assembly at the approximate relative location of the pIlot's head, during 
Tests Nos. 20 through 24, one shezt of lsmmated cardboard packing was placed 
on the ~16 floor a-d one against the vertxal back of the Jig, durFng Tests 
Nos. 18 and 19, clay molded to the shape of a dome was placed on the floor of 
the J1g to sumlate the top of a pilot's head; during Test No. 26, two 
Styrofoam boards, each 2 mches thxk, were placed behind the wmdow, oile in 
Q honmntd posltlon restmg on the Jig floor and me in a vertlcel posItIon 
=Etmg agamst the pg back. A hqb-speed camera w&8 focused on the mner 
face Of the wl.ndow aming each test. The high-apced photosaphs comprised 
the only evaluation method used durmg Test NO. 25. 
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Frajectlle velocity measurements were determined by the projectile 
bresklng two pavs of fine steel wxes positioned between the gun nozzle and 
the target. Cme pa- of these wires was connected to an electronic chrono- 
graph and. the other par to a recording osc~llo~aph. A third method of 
determnnlng the proJectile veloc~tjr, using e hx&-sped camera, was employed 
primarily a8 a check on the other two methods. The chronograph falled to 
operate correctly during Tests Nos. 19 and 20, and the 0sc1110graph falled 
to operate correctly durmg Test No. 17. 

The PI-OJeCtlk velocities, given under "Test Results, 'I we averages 
of the redngs obtained from the chronograph and osclllogra~ with the ex- 
ceptlon of Tests Nos. 17, 19, and 2C, UI which cases the veloclt1es were ob- 
tanned from the one measurement avaIlable plus vcrlfxatlon by the high-speed 
photographs. Temperatures of the glass-vmyl lsmlnatlon of the wmndow were 
determmed by averagIng readings obtained from the thermocouples mounted on 
the mner am.6 outer faces of the widow. Temperatures at the center of the 
wmdoW were obtamed for Tests NOS. 15 and 16, and temperatures at the center 
and edgea of the wrndows were obbtnmed for Tests Nos. 17 t&rough 26. The 
thermocouples at the edge of the window were mounted on the outer snd l~lller 
wmdow surfaces wlthm 1 l/Z inches of the ~111s. 

Windows manufactured by the Flttsburgh Plate Glass Co. were heated 
to desired temperatures by anplymg required voltage to the NESA heating 
units and by posltionlng heat lsmps near the outer and LTser surfaces of the 
xinaow. Windows manufactured by the LSobey-Owens-Ford Co. were heated to 
dealred temperatures by the uce of heat lamps only. 

WST RE3UL’E 

The results of the lmpsct tests are as follows 

Center-of- -- 
Carcass Outside-Air WFnaow-Edge window 

*Test No. Date ve1oc1ty Temperature Temperature Temperature 
(mph) ("F) PI ("F) 

15 5/15/57 438 70 -- 97 

Bird-carcass penetration was experienced as the window falled along 
the upper, outboerd, and lower sl1J.s. CetaiLs of the window failure are 
shown In Figs. 6, 7, 8, and p. Both the outer vinyl layer, whach mcorporated 
a Inet& msel't, and the inner wnyl layer tore out around all outboard ~111 

*Test num.bers continued from Tecbnlcal Development Report No. 301. 



bolts and five bottom 5111 bolts. me outer vmyl layer sheared along the 
metal Insert 5 Inches alon& the top sill. The outer layer of vxvl Pulled 
loose from the lnnert 2 Inches outboard along the top clll aad along the 
entire outboard 8111. The U-CE~ layer of vtiyl pulled loose along the top, 
outboard, and lower sills. Most of the l/B-Inch-thxk uu~er face of g1aSe 
adhered to the inner vrnyl layer. The inner Vinyl layer sp11t open ana 
allowed l/&lnch-thxk full-tempered glass freg3fnts to ePrcY Into the 
"cockplt area," with ennugh energy to break the skin of the plucked chxken 
carc2ss. The upper, outbo&rsd, and lower sills bent u-~we.rd slightly. Washer 
strips were not uoed because of the rlearance problem with the edge of l/8- 
xch-thick inner face ;lass. Tne window-bolt hole-ed.p distance was u-auf- 
fxxnt due to the cl.earaxe problerl and this WFS the man cause of failure. 

Center-of- 
CEGXXL.93 Outside-Air Umndow-Ed@ wmdow 

Test NO. Date vcaoclity Temperature Tcmperatue Temperature 

(lwh ) ("F) ('F) ("F) 

1G 5M57 430 52 -- 107 

Park of the Cazcas~ penetrated the wux3ow due to shearing of the 
vuq-1, 8s shown m Fl@. 10, 11, 12, ‘uld 1:. No wmdow-e?ge pullout w2s ex- 
perlenced. The bond between the Plex 1-r face and xnncr layer of vlnY1 
cadged the vu71 and Plex to fall m t%e sane mau?er. &lost of the 1/b-mch- 
th;hlck full-tempi?re?. glass frsgments en?ered the "cockplt area," but the veloc- 
rty of the fraentn WEIS notlceabl, lower than tU.t experienced with the orlglnal 
3oemg 707 eyebrow wmdow. It 16 bclleved that the vinyl temperature around 
the mndow edge was low due to the tronafer of heat from the vmyl into the 
adJ2Cent sill structure whxh was relatively cold. The outside temperature 
~2s 52” F. Upper end lower sells were bent inward slightly. 

Ca-der-of- 
C2KZ2SE nutaIde-Ax Wmndow-Edge Window 

Teat No. Date Velocity Temperature Tempratme lkmperakxce 
(mph 1 ("F) (OF') ("F) 

17 5/17/57 384 -- 90 120 

Th@ window tested W28 of the original design conslgtlng of 
l/8-mnch-thxk semltempered glass, 5/16-~aCh-thu=k, 21 parts plastxized 
mnY1 and l&mch-thxk fL?ll-tem>ered glass. Ikcrf Was slight penetration 
bY the h-d CBrc258 through m op-nmg at the top ~111, &n shown In Figs. 14, 
15, 16, and 17. !i%e hjrdradlc 2CtlOn of the C?.rcess in pasemg between the 
wmdow and WPer aill forced the window edge downward, with the reefit that 
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the vinyl and metal Insert pulled loose from the top 6111 bolts. A chxken 
carcass, used to simulate the pilot's head, suffered several severe 
lacerations due to flying glass, as showz in Fig. 18. 

Center-of- 
C.%"CEd%3 Outsule-Air Window-Edge WIndow 

Test No. Date ve1oc1ty Temperature Temperature Temperature 

(mph 1 (OF) (OF) ("F) 

18 5bv57 402 a0 -- 122 

Part of the carcass penetrated the widow as the window edge pulled 
loose from the bolts along the top 6111 and outboard ~111, as shown m Figs. 
19, 20, 21, sxd 22. The Inner vinyl-Plex-55 lamuated layers tore open at 
two places and allowed the l/4-Inch-thick full-tempered glass fragments to 
be propelled agalnst a clay dome which simulated the top of the pilot's head. 
The glass fragments either unbedded themselves or left impresalons in the 
clay to a depth of 3/32-=h. A view of the clay dome folloxlng the test 
is shown in wg. 23. 

Center-of- 
Carcass Outside-Au- Wlndow-Edge Wudow 

Test No. Date Velocity Temperature Temperature Temperature 

(mph ) (OF) (OFI ("F) 

19 5/20/57 412 65 75 120 

Part of the carcass penetrated the window as both vinyl interlayers 
sheared along the outboard sill, bottom 6111, and outboard from the Inboard 
6~11 as shorn m Figs. 24, 25, 25, and 27. Twenty per cent of the Inner 
face of the Plex-55 tore loose from the Inner vinyl layer. Two pieces of 
acrylx embedded themselves in the clay dome used to simulate the top of the 
pilot's head. The clay dome was pltted from several pieces of glass or acrylic. 
This 18 shown m Fig. 28. The top all1 bent downward approximately 1 mch. 
Failure indicates that the vinyl adjacent to the sills was below optbum 
temperature. 

Centet-of- 
CSZCaSS Outside-Air Wmndow-Edge WltiOW 

Test No. Date Velocity Temperature Temperature Temperature 
(mph) rF) ("F) ("F) 

20 r/21/57 405 -- Eog 110 

Part of the carcass penetrated the window as both vinyl interlayers 
sheared along the top ~111 and the window edge tore out around the bolts 



along the outboard sill, a8 shown III Figs. 29, 30, 31, ad 32. All four 
sille bent inward under the force of the Impact. >k,st of the +mch-thick 
full-tempered glam frawnts were contamed between the two laSera of 
Vli??l. me l/&lnch-thick mner face of semltempered glas8 adhered almxt 
entirely to the mner layer of vmyl. me @ass pattern on cardboard sheets 
placed behid the WlnaOW lndlC&% that One @UP of fine glass Partlcles 

passed over the posItIon of the @&'a head mth hx& mloclty, a one 
group struck the position of the pilot's he&. The cardboard sheets ~JY 
shown m Fig. 33. 

Center-of - 
Carcass Outside-Au Window-Edge Wmfiow 

Teat No. Date ve1oc1ty Temperature Temperature Tcmperatae 

(mph) (ON rF) ("a 

2l 5/=/57 414 a0 9 1.05 

Penetration by part of the carcass was exparlenced as both vxql 
lnterlayers and lnserlx pulled loose from bolts along the top and outboard 
~1118, as shown a Figs. 34, 35, 36, and 37. Both metal inserts cracked 
approximately at the center of the top and outboard ~111s. Approximately 
60 per cent of the Plex-55 departed from the 1-r layer of vinyl. This 
amount of delu?nnaLlon was conslderablg more thaz that which occurred U-I 
Test No. 19, the only other test III which delanlnatlon of Plex-55 for the 
vinyl lnterlayer was experienced. The ~~71 mterlayers confIned most of the 
l&mch-thick full-ternFred glass fragments vxth only a few nuggets escap3ng 
Into the cockpit area. Two Plex-55 frawnts, approximately 4 inches lo@, 
knifed uIto the cardboard sheets, shown Fn Fig. 38, which were placed behind 
the wlnaow. One frament passed over the pilot's head and the other struck 
in the vicmlty of the pilot's head. All of the ~111s bent tiward and the 
tW0 3/16-inch-diameter rivets, shown as D and E m Fig. 2, falled in tensIon. 
The window of this test was cold soaked at a temperature of -65"~. for 8 hours. 
prmr to being Impact tested. Thm may have wenkened the bond between the 
Pl@X-55 and vm;yl, thereby resulting in the high degree of delamwtlon of 
PleX-55 from the vinyl Intel-layer. There wao no indicatum of any delarmnation 
Of the Plex-55 from the vinyl prior to the test. 

Center-of- 
carcass Outside-Air Wmdow-Edge winaow 

(Pest No. Date Velocity Temperature Temperature Temperature 
(mph) ("F) ("F) ("F) 

21 5/23/57 4-08 -- 97 106 
The carcaB did not penetrate the wIndow. The condltlon of the 

Klnaow is sham 111 Figs. 39, 40, 41, and 42. !rwo l/4-;lnch-diameter bolts had 



been added at K, a~ shown in Tig. 1. AL1 top 6111 bolts bent u-~ward 

approximately j/&lxch. Both metal lnnserts cracked at two bolt locatlon~ 
at the center of the top 8111, but tearout d:d not OCCUR. The lnnerlayer 

of vinyl and mr-face ~~3-55 remained bonded together and the vnyl and 
Plex-55 tore open a.8 one unit. Particles of l/b-Lnch-thick full-tempf~d 
glzss were propelled at a high velocity and lrnbedded themxlvea m the 
cardboard sheets placed behind the window. Of the flyu~g glass whxh w&8 
uicedded UI the cardboard, approximately one-half was directed toward the 
posltlon of the p11ot's head. This is shown 13 Pig. 43. 

Center-of- 
Ca-CaS8 Outside-Au Idlndow-Edge w1naow 

Test No. Date Velocity Temperature Smperature Temperatm-e 

b@4 ("F) ("F) m 

23 5124157 390 -- 92 115 

The= was slight penetration of the wuxlow aB part of the outboard 
all1 sheared and the top 8111 assembly falled partially, as shown m Figs. 44, 
45, 45, ma 47. 59~ outer vmnyl-metal insert edge lammatlon tore oat arolmd 
four sill bolts. Along the Inboard all1 the odter vq$4-tx?tal insert edge 
lammatlon partially falled around four bolts. The wrier layer of v;nyl 
partially sheared approximately 9 uxhes along t&e lnboerd sill continung 
approximately 5 inches along the top ~111. The l/&mnch-thick semltempered 
glass lllILer face remained lammated to the 3nner layer of vmnyl. The glass 
fragmentation hazard associated with the l/k-men-thick fxll-tempered and 
l/6-Inch-thick eemltempered glass particles was alight, as shown in P'I~. 45. 

Center-of- 
carcass OutsIde-Ax wmndow-Edge wlnaow 

Teat No. Date ve1oc1ty Tempexaturr Temperature Temperature 
(mph ) ("F) ("F) (OF) 

24 5/25/57 390 60 go 94 

An eyebrow wmdov of original deal@ wan tested with a protective 
WmdoW, conalstlng of l/8-inch-thick annealed glass inner face, O.Oti-Inch- 
thick vinyl lnterlapr with 21 parts plaetlcxzer, and +mch-thick fL~l- 
tempered glass outer face, 
vmaow, 

mount& 4 uchee below and parallel to the eyebrow 
Part Of the ca?xa8s penetrated the outer window and the top attach- 

ment of the protectf-e wmdow falled a9 shown m Figs. 49, 50, 51, and 52. 
!Fhe ~1~1 Of the eyebrow wmndow sheared along top and bottom silla and the 
vmyl-metal lmlnatea edge tore out around all outboard 8111 bolts. ma 
Prokctlve window reduced the velocity and chengeed the direction Of @ass 



8 

partxles propelled from the outer window panel. The protective window 
shattered, with only a small mmmt of glass departlnb from the inner face. 
The protective window wedged 111 the steel JIM, preventme; It from full down- 
ward rotation. The fragmentation pattern on the cardboard ehowed that the 
flyrng glass would pass over the pilot's head or fell unto his lap. This 1s 
shown m Fig. 53. The top sill bent downward considerably, with lesser 
bending of the bottom end outboard 8111s. 

Center-Of- 
Carcass Outside-Air Wjndow-Edge Window 

Test No. Date ve1oc1ty Temperature Temperatxre Temperntvre 

(n*) ("F) co F) ("F) 

25 5/26/57 442 -- 102 Inner face 78 
Outm- face 115 

Pat of the ca.rca88 penetrated the WLndou a8 the top 8111 
intercostal falled and one-half of the outboard all1 falled a8 shown m 
Figs. 54, 55, 56, and 57. The two 3/16-mch-diameter rivets and one 3/1.6- 
Inch-diameter bolt, shown aa C, D, and E of FL& 2, falled and permAtted the 
remalnlng portion of the top Lntercostal sill to deflect re a-ward and down- 
wmd. Part8 of the carca88 whxh penetrated tie widow extruded through the 
structure between the top ~111 and tie attached slun, and pasoed over the 
paitmn of the p:lot's head. 5e Plex-55 inner face crazed, but did not 
depart from the maer-lager vuqrl. The mner vuqrl-Plex-55 laminate tore at 
the center of Impact and from the top outboard corner toward the center of 
the wmdow. A few l/4-mch-thick full-tempered glass partxles escaped 
through the tears in the vinyl-acrylic and impinged upon the floor and ver- 
tlcal wall of the test JIM, as det.ermmed from high-speed film. Glass 
fragmentatloa from this window was lest3 Bevere then YI my of the previous 
tests. 

Center-of - 
cercass Outside-ALr Window-Edge Window 

Test No. Date Velocity Temperature Temperature Temperature 
(mph) ("F) (OF) ("F) 

26 5/29/57 44n -- 9 112 

Pcrix NOS. 7 and 9, Fig. 2, were maltted for thu test. 'here was 
no Pene+Jratlon Theo@ the wrndow or adjacent structure, but a small part 
of the km-d CamaSB penetrated through a tear m the skin above the top sill, 
shown UI Figs. 5G and 59. The tee-shaped extrua~on portion of the top inter- 
costal ~111 assembb Parted from the assembly, aa shown 111 Fig. 60, md was 
held only by the top sklz and the window edge. The lllfler face of the Plex-55 
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remained lamlneted to the inner layer of vinyl. The Vmyl-Flex-55 laminate 
tore for a len&h of 3 inches from the upper lnb~ard corner diagonally toward 
the center of the wmdow, as shown 111 Fig. 61, Some l/4-mch-thick full- 
tempered glass particles escapd through the tear and penetrated the 
Stylofoam boards, predormnatcly at two positIons. one posltlon was above 
and to the left of the /Ilot's heaJ while the other was at tie pllot'a head 
level, but to the left. One small glass particle penetrated the Styrofoam 
board to a depth of l/8-mch near the positIon of the pilot's head. In 
addltlon, there were several exkremely amali indentations in the Styrcfoam 
board at the pllotrs head posltum. The Styrofoam boards, after the test, 
are shown Fn Big. 62. 

c0NcTJlE10NS 

The following conclusions are based upon an analysts of test 
results : 

1. 'phe Boeing :Crj' eyebrow window will resist the -act of a 4-pound 
bird x~~t.b only a slrght amount of penetration at ti mph ;f a wmdow design 
e& supportlag strxture comparable to that utlllzea during Test No. 26 are 
used, Structural details of i&u combuuatlon are given YI Table I. 

2. Relative to fljrulg glass, the wlnaow design ut$llzmg vinyl 
0.20-Inch-thick with 21 parts plastlclzer con+&nt, an O-025-mch-thxk 24-ST 
alummum Insert, and Plex-55 acrylx 0.0625-inch thhlck lam-ted successively 
to the lnslda face of the wmdow, as used in Test No. 26, proved to be the 
leasthazardoue of any of the 12 widows tested. A stx7y of the Styrofosm 
boards used as evaluation media IJJ Test No. 26 ux?uzated that the pilot was 
struck by only one particle of fill-tempered glass whxh had any substantial 
degree of enera. 

3. !I%e mmlmm wmdow temperature required for the Boemg 707 eyebrow 
wmdow to develop maximum res~atancc to penetration as determined from these 
tests 1s 100' F. along the edges. 

4. The use of a protective glass shield mounted 4 uxhes below the 
orl~ml Boeing 707 mow, as used in Test NO. 24, gives the pllot apprecl- 
able protection at 390 mph. However, the eyebrow mdow 1~1 Its original de- 
Sign WlLL not resist PenetratlOn at 440 mph, and no teats were conducted at 
this speed wing thf protective glass shield arrangement. The glass shield 
as mounted 1zi Test No. 24 falled at the upper hmge point at 390 mph. 



10 

5. Three wlnaows, utilizing a l/&Fnch-thxk pane of semitempered 
glass lammated to the tier layer of vmyl heving 41 parts plestlclzer 
content, proved to be ineffective m preventing rearward accelerations of 
full-tempured glass pestxles because, et the texperature tested, the Inner 
vmyl had prectlcally no strength. It 18 believed that bettzr results would 
have been obtalned IT' the olastlclzer content of the vinyl had been 31 parte 
or less; but even 80, a fine spray of small sliver-like partxles of glass 
could be eqected from thle wuxlo~ dcssgn. 
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FIG. 2 TOP SILL INTERCOSTAL AbSEMBLY NO. 5 - 71779 

MATERIAL - 75s - T6 CLAD 

MENSION A, AND FASTENERS B, 
D, E, AND F, ARE SHOWN IN TABLE I 



BOLTS - 0.25 INCH 160,000 PSI H. T. 

INSERT - MATERIAL 24ST-3 

NONMETALLIC FILLER 

* PVB (21 PARTS PLASTICIZED) 

SEMITEMPERED GLASS 

.025 

+ 

NOTE 1 THIS CONSTRUCTION WAS COMMON TO 
ALL WINDOWS TESTED - REFERRED TO AS 
“ORIGINAL EYEBROW WINDOW DESIGN,” 
BAC DRAWING NO 5-89357, SHEET 1A AND 2A. 

I 

+ 
NOTE 2 THIS CONSTRUCTION VARIED AS 
SHOWN IN TABLE I, “INNER WINDOW CONTRUCT ION.” 

NNER INSERT FULL-TEMPERED GLASS, NESA COATED 
ON OUTER FACE FOR PITTSBURGH PLATE GLASS CO. WINDOWS 

* PVB INNER LAYER 

INNER FACE 

* POLY VINYL BUTYRAL 

FIG. 3 TYPICAL WINDOW CONSTRUCTION 
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FIG. 9 TEST NO, 15, PROJECTILE VELOCITY 438 MPH 
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FIG 11 TEST NO. 16 PROJECTILE VELOCITY 430 MPH 
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FIG. 19 TEST NO. 18. PROJECTILE VELOCITY 402 MPH -- 
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FIG. 20 TEST NO. 18. PROJECTJLE VELOCITY 402 MPH Jkggrizs 
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PROJECTILE VELQCITY 412 MJZPH __ 
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FIG. 27 TE$T NO, 19. PROJECTI-LE VELOCITY 412 MPH 





FIG 29 TE S 



FIG 30 TEST NO. ,O. PR(?,TEC?‘JLE VELGCPI’Y 43 MPH 



FIG. 31. TEST NO. 20. PROJECTILE VELOCITY 405 MPH 



i-K. 3L TEST NO. LO. PROJECTILE VELCGITY-405 MPH mw-Y-l ” IRwFmu!a.a 



FIG. 33 TEST NO. ZD. PKOJECTILJZ VELCtCITY 405 MP ,I 



FIG. 34 TEST NO. 21. PROJECTILE VELOCITY 414 MPH 





FIG. 36 TEST NO. 21. PROJECTiLE VELOCITY 414 MPH 
IRs-z&s& - *“.IoLnwa.m 







Z;“IG. 39 TEST N6. 22. PROJECTILE V-izLOCITY 408 MPN __ f_ 



FIG. 40 TEST NO. 22. PROJECTILE VELOCITY 408 MPH 
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FIG. 42 TEST NO. LL. PROJECTILE VELOCITY 408 MPH 
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FIG,a4? _ TEST NO, $2. +OJECTILE VELOCITY 406 MPH 











FIG. 48 TEST NO. 23. PROJECTILE VELOCITY 390 MPH 
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TEST NO L:i PROJECTILE VELOCITY i”b MPH 
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FIG b,L TEST NO. tb. PROJECTILE VELOCITY 448 MPH 
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