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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
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Abslrod 

A OBJECTIVE 

This investigation was undertaken to deter­
mine the relative resistance of different types 
of commercial windows and glazing to an 
atomic blast, also to determine what degree of 
protection from flying glass is provided by 
Venetian blinds, insect screens, and wire 
netting. 

B PROCEDURE 

Various types of windows glazed with plas­
tic and different kinds of glass were installed 
on four sides of a test structure, which was 
exposed to the blast of an atomic weapon. 
The photographic record and detailed descrip­
tion of the windows before and after the blast 
included in this report provide a basis for 
evaluating comparative damage. 

C CONCLUSIONS 

1. In supporting static loads tempered glass 
has about 4V2 times the strength of 14 in. 
plate; % in. wire glass, % in. safety glass, 
and V4 in. plate have equal strength; and 
double-strength glass has only one-fourth the 
strength of % in. plate. The results of the 
test seem to indicate that the resistances of 
these different types of glass to an atomic 
blast were approximately proportional to their 
strength in supporting static loads. 

2. If a sash perpendicular to the blast can 
swing with the blast, without too much resist­
ance, into a position parallel to the direction 
of the blast, the glass is less likely to be broken. 
Casement sashes on the front and rear of a 
building which are open parallel to the direc­
tion of a blast at the time of the explosion are 
less likely to be damaged. 

3. Glass mounted in a flexible frame is 
likely to be broken if the frame is distorted 
by the blast, whereas the same size pane may 
be undamaged if installed in a more rigid 
frame. 

4. Fragments from wire or safety glass are 
not so dangerous to personnel as the larger 
fragments from other types of glass. 

5. Plastic, being more resilient than glass, 
is less likely to break, and fragments, being 
lighter and not so sharp, are less likely to 
cause injuries. Plastic Va in. thick, 11% by 
15'/in in., was undamaged, and !4 in. wire 
glass of the same size was shattered and blown 
out of the frame. 

6. Commercial types of Venetian blinds and 
insect screens afforded little or no protection 
against flying glass fragments at the distance 
of the test structure from ground zero. How­
ever, it is thought that a blind with some of 
the parts reinforced and properly anchored 
to the window opening would give some pro­
tection at distances greater than 3 miles from 
ground zero. The blind, if closed, gives full 
protection at 2 miles against the heat waves, 
which last only a few seconds; and the blast 
wave, which travels at a much slower rate, 
may not reach the building and damage the 
blind before the heat waves have dissipated. 

7. Wire netting with % in. mesh installed 
on the inside of window openings proved ef­
fective in stopping all except very small glass 
fragments. 

8. Lightweight, double-hung, wooden win­
dows with sashes glazed with small panes sup­
ported by narrow muntins offer little resist­
ance to an atomic blast. 



9. Much valuable data were derived from 
the investigation; however, on account of the 
limited time in which the test had to be pre­
pared, only a few of the elements of the win­
dow problem were covered. It is recom­

mended that additional investigations on this 
subject be undertaken in order to design win­
dows that will be more resistant to an atomic 
blast and less hazardous to occupants of build­
ings where windows are installed. 

2 • S ^ ^ 



Chapter 1 

Inkodudion 

1.1 OBJECTIVE 

The purpose of this test was to determine 
the resistance of various types of glazing and 
different types of wood, steel, and aluminum 
window construction to the effects of an 
atomic blast. The purpose was also to deter­
mine what protection from flying glass will 
be provided by mounting Venetian blinds, in­
sect screens, and % in. mesh wire netting on 
the inside of window openings. 

1.2 JUSTIFICATION 

The data secured from this test will serve 
as a guide to architects and engineers who de­
sign new and remodel existing buildings that 
may be subjected to an atomic attack. The 
results of the test will also give an indication 
of the extent of the hazard to occupants near 
windows in a building which may be exposed 
to an atomic blast and means of reducing such 
hazard. 

1.3 REFERENCES 

Investigations have been made in recent 
years to determine the resistance of windows 

and glass to high-explosive blasts, and the re­
sults of some of these tests may be found in 
the following listed publications: 

"Glass and Glass Substitutes" (Office of 
Civilian Defense, November 1941) 

"Report of Blast Tests in Glass" (OfHce 
of Chief of Engineers, War Department, 
March 1943) 

"Antiscatter Treatment for Glass" (Na­
tional Bureau of Standards, June 1944) 

"Igloo Tests" (Arco, Idaho: Army-Navy 
Explosives Safety Board, 1945; Revised 
November 1947) 

"Igloo and Revetment Tests" (Army-
Navy Explosives Safety Board, October 
1946) 

"Glass and Plaster Damage" (Armed 
Services Explosives Safety Board, March 
1950) 

"Structural Defense", by D. G. Christo-
pherson (British Ministry of Home Se­
curity Research and Experiments De­
partment, 1946) 

"Explosion Tests on Glass Windows", by 
N. J. Thompson and E. W. Cousins, 
Journal of the American Ceramics So­
ciety, XXXII (1949), 313-15. 





chapter 2 

Experimenfal Procedure 

2.1 DESCRIPTION OF TEST STRUCTURE 

The windows included in this test were 
mounted in a prefabricated structure 8 ft 
wide, 8 ft high, and 40 ft long, with four 
interior partitions on 8 ft centers which 
divided the building into five equal cubes. 
The structure was not designed to simulate 
any building used as a home or as an office, 
it being merely a frame to support the win­
dows during the blast. The building was con­
structed of panels approximately 8 ft square 
and 51/2 in. thick made of two sheets of % in. 
plywood nailed and glued to 2 by 4 in. studs, 
16 in. on centers. The panels were held to­
gether by angle-iron clips and y2 in. bolts. 
The building was anchored to the ground by 
means of four pairs of V2 in. steel cables con­
nected to four pieces of wooden piling buried 
3 ft deep. Details of the structure and anchor­
age are shown on Drawing 31-1 of Appendix A. 

2.2 LOCATION OF STRUCTURE 

The building was erected so that the blast 
would be at right angles to the long side, arid 
there was no obstruction on the bla^t side, so 
that the full effect of the shock wave from the 
atomic weapon would be transmitted to the 
structure. Knowing that windows are rela­
tively fragile and are usually not designed to 
withstand pressures exerted by winds in excess 
of 75 mph, the test structure was located at a 
distance where it was expected that the win­
dows would be only partially damaged. The 
original plans contemplated the erection of 
three structures at distances where the esti­
mated damage would be slight, moderate, and 
severe, but this proved impractical and only 

one structure was located at the middle 
position. 

2.3 DESCRIPTION OF WINDOWS AND 
GLAZING 

The following listed windows were installed 
in the test structure, and the details of the 
frames and glazing are shown on Drawings 
31-1 and 31-2 of Appendix A. The double-
strength glass was 0.118 in. thick and all tem­
pered, plate, polished wire, and safety glass 
was V'i in. thick. 

2.3.1 List of Windows 
Two double-hung wooden windows of light­

weight sections glazed with double-strength 
panes, 10% by 15 in. 

Two lightweight, outswinging, aluminum 
casements glazed with double-strength, plate, 
and wire glass, and plastic, approximately 
111/2 by 16 in. One piece of plastic was % in. 
thick and the other was V'lo in. thick. 

Two architectural projected steel windows 
glazed with plate, safety, wire, and double-
strength glass, approximately 15 by 40 in. 

Two heavyweight, inswinging, aluminum 
casements glazed with tempered and wire 
glass, 19% by 61% in. 

Two outswinging aluminum casements with 
an inswinging hopper vent, glazed with safety, 
wire, plate, and double-strength glass. Panes 
in the casement section were 21 by 451/2 in., 
and the hopper vent was 12'Vi(i 'by 44Vi« in. 

Two louvered windows of three sections, the 
two upper sections swinging out and the lower 
section swinging in, glazed with plate, wire, 
safety, and double-strength glass, 18**/],j by 
32»Vin in. 

if^5 



Two heavyweight, steel, double-hung win­
dows glazed with safety, plate, wire, and 
double-strength glass, 191/2 by 30% in. 

Three 12 by 12 in. panes of "Flex-duplate" 
were installed in the front wall panel of Room 
2 in the space around inswinging casement 
window 4. "Flex-duplate" is made by ap­
plying Vs in. plate glass on each side of a plas­
tic sheet and cutting the inner piece of glass 
and the plastic along the diagonals of the 
square. The plastic extended beyond the two 
pieces of plate glass about 1 in. and was held 
in the panel by nailing wood strips over the 
plastic around the opening which was 121/2 
by 121/2 in. As the glass was only 12 in. square 
there was a % in. space between the edge of 
the opening and the edge of the plate glass. 

2.4 DESCRIPTION OF WIRE NETTING, 
VENETIAN BLINDS, AND SCREENS 

Wire netting with % in. mesh was installed 
on the inside of the two double-hung wooden 

windows, one lightweight aluminum casement, 
and the two architectural projected steel win­
dows. The netting was held firmly in place 
by placing it under the eight clamps around 
each window frame and staples were also 
driven on 4 in. centers around the edge of 
netting. 

A wooden Venetian blind was installed on 
the inside of lightweight aluminum casement 
window 2 and commercial-type, metallic Vene­
tian blinds were installed on the inside of the 
two heavy-duty, inswinging, aluminum case­
ment windows 4 and 5 and on one steel, double-
hung window 8. All the blinds were let down 
and the slats closed before the blast. The bot­
tom rail of one blind was attached to the wall 
at both ends with two clamps. 

Insect screens of Monel metal or aluminum 
were mounted with the standard type of 
metal clips on the inside of windows 2, 5, 6, 7, 
10, 13, 14, and 15. 



Chapter 3 

Tesf Resulls and Discussion 

3.1 DESCRIPTION OF DAMAGE 

The shock wave enveloped the entire build­
ing almost instantaneously, and all the glass 
on the four sides of the building that was 
broken was forced inward, except in one free-
swinging casement sash. This sash was on 
the rear face of the structure and was opened 
inward before the blast so that it was per­
pendicular to the rear wall. The sash was 
slammed shut and all panes were broken, with 
the fragments falling to the ground outside 
the building. 

There was, of course, much heavier damage 
on the front face than on the rear of the struc­
ture. Of the 28 panes of glass in the windows 
on the front, 21 were broken, and on the rear 
only 5 were broken out of 30 installed, al­
though many panes on the rear face were 
made of thinner glass than those on the front. 
All the double-strength glass mounted in light 
wooden frames in the ends of the building was 
broken. One of the two pieces of plastic in 
window 2 on the front of the building was 
broken. 

3.2 DISCUSSION OF PRESSURES 

Many of the fragments of glass were found 
outside the structure, and it is thought that 
the blast passed over the building so quickly 
that the pieces were blown outward by the 
expanding air trapped within the building be­
fore the fragments had time to fall to the 
floor. This was particularly noticeable on the 
windows in the end of the building which had 
1/4 in. mesh wire netting nailed across the in­
side of the opening. This wire screen was 

bent inward by the blast, and it appears that 
before the fragments of glass that were pro­
jected against the netting could fall to the 
sill, the air on the inside expanded so quickly 
that the fragments from the windows were 
blown 4 to 6 ft beyond the wall. 

On the rear of the building there was a 
canopy window of three sections, with the two 
upper sections designed to swing outward to­
gether and the independent lower section "to 
swing in. The glass in the upper section was 
blown in, and yet the lock on these sections 
was broken by an outward pressure and the 
two sections were pushed out as shown in Figs. 
3.50 and 3.55. The following comments on 
this reversal of pressure in the test structure 
have been made by C. W. Lampson of the 
Ballistic Research Laboratories at Aberdeen, 
Maryland: 

The general impression that one has from 
these photographs of the results of an atomic 
blast on various window materials and mount­
ings is that the diffraction of the blast wave and 
the formation of vortices about the corners pro­
duce an extremely rapid reversal of load on 
those portions of the structure which are on 
the sides and rear relative to the direction of 
propagation of blast. Windows in general have 
periods which are less than the reversal times, 
so that they follow the forces without appreci­
able lag. The inertia of the debris in many 
cases is such that reversal of aerodynamic forces 
may occur before the pieces fall to the ground, 
so that the location of the debris is no indica­
tion of the mode of failure. The formation of 
vortices reduces the pressure over a localized 
area, whereas the flow of air through openings 
in the front permits a pressure build up inside 
the structure, thus producing a possible re­
versal of aerodynamic forces acting on the area. 
The behavior of the glass after failure is con-



sistent with this hypothesis, as is other evidence 
arising from shock-tube studies; however, the 
phenomena on the front side must be somewhat 
different since no vortices are formed here to 
reverse the pressure gradient, and any glass 
found outside the windows must have been 
caught by some means and then gently blown 
outward on the passage of the suction phase. 

3.3 POSITIVE AND NEGATIVE WIND 

There was little or no indication of the 
strength of the positive wind, as there was no 
debris blown against the front of the building 
and little sand was blown on the inside, nor 
was any trash left adhering to an insect screen 
on the blast side. There was some evidence of 
the negative wind, as one of the wire insect 
screens mounted in one of the casement win­
dows which was opened on the rear of the 
building was covered on the outside with small 

pieces of leaf mold, which was blown in from 
some underbrush about 50 ft to the rear of 
the building. (See Figs. 3.50 and 3.52.) 

3.4 PHOTOGRAPHS WITH COMMENTS 

Photographs (Figs. 3.1 to 3.58) with descrip­
tive titles and comments show the structure, 
windows, blinds, and screens before and after 
the blast. There was no damage to the test 
structure in which the windows were installed, 
and the building was forced backward only 
i/s in. by the blast. The numbers on the white 
cards shown in the photographs refer to the 
rooms, 1 to 5, of the building. For example, 
"Front 5" indicates that the picture shows 
the front wall of room 5. The rooms and win­
dows are numbered on Drawing 31-1 of Ap­
pendix A. 



Chapter 4 

Summary wilh Conclusions and Recommendalions 

4.1 STRENGTH OF GLASS AND 
PLASTIC 

Tempered glass was undamaged on the 
front of the structure facing the blast. The 
locks on one of the inswinging casements 
glazed with tempered glass were broken by the 
blast and the sash swung inward; however, 
the glass was unbroken. The locks and hinges 
of another inswinging sash glazed with tem­
pered glass were broken off and the sash was 
blown across the room, but the tempered glass 
was unbroken. On the rear of the building a 
sash with tempered glass was opened inward 
before the blast, so that the leaf was parallel 
to the line of the blast. However, there was 
no friction arm on the leaf, and it was slam­
med shut with such violence that the glass 
was broken and most of the pieces fell to the 
ground outside of the building. 

In supporting static loads tempered glass 
has about 41/2 times the strength of -14 in. 
plate; % in. wire glass, % in. safety glass, and 
14 in. plate have equal strength; and double-
strength glass has oialy one-fourth the 
strength of % in. plate. The results of the 
test seem to indicate that the resistances of 
these different types of glass to an atomic blast 
were approximately proportional to their 
strength in supporting static loads. 

4.2 FRAGMENTATION OF GLASS AND 
PLASTIC 

The fragments from wire and safety glass 
would not have been so dangerous to person­
nel as the flying pieces of plate or double-
strength glass, which were larger and had 

sharper corners. Plastic, Vio by IP/s by 15'/ifi 
in., was blown out of a frame and broken into 
about eight pieces. A piece of plastic, Va by 
111^ by 15Vio in., was undamaged, while a 
piece of % in. wire glass of equal size in the 
same frame was blown out. Plastic, being 
more resilient than glass, is less likely to break, 
and the fragments are lighter and less likely 
to cause injury to personnel. 

4.3 STRENGTH OF WINDOW 
CONSTRUCTION 

The aluminum and steel windows on the 
blast side were little damaged if glazed with 
double-strength glass or plastic. However, 
most of the muntins or meeting rails were bent 
or twisted if glazed with % in. tempered, plate, 
wire, or safety glass unless the sash could 
swing with the blast. The window sections 
on the blast side which were not damaged, al­
though glazed with % in. glass, were the up­
per and lower fixed units of the architectural 
projected steel window and the upper sash of 
the steel, double-hung window with one sec­
tion glazed v/ith double-strength glass and 
one with % in. plate glass. 

There was little damage to the windows in 
the rear of the building, and only five panes 
were broken;-three of thes'e were in the sash 
that was slammed shut. The other two pahes 
which were broken were of double-strength 
glass. The operator arm on the open sash of 
lightweight casement window 10 was broken, 
and the lock on canopy window 15 was forced 
open. The sashes in inswinging casement 
window 13, were forced inward 1/2 in. against 
the locks. The closed sash on outswinging 



casement window 14 was pushed outward 
about 1/2 in. 

The commercial-type, lightweight, double-
hung wooden window with sashes glazed with 
small panes supported by narrow muntins has 
little strength to resist a blast. If the window 
is open and the sashes are opposite, the resist­
ance is increased. Such windows installed in 
the ends of the structure parallel to the blast 
were almost completely destroyed, although 
the window that was open suffered less 
damage. 

4.4 RIGIDITY OF WINDOW FRAMES 

Steel architectural projected window 3 had 
plate glass in the upper section, two panes of 
safety glass in the ventilator section (sepa­
rated by a lightweight muntin), and a piece 
of wire glass in the lower section. All glass 
pieces were approximately 16 by 40 in. The 
upper and lower panes were not damaged al­
though the safety glass in the ventilator was 
destroyed when the muntin was bent inward 
by the blast. Wire glass only 111/4 by ISVKI 
in. was blown out of a lightweight aluminum 
casement adjacent to the steel window when 
the aluminum muntin bent inward. Glass 
mounted in a flexible frame is likely to be 
broken if the frame is distorted by the blast, 
whereas the same size pane may be undam­
aged if installed in a more rigid frame. 

4.5 POSITION OF WINDOWS RELATIVE 
TO BLAST 

Casement sashes on the blast side which 
were opened outward parallel to the blast were 
not damaged. A casement sash on window 4, 
glazed with tempered glass, was forced open 
and swung inward without being damaged. 
If the casement sash referred to in Sec. 4.1 
had been equipped with some type of a lock or 
friction arm to hold it open, it probably would 
not have been slammed shut and there would 
have been no glass breakage. Other sashes 
in the rear of the building which were opened 
outward parallel to the blast were only slightly 

damaged, and none of the glass was broken. 
(See Sec. 4.3.) If a sash perpendicular to the 
blast can swing, without too much resistance, 
into a parallel position, the glazing will be less 
likely to be damaged. 

4.6 PROTECTIVE SCREENS AND 
VENETIAN BUNDS 

Pieces of % in. mesh wire netting mounted 
on the inside of the windows in the end of the 
structure were bowed inward by the blast and 
one piece was split along one side. However, 
these screens prevented all but the smaller 
fragments of broken glass from being pro­
jected into the rooms. A similar piece of 
netting installed on the inside of the archi­
tectural projected window 3 prevented the two 
panes of safety glass from being blown into 
the room after they were torn out of the 
frames. 

All five Venetian blinds were almost com­
pletely destroyed and afforded little or no pro­
tection from flying fragments of glass. One 
blind was torn loose at the head, and the sup­
porting cords and tapes were broken on the 
other blinds, letting the slats fall to the floor. 
In many cases the slats were broken or 
twisted out of shape, as shown in the photo­
graphs, and two of the aluminum slats were 
pierced by fragments of glass. However, it is 
thought that a blind with some of the parts 
reinforced and properly anchored to the win­
dow opening would give some protection at 
distances greater than 3 miles from ground 
zero. The blind, if closed, gives full protec­
tion at 2 miles against the heat waves, which 
last only a few seconds; and the blast wave, 
which travels at a much slower rate, may not 
reach the building and damage the blind be­
fore the heat waves have dissipated. 

Insect screens, being held in place with 
lightweight clips, were torn from the frames 
and were little or no protection from flying 
glass. The blast had little effect on a screen 
over a window that was opened before the 
explosion. 



4.7 RECOMMENDATIONS FOR 
ADDITIONAL TESTS 

The time allowed for assembling the win­
dows and erecting the building used in this 
test was very limited and only a few of the 
elements of the window problem were covered 
by this investigation. It is, therefore, recom­
mended that additional investigations on this 
subject be undertaken in order to secure data 
for designing windows that will be more re­
sistant to atomic blasts and less hazardous to 
the occupants of buildings where the windows 
are installed. 

Further investigations should include: 
1. The resistance of glazing and win­

dow construction at distances of 3, 4, and 
5 miles from an atomic weapon. 

2. The protection provided by specially 
designed Venetian blinds, wire screens, 
and other types of shielding devices in­
stalled on the inside of windows located at 
various distances from a blast. 

3. The performance of specially de­
signed windows that will swing with the 
blast and yet remain closed against wind 
storms. 

4. The performance of windows glazed 
with combinations of plastic and glass, 
with glass reinforced with strips applied 
to the surface, with different thicknesses 
of plastic, and with two panes of glass 
separated by a narrow air space. 

5. The protection provided by blinds 
or shutters installed on the outside of 
windows. 
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Appendix A 

Deloiled Drawings 

(See Drawings 31-1 and 31 -2 at the end of this report.) 
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Appendix B 

CLASSIFIED DATA' »̂. Interferometer Gauge Pressure-Time Meas­
urements—Greenhouse Project 8.2B. The re­
flected pressure was estimated at 4.2 psi, and The test structure was located 10,328 ft from 

the atomic weapon, which had a yield equiva-
i e n t J o J 6 . 7 kt of TNT.f^fhe^ side-on peak .3LiEi^Hl^*Si«iffl«tt^^Wnd_^at 3̂0̂  ft/sec. 
pressure was estimated at 2 psi, and the posi- r ^ e s e ^ a n t i t i e s were derived from formulas 
five maximum wind at 105 ft/sec, with a dura- J given in Supersonic Flow and Shock Waves, 
tion of 11/2 sec. These data were derived from I by Courant and Friedrichs. 
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FIG. 3.1 Front of the Building before the Blast 





I 

FIG. 3.2 Front of the Building after the Blast 
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FIG. 3.3 Rear of the Building before the Blast 
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KO FIG. 3.4 Rear of the Building after the Blast 
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FIG. 3.5 Front of the Building after the Blast from the Air 



K5 FIG. 3.6 Rear of the Building after the Blast from the Air 
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FIG. 3.7 Outside of Double-hung Wooden Window 1 before the Blast. This was a commercial-grade 
wooden window such as is used in moderately priced residences. The frame was made of members IVs 
in. thick and glazed with double-strength glass lOYs by 15 in. The lower sash was raised before the blast. 
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FIG. 3.8 Outside of Double-hung Wooden Window 1 after the Blast. The aluminum wire insect' screen 
on the ground was blown through the opening below the raised sash in the end of the building. The 

screen was originally installed on the casement window 2 on the front of the building. 
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FIG. 3.9 Inside of Double-hung Wooden Window 1 before the Blast. Wire netting with Vi in. mesh was 
mounted on the inside to stop flying fragments from entering the room. 
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FIG. 3.10 Inside of Double-hung Wooden Window 1 after the Blast. The '/4 in. mesh wire netting was 
undamaged. All the glass fragments and pieces of muntins torn loose from the sash were blown out­
ward, apparently by the expanding air within the room after the shock front passed, before the pieces 
could fall vertically. This debris was on the sand outside the building about 4 ft from the face of the wall. 



FIG. 3.11 Outside of Casement Window 2 and Architectural Projected Window 3 before the Blast Win­
dow 2 is a lightweight aluminum, outswinging casement window used principally in small residences 
Window 3 IS an architectural projected steel window with two center panes of safety glass mounted in 
the ventilator section. The top pane was plate glass 14% by 37% in., and the lower pane was polished 

wire glass. 
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FIG. 3.12 Outside of Casement Window 2 and Architectural Projected Window 3 after the Blast. On the 
right-hand sash, the upper wire glass pane was blown out, as well as the double-strength glass in the 
second opening, and the 1/10 in. plastic in the third opening. The '/s in. thick plastic in the fourth open­
ing was undamaged. The center meeting rail was bent approximately 2 in. out of line. The upper and 
lower panes on window 3 were undamaged, and the two sections of safety glass In the ventilator were 
broken in a large number of fragments less than 1/2 in. square. The plastic, however, held these frag­
ments together in one sheet. The lower piece of safety glass fell between the lower pane of the window 
and the wire screen on the inside. The upper sheet of safety glass fell to the ground and can be seen 

in the shadow of the man's hand. 



FIG. 3.13 Inside of Architectural Projected Window 3 before the Blast. Wire netting with '^ in. mesh was 
installed on the inside of the opening. 
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PIG 3 14 Inside of Architectural Projected Window 3 after the Blast The 1/4 m mesh wire netting is 
intact, and the lowei section of the crushed safety glass dropped to a position between the wire netting 

and the wire glass pane, which was unbroken 
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FIG. 3.15 Inside of Casement Window 2 before the Blast. A wooden Venetian blind was mounted over 
the opening. 
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FIG 3 16 Inside of Casement Window 2 after the Blast The Venetian blind was completely wrecked 
one side being torn from the wall, and the supporting cords broken off so that it was hanging by the con­
nections on the left side only Below the window sill the fragments of the 1/10 in plastic which were 
mounted on the wall after the blast can be seen faintly The plastic was broken in only about eight 

pieces, which fell to the floor near the center of the room 



FIG. 3.17 Outside of Heavy Inswinging Casement Window 4 before the Blast. This aluminum casement is 
designed for ofBce buildings and hospitals. The sash on the left was glazed with plate glass in the top 
and bottom openings and double-strength glass in the center. The sash on the right side was glazed 
with tempered glass. All pieces of glass were 17% by 22̂ /2 in. In the three openings in the wall sur­
rounding this window were installed pieces of specially prepared glass panels known as "Flex-Duplate" 

made by applying '» in. plate glass on both sides of a plastic sheet. (See Sec. 2.3.) 
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FIG 3 18 Outside of Inswinging Casement Window 4 after the Blast All glass was broken out of the 
left-hand sash, and the right-hand sash was undamaged except for the broken catches which allowed 
the sash to swing inward with the blast After the shock front passed this sash was partially closed, 
probably by the negative wind, trapping some slats of the blind between the sash and the frame The 
center meeting rail of this window was deflected about V2 m The outer glasses m the three 12 m 
square openings surrounding this window were broken along the diagonal lines and forced m Later 

some of the triangular sections were pushed outward 
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FIG 3 19 

^ lb. 
Inside of Inswmgmg Casement Window 4 before the Blast A metal Venetian blind was mounted over the opening One 

sash was blocked m place by means of two pieces of 2 by 4 m planks shown m the photograph 
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FIG 3 20 Inside of Inswmgmg Casement Window 4 after the Blast Some fragments of glass punctured 
the aluminum slats of the Venetian blind, which offered little protection against the flying glass 
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FIG 3 21 Outside of Inswmgmg Casement Window 5 before the Blast This window was constructed of 
heavy weight aluminum sections with hinges spot-welded to the frame and to the sash The left-hand 
sash was glazed with tempered glass and the right-hand sash with wiie glass The glass sections meas­

ured 19% by 61=8 m 
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FIG. 3.22 Outside of Casement Window 5 after the Blast. The left-hand sash of this window was 
broken from the hinges and thrown across the room. The tempered glass in this sash was not broken. 
The locks on the right-hand sash were torn loose, and the wire glass was broken out of the frame. 

The center meeting rail was deflected about iy2 in. out of line. 
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FIG. 3.23 Inside of Inswinging Casement Window 5 before the Blast. A metal Venetian blind was in­
stalled over the opening. 
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FIG. 3.24 Inside of Window 5 after the Blast. The Venetian blind was completely wrecked. Some of the 
glass fragments of the wire glass section were imbedded in the partition running perpendicular to the 

front wall just beyond the limit of the picture on the left side. 
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FIG. 3.25 Outside of Casement Window 6 and Canopy Window 7 before the Blast. Window 6 is a heavy­
weight aluminum inswinging casement, with an inswinging hopper vent at the bottom. The left-hand 
sash of window 6 was glazed with safety glass and the right-hand sash with wire glass. Plate glass 
wp,s used in the hopper vent. Before the blast the right-hand sash of the casement was opened so that 
it would be parallel to the blast. Window 7 was a lightweight aluminum canopy window with two up­
per sections swinging outward and the lower section swinging inward. Plate glass, wire glass, and safety 

glass, 18 9/16 by 32 15/16 in., were installed m the frame. 
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FIG 3 26 Outside of Casement Window 6 and Canopy Wmdow 7 after the Blast The safety glass m the 
nght-hand sash of the casement was shattered and fell to the sill as shown m the photograph The 
right-hand sash of the casement was undamaged and the glass m the hopper vent was broken out AO 

glass was bioken out of wmdow 7, however, the frame was undamaged 
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FIG. 3.27 Inside of Casement Window 6 before the Blast 
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FIG 3 28 Inside of Casement Wmdow 6 after the Blast The left-hand sash of the window was 
opened outward perpendicular to the wall before the blast and was undamaged The latch on the hopper 

vent was broken as the sash was forced open 



FIG 3 29 Inside of Canopy Window 7 and Part of Casement Window 6 before the Blast 
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FIG 3 30 Close-up of Casement Window 6 after the Blast The insect screen was partially torn from the 
frame, and no trash was deposited on the outer surface by the positive wind The bottom rail of the 

casement opening was bent about 2 m out of line 
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FIG 3 31 Outside of Double-hung Steel Wmdow 8 before the Blast This was a heavyweight steel 
double-hung window glazed with double-strength and plate glass m the uppei sash and safety and wire 

glass m the lower sash Panes were 191/2 by 30% m 
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FIG. 3.32 Outside of Double-hung Window 8 after the Blast. All panes of glass were blown from the 
frame and the lower muntin was torn loose from the bottom rail of the sash. 
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FIG. 3.33 Outside of Double-hung Window 9 before the Blast. This was a commercial-grade, wooden, 
double-hung window like window 1 at the other end of the building. It was glazed with double-strength 
glass. On the inside of the window opening, 14 in. mesh wire netting was mounted to prevent the glass 

from flying into the building. 
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FIG 3 34 Outside of Double-hung Window 9 attei the Blast ihe deoris m tne loreground was about 
6 ft from the building and was composed of glass fragments and muntms that apparently weie blown 
outward by the expansion of the air after the shock wave had passed and befoie gravity could pull the 

fiagments down to the window sill 



J • 
f i 1/ 

f i « 

ip 

FIG 3 35 A Close-up of Outside of Window 9 after the Blast The wire scieen was bent inward by the 
blast and split along one side 
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FIG 3 37 Outside of Casement Window 10 and Architectural Projected Window 11 before the Blast Win­
dow 10 was a duplicate of window 2 except that the right-hand sash was glazed with plate glass and the 
left-hand sash with double-strength glass The left-hand sash was opened at right angles to the building 
before the blast Window 11 was a duplicate of window 3 except that the top pane was plate glass 

the ventilator panes were double-strength glass and the lower pane was wired glass 



FIG. 3.38 Outside of Casement Window 10 and Architectural Projected Window 11 after the Blast. There 
was no damage to either of these windows except that the operator on the open sash of the casement was 

broken and the center meeting rail was bent inward slightly. 
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FIG. 3.39 Inside of Casement Window 10 before the Blast. The sash on the right-hand side was opened 
perpendicular to the building wall. 
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FIG. 3.40 Inside of Casement Window 10 after the Blast 
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FIG. 3.41 Inside of Window 11 before the Blast 
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FIG. 3.42 Inside of Window 11 after the Blast. There was no apparent damage to this unit. 

59 



•0 

% 

' # ' 

" ^ ' i 
" ^^feiTyj^^ 

/J 

•'~—*-*B»*^4 t^m^^ 

\ -
'̂ •.-. 

> 

FIG 3 43 Outside of Inswmgmg Casement Window 12 before the Blast This was a duphcate of window 
4 except that the left-hand sash was glazed with tempered glass and the nght-hand sash was glazed with 
double-strength glass at the top and bottom, with a plate-glass unit m the center opening The sash 

on the left was opened inward prior to the blast 
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FIG. 3̂ 44 Inside of Wmdow 12 after the Blast. Possibly either the shock wave or the expansion of the air within the building after 
the shock wave passed slammed the open sash of this window shut with such violence that all the glass was broken and the fragments 
fell to the ground outside of the building. The negative wind blowing against this free-swinging sash evidently returned it to «s 

original position. 
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FIG. 3.45 Outside of Casement Window 13 before the Blast. This is a duplicate of window 5 except 
that the left-hand sash was glazed with tempered glass and the right-hand sash with wire glass. 
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FIG. 3.46 Outside of Casement Window 13 after the Blast The nrf"!<iiirp nf fho u , 
forced both sashes of this casement inward a g a i n ^ t ^ h ^ ' l a t l L ' s ^ p T r ^ ^ a t ^ f y f ^ n ' T^ZT^rC' 

ever, no breakage of the glass. ' ' 
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FIG 3 47 Inside of Casement Wmdow 13 before the Blast This wmdow was a duplicate of wmdow 5 
with wire glass on the left and tempered glass on the right 
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FIG 3 48 Inside of Casement Wmdow 13 after the Blast The sash on the extreme left with only the 
corner showing is the one which was torn from the frame of window 5 on the front of the building 
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FIG 3 49 Outside of Casement Window 14 and Canopy Window 15 before the Blast Window 14 was a 
duplicate of wmdow 6 except that the left-hand sash was glazed with double-strength glass and the right-
hand sash with wire glass The hopper vent was glazed with safety glass. The left-hand sash of the 
casement was opened before the blast Wmdow 15 was a duplicate of canopy window 7 except that the 
upper pane was of double-strength glass, the middle pane of plate glass, and the lower pane of wire glass 

66 .s 



% 

^ 
. 1 

X . 

-'WffjaipswrswKi 

FIG. 3.50 Outside of Windows-14 and 15 after the Blast. Window 14 was undamaged. The upper glass 
in window 15 was blown in. The expanding air in the room following the blast apparently tore the 
catch loose, which locked the two upper ventilators in place and opened the window, as shown in the 
photograph. The insect screen over the opening in window 14 was covered with fine debris which was 

probably picked up by the negative wind and deposited on the outside surface of the screen 
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FIG. 3.51 Inside of Casement Window 14 before the Blast 
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FIG 3 52 Inside of Window 14 after the Blast Debris on the outside of the insect screen is visible, as pre­
viously noted 
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FIG. 3.53 Inside of Canopy Window 15 before the Blast 
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FIG. 3.54 inside of Window 15 after the Blast. The insect screen mounted on the window was torn loo.e 
from the frame and dropped to the floor. 
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FIG 3 55 A Close-up of the Outside of Windows 14 and 15 after the Blast The right-hand sash of the 
casement was sprung outward about 1/2 in, possibly due to the expanding air m the structure after the 
shock wave passed Apparently the outward pressure of the expanding air also broke the catch on the 
middle ventilator section of the canopy window and both upper and middle sections moved outward to­
gether, as they are connected by a vertical bar so that a movement in one sash causes a corresponding 

motion m the other sash 
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FIG. 3.56 Outside of Double-hung Window 16 before the Blast. This was a duplicate of window 8, except 
that the upper sash was glazed with plate glass on the left and double-strength glass on the right. The 

lower sash had wire glass on the left and safety glass on the right. 
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FIG 3 57 Inside of Steel Double-hung Window 16 before the Blast 
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FIG 3 58 Inside of Window 16 after the Blast The double-strength glass m the upper sash was forced 
inward, and tha fraamejftts.Jell.iUiSAti^ ^tJb«AmMtoa«»> The other three panes of '4 m glass were unbroken 
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