Technics Focus

Wind Does Not Break Window Glass

“An important new standard, ASTM E 1300
Practice for Determining the Minimum Thickness of
Annealed Glass Requived to Resist a Specified Load, will
soon become the model for window glass design in
the United States as well as in some other countries.
It can be used to size window glass thickness and to
design window glass constructions subjected to wind
loadings and uniform loadings of long duration.
While ASTM E 1300 represents a marked improve-
ment over the current design recommendations in
model building codes, it does not address many
problems of window glass design or breakage.

The document itself states: “Many other factors
need to be considered in glass type and thickness
selection. These factors include, but are not limited
to: thermal stresses, the effects of wind-borne
debris, excessive deflections, behavior of glass frag-
ments after breakage, seismic effects, heat flow,
edge bite, noise abatement, ctc. In additon, consid-
erations set forth in federal, state, and local build-
ing codes along with criteria presented in safety
glazing standards may control the ultimate glass
type and thickness selection.” Although window
glass thickness is traditionally designed according to
its ability to resist wind loads, window glass failures
most often result from causes other than wind. In
this article, the methodology used by ASTM E 1300
for architectural window glass design will be exam-
ined, and the many factors it does not address,
including the primary causes of glass breakage and
post-breakage performance, will be explored.

Designing Window Glass Using ASTM E 1300

Required Definitions. The design of a window glass
lite or a window glass construction using ASTM E
1300 consists of selecting an appropriate glass type
and glass thickness to resist an equivalent design
loading. Designers must understand certain defini-
tions before they can use ASTM E 1300. The ASTM
definitions cover glass type, loads, glass thickness,
thickness designations, and glass lite geometry.

ASTM E 1300 defines five window glass types for
which it can be used. These are annecaled (AN)
monolithic glass, heat strengthened (HS) monolith-
ic glass, fully tempered (FT) monolithic glass, lami-
nated (LG) glass, and insulating glass (IG) units.
The design procedure in ASTM E 1300 is used only
for lateral loads. “Lateral” is defined in the standard
as the direction perpendicular 1o the glass surface.
A “load” is defined as a uniformly distributed lateral
pressure. Four specific terms are defined as loads in
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ASTM E 1300, the design load, the equivalent
design load, the non-factored load, and the allow-
able load.

The design load consists of all loads that act on

the glass including self-weight, wind load, snow |
load, and any other loads. The design load is 10 be |

used only in the calculation of lateral deflections.
The equivalent design load is the magnitude of a con-
stant load of 60-second duration which represents
the cumulative effects of the components of all

loads that act on the glass. The design load must be '

converted to an equivalent design load. The
methodology 1o accomplish the conversion is not

addressed by ASTM E 1300; it relies on the “specify- -

ing authority” to provide this information.
The charts depicted in ASTM E 1300 provide

non-factored loads for window glass lites of specific |
nominal dimensions. The values from the charts are |
multiplied by an appropriate type factor to deter-

mine the allowable load for a specific glass type. The

type factor accounts for the differing strengths of :

the various glass types as well as load duration. The

allowable load is the 60-sccond equivalent load asso- |

ciated with a probability of failure of 8 lites per

1000 (or 0.008) at the first occurrence of the load.
Because the type factor for annealed glass is 1.0, the
non-factored load charts represent 60-second dura-
tion allowable loads for AN glass.

The “equivalent design load” is a nebulous term
to most architects and engineers who design win-
dow glass. It incorporates the duration of the lateral
loads that are expected to act on the glass, the time
variations of magnitudes of thesc lateral loads, and,

indirectly, the time dependence of glass strength.
According to ASTM E 1300, the specifying authority °
is the only one who can provide information to cal- |

culate the equivalent design load. Unfortunately,
beyond defining the specifying authority as “those

responsible for interpreting local, state, and federal

building codes,” the authority’s identity is
unknown. The definition of “specifying authority”

relieves ASTM E 1300 from providing any guidance |

as to how appropriate equivalent design loads for

window glass should be determined.

Non-Factored Load Charts. ASTM E 1300 repre-
sents the strength of AN monolithic glass lites with

continuous support on all four sides using non-fac-

tored load charts. These charts differ radically from
window glass strength charts presented in model -

building codes. The ASTM E 1300 non-factored
load charts are an improvement in that they better

|
i
i

xa

I/:j/.a(

h Un

IIB

0044

U

55




represent the strength of A
been in service for several y
To illustrate the use of -
charts, we will consider the +
ed in the chart for 4" nor:
determine the non-factorec.
glass lite with nominal din. .
/4", enter the /4" non-factc -
ing a vertical line from th: .
dimension) at 80 and draw -
the vertical axis (short dime::
lines intersect between the :
lines for 25 psf and 30 psf.
radial line from the lower
that passes through the in
horizontal and vertical lines,
for this lite is then “read” £~
approximately 27 psf’
Type Factors and Glass Lite .
of the different glass types - .
tions above are represente .
basic sets of type factors are - .-
, 1300: type factors for 60-sece. - . _ration loads and
type factors for long duratic:. .3, For 60-second
" duration loads, the type fac.~ - AN monolithic
“glass is 1.9, the type factor fo. - - onolithic glass is
2.0, and the type factor for . - molithic glass is
4.0. For other glass types sue -~ G and IG units,
there are more type factors. -+ are additional
type factors for long duratio.
reduction of the allowable lo:-
lite or construction. This re- . a considers the
« fact that glass strength dimir =« . s load duration
"is increased.
Returning to the simpl
above, the 60-second duratic . -
lithic AN glass lite having rec ..

i low glass that has

+on-factored load
de that is illustrat-
nickness (la). To
for a rectangular
s of 60" x 80" x
ad chart by draw-
sontal axis (long
+.zontal line from
.. at 60. These two
-on-factored load

¢iion point of the
“on-factored load
e chart as being

‘h. The strengths
>d in the defini-
’pe factors. Two
2ned in ASTM E

aple discussed
sgth of a mono-
. ir dimensions of

60" x 80" x /4" to resist a uni... -~ - .ad of 60-second
_ duration is:
Non-factored Load x ANT -~ - tor =

27 pst x1.0 = 27 psf

i In othér words, the streng .. -

“lite under a 60-second durat
value found from the non-fac .
strength of a monolithic HS
dimensions to resist a 60-secor-

monolithic AN
=d is simply the
‘oad chart. The
~wing the same
ition load is:

Non-factored Load x HS T -
27 psfx 2.0 = 54 psf

. tor=

R R
FoOIAN,
L BOSECONDDURA"ONEOUNALENT 19
DESIGH LOAD (PSF}
4 mowmrvonmune-auooo I
N
L ® 109 ¥
~ ~ §
9 » N N =
N
- . 3 H
\ 2
» - :
5 ad
e '\ é./ P s i Ay
ol e
P S =
L 12 = i
4 E
b L] .
o 58 o0 158 k-]
PLATE LEMGTH 1INCHESE

18 NON-FACTORED LOAD CHARY FROM ASTM £ 1308 FOR MONOLITHIC GLASS MAVING
A NOMINAL THICKNESS OF /4

I Satect Triat Glass Type & Thickness
I
L Obtain Non-Factared Load., . From Chart for Triat

Glass Thickness

, il

l Determine Type Factor, TF. Jor Glase Type & Load Duration

Setect New Triat Glass Type &
Thickness
L Calculate Allowabla Load, Pri=P x TF }
: 1 i o
Pm>Pgy

Yes |

Finished

b mmmummmmmlnmmmmnu

The strength of a monolithic FT lite having the
same dimensions to resist a 60-second duration
load is: )

Non-factored Load x FT Type Factor =
27 psf x 4.0 = 108 psf

The strengths of glass lites obtained using this
procedure represent uniform loads of constant mag-
nitude that act continuously for 60 seconds.
Furthermore, if the allowable load did occur on a
window glass lite, it would not necessarily fail. The
probability of failure at the first occurrence of the
allowable load would be 0.008. '

Design Procedure. The window glass designer using
ASTM E 1300 simply has to select an appropriate
glass type and thickness to resist the equivalent
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Why Window Glass Fails

Despite the focus on wind loading in the deter-
mination of glass thickness, damage surveys con-
ducted following recent disasters have revealed that.
wind pressure does not cause glass breakage.
Factors such as wind-borne debris, excessive build-
ing motion, and blast pressures have been docu.'
mented as the cause of widespread glass breakage. !
The designers of window glass at the affected pro-,
Jjects did not anticipate these factors. A major conse-:
quence of the glass breakage was a breach in the;
building envelope that resulted in damage to propf
erty and personal injury. ‘

A substantial amount of glass breakage occurred ;
in a relatively small arca in downtown Houston, |
Texas, during Hurricane Alicia. In photographs tak-|
en after the hurricane, the density of broken win-,
dow glass lites can be readily observed from the!
density of the plywood replacement panels (2). It is
highest at a level near the clevation of the roof linei
of an adjacent building. The breakage density
decreases with changes in elevation from rooﬂines?
of adjacent buildings. This suggests strongly, if not|
conclusively, that the window glass broke as the'!
result of wind-bome debris, such as roof gravel, car-
ried by the wind from the adjacent building. Close- !
up .photos of broken windows (3) reveal from the
fracture origin and pattern that the breakage was
caused by impact rather than by the wind. Certainly |
wind was a factor in that it carried the debris, but i’
was not the ultimate cause of breakage.

Window glass broken during explosions results
from uniform pressure loadings of high magnitudc
and short duration (4, 5). In explosions, wind has
nothing to do with glass breakage. Glass breakage is
also common in areas subjected to earthquakes.
Breakage occurred almost at the onset of shaking in ‘
a deparument store near Union Squarc in San!
Francisco during the Loma Prieta earthquake of |
October 17, 1989 (6). Again, wind had nothing to ‘
do with the breakage. Other buildings affected by ‘
the earthquake show evidence of racking move-
ments that could have resulted in - but fortunately |
did not - glass breakage (7). |

Spontaneous glass breakage often occurs at pro-
Jjects glazed with fully tempered glass (8). Nickle sul-
fide contamination, a leading cause of spontaneous
breakage of tempered glass, apparently cannot be
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suffered extensive glass breakage dur-
‘ ing Hurmicane Alicda. The breakage

distribution and density evident from
the temporary plywood replacement
panels suggests that most breakagr
was caused by gravel roof ballast and
other wind-borne debris blown off the
7oof of the adjacent building ~ not by
the wind alone.

3 Study of the fracture pattern and
the fracture origin of this glass from
another building in dountown
Houston indicates that the window
was broken by impact rather than

4 This building in downtown Fort

- Worth suffered glass breakage follou-

. ing a gas explosion. The building was

. very close to the point where the explo-

| Ston occurred. Struciural damage to

 Uhis building, other than giass break-

© age, was slight.

"5 Another building with broken unn-
dows as a result of a rofinery explosion
m Norco, Louisiana. The budlding
suffered sygmificant structural damage
in addition to glass breakagr. In both
this and the gas explosion exam ple
(4). unnd had rothig in do wnth the
glass brrakage.

6 Gilass was broken abmost at the on e
of shaking 1 this depaartmeni i r
near Usion Squase vn San Frooer .
duning the Lowa Prieta eurthgiake of
October 17, 1959 1100 fre1sons ey
wgured Iy falling plass prom thi
Inalding. Agam. wind had nothing 1o
do unth the breakagr.

¥ Gaskets began to fall out from
around dry glazed lites 1n a bulding

- in San Jose during the same earth-
quake. The gasket fallout resulted
Jrom sustained building motion dur-
ing the temblor. Although the glass
did not break, the loss of gaskets could
have resulted in glass contact with the
window frames and eventual glass
Sfracture and fallout.
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minimizes hazards to people and property and

results in a much safer building. While ASTM E -

1300 presents an excellent procedure for designing -

window glass to resist wind loads, it does not
address the factors that really break glass.
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