
BREAKING GLASS
Mark Brook, P. Eng.

BVDA Façade Engineering



HOW TO BUILD A GLASS HOUSE





IT IS THE FATE OF GLASS TO BREAK

� Common misconceptions regarding glass breakage

� Two case studies

� Summer of 2011- Sky Fall(ing) spontaneous breakage

� Spandrel breakage

� Glass doesn’t just break.





BREAK ON PURPOSE FRAGMENTATION TEST
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HOW OFTEN SHOULD GLASS BREAK?
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PROBABILITY



PROBABILITY OF BREAKAGE

�<1/1000

�2/1000

�5/1000

�8/1000

�100/1000

�750/1000



OLD DISCLAIMER



BREAKAGE PATTERN 

– HOW IT BREAKS



BREAKAGE BEHAVIOR FT GLASS



BREAKAGE BEHAVIOR FT GLASS



BREAKAGE BEHAVIOUR OF FT GLASS



2011 SKY IS FALLING CASE 1





GLASS EXAMINATION

�Glass edges

�Glass thickness

�Surface compression

�Fragmentation test

�Code/standard compliance



GLASS SUPPLY

�Use of brokers, global supply

�Domestic

�North American/Europe

�Asia



RAILING INVESTIGATIONS

�Code compliance 1996

�Wind loads



NICKEL SULPHIDE INCLUSIONS



HOW RARE IS RARE

�Pilkington – rare

�Guardian – rare, extremely rare

�Saint Gobain – very rare

�PPG – very rare, extremely rare



HOW RARE IS RARE

�Pilkington – rare

�Guardian – rare, extremely rare

�Saint Gobain – very rare

�PPG – very rare, extremely rare

�1/7.38 tonnes

�1/8.7 tonnes 1/5000 sq. ft. of 6mm thick



LEGISLATIVE CHANGES – FAR ENOUGH?

�SB 13 Ontario

�CSA A500 Building Guards

�Recognition of post breakage behavior

�Recognition of wind as load case

�Laminated glass



EVOLUTION OF GLASS 

SPANDRELS – CASE 2









SPANDREL GLASS – FULL 

FRIT







SPANDREL GLASS

�Heat strengthened with low e #2

�Air space

�Heat strengthened with ceramic frit #4



BREAKAGE OF SPANDRELS



THERMAL BREAKAGE OF SPANDRELS



THERMAL STRESS

CBD-129. Potential for Thermal Breakage of 

Sealed Double-GlazingUnits 

Originally published September 1970. 

J.R. Sasaki  

Sealed double-glazing units with low shading coefficients and low U-values (CBD 101) have 

been in use for some time (Table I). Unfortunately, designers often overlook the fact that sealed 

units with superior thermal performance experience greater thermally induced stresses than do 

ordinary sealed double-glazing units. These stresses, by themselves, will not cause good quality 

glass to break, but when they are added to other stress in the glass they can result in breakage. 

This Digest discusses the causes of thermally induced stresses and indicates how they can be 

kept to a minimum. 

CBD-60. Characteristics of Window Glass 

Originally published December 1964. 

G.K. Garden  

Although it was known before 2,000 B.C., glass found little use as a window material until 

Roman time. By the tenth century there was fairly high production of window glass in northern 

Europe, probably encouraged by the dictates of the climate. Through modern glass technology it 

is now used extensively in buildings for cladding and windows, not to mention a myriad of other 

applications. 

Glass is most vulnerable at its edges, with surface imperfections from cutting and handling 

adding to the risk of failure. The grinding and polishing of plate glass affects the surface 

condition of the glass, so that its usable strength is considerably less than that for firepolished 

sheet glass. Because the effect of stress raisers is indeterminate the allowable tensile strength of 

glass is determined statistically and a sizable safety factor included. By using the value thus 

established breakage can be reduced to an insignificant level but not eliminated. 

Glass can be greatly strengthened by development of a "stressed skin" sandwich, where both 

surfaces are in compression and the middle is in tension. This can be accomplished by heating 

the glass to near its melting point and rapidly cooling both surfaces. The contraction of the 

middle (of the thickness) of the sheet develops the desired stress on final cooling. Safety 

Toughened Glass, as it is called, is three to five times more resistant to failure by bending, 

impact or thermal shock than annealed glass of the same thickness, although other properties 

such as durability, transparency (except for polarized light), elasticity, flexibility or coefficient of 

expansion are not changed. The "Achilles Heel" of safety toughened glass is its edges; even a 

relatively light impact with a sharp object can cause failure. 



EXPOSURE



THERMAL STRESS 

ANALYSIS



THERMAL STRESS 

ANALYSIS



ACTUAL CAVITY TEMPERATURES

�Vary with construction

�Single glazing 60-80degC

�Double glazing 90-100degC

�Venting, insulation, air circulation

Credit Image Tim Moore



THERMAL STRESSES

�Thermal simulation using field data as 

correlation

�Temperature gradient generates edge tensile 

stress

�Balloon with elastic band

�4000-6000psi (20-40MPa)



SURFACE COMPRESSION NO FRIT



SURFACE COMPRESSION FRITTED





EFFECT OF FRIT

� Impact on heat treating process

�Beam sample testing 60 – 70% as strong as 

non-fritted

�Consistent with international standards – not in 

Canada eh.

�Weakening effect of frit



EFFECT OF FRIT

Credit Image Barry/Norville



PERFECT STORM 

�Extreme temperatures and temperature 

gradients by design

�Manufacturing variances

�Weakening effect of frit



SOLUTIONS

�Revise architectural design to lessen stress

�Fully temper inboard lite – heat soak

�Consider non-ceramic frit coating*

�Modify ceramic coating application 

�Revise edge treatments 



SOLUTIONS

�Revise architectural design to lessen stress

�Fully temper inboard lite – heat soak

�Consider non-ceramic frit coating*

�Modify ceramic coating application 

�Revise edge treatments 



THANK YOU 

� It is the fate of glass to break.

�Glass doesn’t just break – it breaks for a reason
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